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SUMMARY OF PROCEEDINGS 

OF THE 

FORTY-NINTH ANNUAL MEETING 
Buffalo, N. Y., June 24--28, 1946 

The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Afiecting Standards appearing in the annual re- 
ports of the standing committees. In the individual committee reports attention 
is called through an editorial footnote to any modifications of the recommendations 
or where the recommendations of the committee were not approved. In all 
other instances it is to be understood that the recommendations were approved 
as submitted by the committee. The new and revised standards and tentatives 
are published in the 1946 Book of A.S.T.M. Standards, Parts I-A and I-B, 11, and 
III- A and III-B. Except as noted, the reports and papers appears in this yolume. 


This summary of the Forty-ninth 
Annual Meeting of the American Society 
for Testing Materials, held at the Hotel 
Statler, Buffalo, N. Y., June 24-28, 1946, 
is a record of the transactions of the 
meeting including the actions taken on 
the various recommendations submitted 
by the standing committees. In all, 
25 sessions were held. 

The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 978; committee members, 
405; guests, 452; total, 1835. 

The Proceedings are set forth session 
by session. There were 56 reports and 
84 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports 
having been grouped so as to cover the 
acceptance of material for publication 
as tentative, such as new specifications, 
methods of test, revisions of tentatives 
and proposed revisions of existing stand- 
ards, and as a separate group, the 
approval of matters that were referred 
to letter ballot of the Society, comprising 


the adoption of tentatives as standard 
and the adoption of revisions of stand- 
ards. Accordingly, wherever the action 
is reported as '^adopted as standard” 
or “adopted as standard, revisions in” 
it is understood that this indicates 
approval of the Annual Meeting for 
reference to letter ballot of the Society, 
The various recommendations so re- 
corded are included in the Society letter 
ballot.^ The actions designated as 
“accepted as tentative” or “accepted 
as tentative, revisions in,” are self- 
evident as indicating acceptance by the 
Society at the Annual Meeting for 
publication as tentative. 

While all of the items on the program 
are recorded under the particular session 
in which they were presented, for con- 
venience in locating actions with respect 
to any particular report, the accompany- 
ing list is presented of all the reports to- 
gether with the page reference where the 
action thereon is recorded. 

1 The letter ballot on recommendations affecting stand- 
ards, distributed to the Society membership, was can- 
vassed on September 16, 1946 and all actions were ap- 
proved. 
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E-2 on Spectrographic Analysis 21 

E-3 on Chemical Analysis of Metals 20 

E-4 on Metallography 20 

E-6 on Methods of Testing. Building Construction 21 

Joint Research Committee on Filler Metal 21 

Joint Research Committee on Effect of Temperature on the Properties of Metals 21 

Joint Research Committee on Boiler Feedwater Studies 29 


Symposiums 

S3miposium on Fatigue 4 

Symposium on Spectroscopic Light Sources 4 

Symposium on Oil Procurement Practices 5 

Symposium on Testing Parts and Assemblies • 6 

Session on Effect of Temperature on the Properties of Metals — Materials for Gas Turbines 11 

Symposium on pH Measurements .' 12 

Symposium on Atmospheric Weathering of Corrosion-Resistant Steels 21 

Symposium on Freezing-and-Thawing Tests of Concrete 21 

Q'trmT\n»cnnm on ’Rp.firinjys. * 3 
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FIRST SESSION-OPENING SESSION; SYMPOSIUM: ON BEARINGS 
Monday, Jttne 24, 8 p.M. 

Session Chairman: President J. R. Townsend 


Opening Remarks by President Townsend 

President J. R. Townsend extended a 
very cordial welcome to the members and 
guests in opening the Forty-ninth Annual 
Meeting of the Society, He stated that 
we have one of the most active programs 
before us at this meeting that the Society 
has ever planned, pointing out tha in 
all there were eight symposiums to be 
presented in addition to the regular 
technical papers and reports. Mr. 
Townsend also commented on the ex- 
hibit that was being held in conjunction 
with the Annual Meeting which he 
pointed out was the largest exhibit ever 
to be held at an Annual Meeting. 

Minutes of Forty • eighth Annual Meeting 

The Minutes of the Forty-eighth, Annual 
Meeting were approved as published in the 1945 
Proceedings? 

Executive Committee 

This report, presented by the Execu- 
tive Secretary C. L. Warwick, covered a 
review of membership, publications, 
finances, new headquarters, and adminis- 
trative matters dealing with committee 
activities and the Society's relations with 
various other organizations. The report 
points out the policies adopted and put in 
effect upon the basis of Study Committee 
recommendations described in the two 

2 SuHimary of Proceedings of the Forty-eighth Annual 
Meeting; Proceedings, Am. Soc. Testing Mats., Vol, 45, 
p. 1 (1945). 


preceding annual reports. The report 
also describes in some detail the new ad- 
ministrative organization of the Society 
which includes the establishment of ad- 
ministrative committees as recommended 
by the Study Committee, Reports on 
the progress of work of the present six 
committees were presented as fallows: 

Administrative Comniittee on Standards 
(formerly Committee E-10) 

Administrative Committee on Research (for- 
.meriy Committee E-9) 

Administrative Committee on Papers and 
Publications (formerly Committee E-6) 
Administrative Committee on Ultimate Con- 
sumer Goods 

Administrative Committee on Simulated Serv- 
■' ice Testing , 

Administrative Committee on District 
Activities 

Symposium on Bearings^ 

The Symposium on Bearings consisted 
of the following five papers: 

Life Testing of Plain Bearings for Automotive 
Engines — E. T. Johnson, presented by the 
author. 

Fatigue Testing Machines for Ball and Roller 
Bearings — Thomas Barish, presented by the 
author. 

Metallographic Observations of Ball Bearing 
Fatigue Phenomena— A. B. Jones, presented 
by the author. 

Fatigue Testing of Roller Bearings — R. 

Gibbons, presented by the author. 

Testing of Bearings Under Controlled Load— 
J. M. Frankland and C. B. Innes, presented 
from manuscript by Mr. Frankland. 

» Issued as separate publication only . 


' SECOND AND FOURTH SESSIONS— SYMPOSIUM: ON FATIGUE , ; : ; : " • 

Second Session 

' Tuesday, June 25, 9.30' A.M.' : 

Session Chairman: R. E. Peterson , ■ 

Fatigue Tests of Rail Steel Under Compressive A Study of the Damaging Effect of Fatigue 
Stress — R. S. Jensen and H. F. Moore, pre- Stressing on X4130 Steel— J. A. Bennett, 
sen ted by Mr. Moore. presented by the author. 
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Fatigue of Wood and Glued Wood Construe-, 
tions— W, C, Lewis, presented from manu- 
, script by the autlior. - ■ 

Properties of Several Plastics and an Aluminum 


Alloy as Obtained from Tests on Four Differ- 
ent Types of Fatigue Machines®^“-William N» 
Findley and Robert L. Sutherland, presented 
from manusc.ript by Mr. Findley. 


Fourth Session 


Tuesday, June 25, 2 .00 p.m. 

Session Chairman: Past President H. F. Moore 


Fatigue Tests on Some Additional Copper 
Alloys — ^Alton F. Anderson, Emery F. Swan, 
and Earl W. Palmer, presented from manu- 
script by Mr. Palmer. 

The Fatigue Properties of Beryllium Copper 
Strip and Their Relation to Other Physical 
Properties — G. R. Gohn and S. M. Arnold, 
presented by Mr. Gohn. 


The Fatigue Strength of Some 'Magnesium Sheet 
Alloys — ^L. R. Jackson and H. J, Grover, 
presented by Mr. Jackson. 

The Notch Sensitivity in Fatigue Loading of 
Some Magnesium-Base and Aluminum-Base 
Alloys — George H. Found, presented from 
manuscript by the author. 


THIRD AND FIFTH SESSIONS-SYMPOSIUM ON SPECTROSCOPIC LIGPIT SOURCES^ 


The Symposium on Spectroscopic 
Light was sponsored by Committee E-2 
on Spectrographic Analysis. In addition 
to the four formal papers, the following 
men presented discussion on various 
phases of the subject: 

R. H. Bell, Lucius Pitkin, Inc. 


Wendell R. Koch, IJ. S. Army Air Corps. 

C. J. Neuhaiis, International Nickel Co. 

E. K. Jaycox, Bell Telephone Labs., Inc. 

J. R. Churchill, Aluminum Company of America. 
M. F. Hasler, Applied Research Laboratories. 
J. L. Saunderson, Dow Chemical Co. 

P. R. Irish, Bethlehem Steel Co. 

L. W. Strock, Saratoga Springs Foundation. 


Third Session 
Tuesday, June 25, 9.30 A.M. 

Session Chairman: E. B. Ashcraft 

The Present Status of Excitation in Spectro- A Study of the Controlled Spectrographic Spark 

graphic Analysis — B. F. Scribner, presented Source — J. H. Enns and R. A. Wolfe, pre- 
from manuscript by the author. sented from manuscript by Mr. Enns. 

Fifth Session 
Tuesday, June 25, 2.00 P.M. 

Session Chairman: H. V. Churchiix 

Some Properties of Gas Discharges Used as Short Period Behavior of Spectroscopic Light 
Spectral Sources— R, C. Mason, presented Sources — G. H. Dieke, presented from manii- 

from manuscript by Miss Mary E. Warga. script by the author. 

FOURTH SESSION— SYMPOSIUM ON FATIGUE 
(Continued from Second Session) 

Tuesday, June 25, 2.00 P.M. 

This session was a continuation of the Sym- the Second Session, 

posium on Fatigue. The papers presented in — — - 

this session are listed previously with those in s« publication of this paper temporarily withheld. 
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FIFTH SESSION—SYMPOSIUM ON .SPECTROSCOPIC LIGHT SOURCES 
(Continued from Third Session) 

Tuesday, June 25 , 2.00 p.M. 

This session was a continuation of the Sym- papers presented in this session are listed pre- 

posium on Spectroscopic Light Sources. The viously with those in the Second Session. 


SIXTH AND ELEVENTH SESSIONS— SYMPOSIUM ONlOIL PROCUREMENT PR ACTICES^ 

This symposium, sponsored by Tech- simple all-inclusive specifications for use 
nical Committee B of Committee D-2, in the purchase of lubricants. Such 
was held in two sessions, the Sixth and specifications would relieve them of con- 
Eleventh Sessions of the Annual siderabie worry attendant to the selection 
Meeting. of satisfactory products. Experience 

Oil procurement practices as used by has shown that the difficulties encoun- 
various industrial concerns vary in com- tered in such specifications except in the 
plexity from very simple cases, where simplest of cases are not easily surmount- 
^Viscosity’^ and ^‘petroleum origin’’ are able because of the lack of correlation 
the only requirements, to very complex between laboratory test conditions and 
ones incorporating laboratory tests which those encountered in setting up field serv- 
take a year to complete and field trials ice. Realizing that complete purchase 
as extensive as twelve months before the specifications for oils could not generally 
products under consideration tan be be available for many years, the oil and 
evaluated. Such wide variations in pro- consumer interests cooperatively de- 
curement practices are to be expected veloped oil procurement practices which 
when it is realized that the oils are used have made it possible for the con- 
to lubricate simple line shafting, in one sumer to select the best products for a 
case and delicate precision machines, in given job. The practices of several com- 
the second. panics were described by the authors 

It is natural for consumers to ask for participating in the Symposium. 


Sixth Session 

Tuesday, June 25 , 2.00 p.M. 

Session Chairman: W. S. James 
Session Secretary: J. C. Geniesse 

Introduction— T. A. Boyd, presented by the Eastman Kodak Purchase Specifications for 
author. Lubricants— C. L. Pope, presented from 

Purchasing of Petroleum Oils by the General manuscript by the author. 

Electric Co.-^Christian Dantsizen, presented Airline Oil Procurement Practices — ^J. . ; T. 
by the author. Hendren, presented by the author. 
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Eleventh Session 
Wednesday, Jttne 26, 2.00 p.M. 

Session Co-Chairmen: T. A. Boyd; W. S. James 
Session Secretary: J. C. Geniesse 

A Recommended Practice for tlie Purchase of Oil Procuremen t Practice in an Automobile Plant 
Lubricants — C. Voshell, presented from — -J. L. McCloud, presented from manuscript 

manuscript by the author. by the author. 

U, S. Navy Oil Procurement Practices — 

James Costello, presented from manuscript 
by the author. 

SEVENTH SESSION— TECHNICAL PAPERS ON METHODS OF TESTING 
Tuesday, June 25, 8.00 p.M. 

Session Chairman: P. G, McVetty 

A Study of the Geometry of the Tension-Impact Brinell Hardness of Gray Cast Iron — ^J. T. 
Specimen — N. A. Kahn and E. A. Imbembo, MacRenssie, presented from manuscript by 
presented by Mr. Imbembo. the author, 

A Study of the Tension Test^ — Earl R. Parker, An Automotive Tire Fatigue Machine — ^J. N. 
Plarmer E. Davis, and Alan E. Flanigan, pre- Kenyon, a progress report presented from 

sented from manuscript by Mr. Parker. manuscript by the author on work originally 

A Method for Predicting Failure of Metals^ — published in A.S.T.M. Bulletin No. 136, 

P. E. Cavanagh, presented by the author. October, 1945, p. 9. 

EIGHTH AND TENTH SESSIONS— SYMPOSIUM ON TESTING OF PARTS AND 

ASSEMBLIES^ 

Sponsored Jointly hy A.S.TM* and the Society for Experimental Stress Analysis 

Eighth Session 
Wednesday, Juke 26, 9.30 A.M. 

Session Chairman: L. L. Wyman 

The Fatigue Strength of Lap Joints in Some Endurance— A Criterion of Design— W, T. 

Magnesium Sheet Alloys— H, J. Grover and Bean, presented from manuscript by the 
L, R. Jackson, presented by Mr. Grover, author. 

Fatigue Characteristics of Magnesium Castings Pneumatic Fatigue Machines^® — F. B. Quinlan, 

— G. H. Found, presented from manuscript presented from manuscript by the author, 
by the author. 

Tenth Session 

Wednesday, June 26, 1.30 p.m. 

Session Chairman: Charles Lipson 

Automotive Rear Axles' and Means of lmprov- Stress Concentration the Fatigue Strength' 

ing Their Fatigue ' Resistance— Oscar J. : of Engine Components— Charles W. Gadd, 
Horger and C. Lipson, presented by H. R, Andrew Zmuda, and N. A. Ochiltree, pre- 
Neifert. sented from manuscript by Mr. Gadd. 


4 ASTM Bulletin, No. .143, December,' 194<5. 


Also pubiislied in ' Pr&ceedinsSj p . 846. 
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NINTH SESSION— TECHNICAL PAPERS ON CEMENT AND CONCRETE 
Wednesday, June 26, 9.30 a.m. 

Session Chairman: K. B. Woods 


A Study d! Durability and Void Characteristics 
of Concretes Containing Admixtures, . Prin- 
cipally of the Air-Entraining Types — F. B. 
Hornibrook, Howard Freidburger, and Albert 
Litvin, presented from manuscript by Mr. 
..Hornibrook, 

Permeability of Brick-Mortar Assemblages — 
John W. McBurney, M. Arnold Copeland, and 
Russel C. Brink, presented from manuscript 
by Mr. McBurney. 

The Influence of Gypsum on the Hydration and 
Properties of Portland-Cement Pastes — 
William Lerch, presented by the author. 


Modulus of Elasticity of Aggregates and Its 
Effect on Concrete — A. LaRue, presented 
from manuscript by the author. 

The Use of the Dynamic Modulus of Elasticity 
in Predicting the 28-Day Flexural Strength 
of Concrete— -E. F. Preece, presented by title 
only. 

A Method of Particle Size Determination of 
Soils, Cement, etc., by Means of a Chaino- 
matic Specific Gravity Balance — E. V. 
Barrett, presented by the author. 

Concrete Flooring with Asphalt Admixtures^*— 
F. 0, Anderegg, presented by the author. 


TENTH SESSION— SYMPOSIUM ON TESTING OF PARTS AND ASSEMBLIES 
(Continued from Eighth Session) 

WEDNESD.AY, June 26, 9.30 A.M. 


This session was a continuation of the Sym- 
posium on Testing of Parts and Assemblies.- 
The papers presented in this session are listed 
previously with those in the Eighth Session. 


Paper: 

Investigation of Materials for Marine Propellers*® 
— William C. Stewart and W. Lee Williams, 
presented from manuscript by Mr. WilHams. 


ELEVENTH SESSION— PETROLEUM PRODUCTS; SYMPOSIUM ON OIL 
PROCUREMENT PRACTICES 


(Continued from Sixth Session) 
Wednesday, June 26, 2.00 p.m. 


Committee D-2 on Petroleum Products and 
Lubricants: 

Report presented by T. G. Delbridge, vice- 
chairman, and the following actions taken: 

Accepted as Tentative: 

Test for Sulfated Residue from New Lubricating 
Oils (formerly Emergency Standard ES-43a) 
Test for Olefins and Aromatics in Petroleum 
Distillates (formerly Emergency Standard 
■,yES-45a) ^ ;■ 

Test for Oxidation Stability of Aviation Gaso- 
line (Potential Gum Method) 

Accepted as Tentative^ Revisions in: 

Test for , Sulfur in Petroleum Oils by Lamp 
Method (D 90- 41 T) 

Test for Kinematic Viscosity (D 445 - 42 T) . 
Test for Sediment in. Fuel Oil by Extraction 
{D473-38T) 

Test for Aniline Point and Mixed Aniline Point 
of Petroleum Products (D 611- 44 T) 


Test for Knock Characteristics of Aviation Fuels 
(D 614-44 T) 

Test for Acid and Base Numbers of Petroleum 
Products . by Color-Indicator Titration 
(D 663 - 44 T) 

Test for Acid and Base Numbers of Petroleum 
Products by Electrometric Titration (D 
664 - 44T) 

Test for Rust-Preventing Characteristics of 
Steam-Turbine Oil in the Presence of Water 
(D665 - 44T) 

Method of Analysis of Petroleum Sulfonates 
(D855~45T) 

Test for Burning Quality of Kerosine Oils 
(D 187-39) 

Adopted as Standard: 

Test for Ash Content of Petroleum Oils 
(D482-43T) 


4^ ASTM Buileti’n, No. 143, December, 1946. 
Published only in Hkle Proceedings, see p. 836. 



8 


Summary of Proceedings 


Test for Oxidation Stability of Gasoline 

■ '(D525-42.T) , 

Adopted as Standard , Revisions in: 

Test for Distillation of Gasoline, Naphtha, 
Ken ‘sine, and Similar Petroleum Products 
(D 86-45), „ , 

Test for Flash and Fire Points by Means of 
Open Cup (D 92 - 45) 

Test for Flash Point by Means of the Pensky- 
Martens Closed Tester (D 93 - 42) 

Test for Water in Petndeum Products and 
Cther Bituminous Materials (D95-40) 

Test for Water and Sediment in Petroleum 
Products by Means of Centrifuge (D 96 - 40) 

Test for Carbcn Residue of Petroleum Products 
(Conradson Carbon Residue) (D 189-41) 

Test for Knock Characteristics of IMotor Fuels 
(D 357 -45) 

Test for Gum Content of Gasoline (D 381 - 44) 

Editorial Changes Accepted in: 

Test for Sulfur in Petroleum Cils by Bomb 
Method (D 129 - 44), comprising the addition 
of the following note to Section 1 on Scope: 
“Note. — For the determination of sulfur in 
additive concentrates or lubricating oils known 
to contain or suspected of containing addi- 
tives, Method D 894 - 46 T, Test for Sulfur in 
Lubricating Oils Containing Additives and in 
Additive Concentrates by Bomb Method, 
is to be used.” 

Test for Acid Heat of Gasoline (D 481 -39), 
comprising the addition of the following note 
to Section 1 on Scope: “Note.— A chemical 
method such as bromine titration or other 
suitable method is preferred to the acid heat 
method for determining reactive unsatura- 
tion. It is, therefore, recommended that 
specifications be written in terms of olefin con- 
tent rather than acid heat. It is anticipated 
that the acid heat method will eventually be 
discontinued w^hen it is no longer widely used 
in specifications.” 


Accepted for Publication as Information Only: 

Test for Sulfated Residue of Lubricating Oils 
(Indirect .Acid-Oxidation Method) 

Test fur Phosphorus in Organic Materials (Acid- 
Oxidation Method) 

Test for Aromatic Hydrocarbons in Mixtures 
with Naphthenes and Paraffins by Silica 
Gel Adsorption 

It was announced that the recommendation 
appearing in the report as preprinted for publica- 
tion as tentative of the Method of Test for 
Foaming Characteristics of Viscous Petn leum 
Oils had been withdrawn by the committee but 
that, after a minor revision in title and statement 
of scope, this metlu d would t)e submitted to the 
Society through the Standards Cemmittee sub- 
sequent to the Annual Meeting. 

The committee also withdrew from the report 
the Proposed Method of Test for Sulfur in 
Lubricating Oils and in Additive Concentrates 
by Bomb Method which apfieared in the pre- 
printed report as information only. It was 
aniKmneed that this method, after minor revi- 
sion, would be submitted to the Standards Com- 
mittee for publicatkm as tentative subsequent 
CO the Annual Meeting. 

The recommendation for the immediate adop- 
tion of revisions in the Standard Method of 
Test for Viscosity by Means of the Saybolt 
Viscosimeter (D 88 - 44) was withdrawn by the 
committee from the report. 

It was also announced that the committee 
would present to the Standards Committee after 
the Annual Meeting a new Tentative Method of 
Test for Normal Pentane and Benzene In- 
solubles in Used Lubricating Oils and a new 
Tentative Method of Test for Oxidation Char- 
acteristics of Steam Turbine Oil, 

Symposium on Oil Procurement Practices 

This was a continuation of the Symposium 
on Oil Procurement Practices. The papers 
presented in this session are listed previously 
with those in the Sixth Session. 


' TWELFTH SESSION— MARBURG LECTURE; AWARD OF^ DUDLEY MEDAL ■ 
Wednesday, June 26, 4.30 p.M, 

Session Chairman: President J. R. Townsend 

In introducing the Twentieth Marburg fields outstanding developments in the 
Lecturer, President Townsend recalled promotion of knowledge of engineering 
that the purpose of the lecture was to materials. Established as a means of 
have described at annual meetings of emphasizing the importance of one of 
the Society by leaders in their respective the functions of the A.S^T.M. in the pro- 
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motion of knowledge of materials, the 
lecture honors and perpetuates the 
memory of Edgar Marburg, first Secre- 
tary of the Society, who placed its work 
on a firm foundation and through his de- 
velopment of the technical programs 
brought wide recognition to the A.S.T.M. 
as a forum for the discussion of properties 
and tests of engineering materials. 

President Townsend then presented 
Mr. J. J. Mattiello, Hilo Varnish Corp., 
who delivered the lecture on ^Trotective 
Orga;nic Coatings as Engineering Mate- 
rials.’^® 

President Townsend, in expressing 
appreciation to Mr. Mattiello for his in- 
structive and very interesting lecture on a 
subject of particular interest to the 
A.S.T.M., presented to him on behalf of 
the Society, the Edgar Marburg Lecture 
Certificate. 

Award of Charles B. Dudley Medal: 

The chairman recognized L. L. 
Wyman, chairman of the Committee on 
Award of the Charles B. Dudley Medal. 
Mr. Wyman presented as the recipient of 
the Nineteenth Award of the Dudley 
Medal, Mr. H. R. Copson, Research 
Chemist, Research Laboratories, The 
International Nickel Co., Inc., for his 
paper on ^^A Theory on the Mechanism 
of Rusting of Low-Alloy Steels in the 
Atmosphere” published in the 1945 
Proceedings. Mr. Wyman stated that 
this annual award of the Dudley Medal 
is made to the author of a technical paper 
of outstanding merit which is considered 
as constituting an original contribution 

s Seep. 493. 


on research in engineering materials. 
The Award commemorates the name of 
the first president of the Society, Charles 
B. Dudley, and it is also intended as a 
means of stimulating research in mate- 
rials and of recognizing meritorious con- 
tributions to the Society. On behalf of 
and as the representative of the Society, 
President Townsend then made the 
Nineteenth Award of the Charles B. 
Dudley Medal to Mr. Copson. 

In accepting the medal Mr. Copson 
expressed sincere appreciation of the 
honor conferred upon him by this award. 

Richard L, Templin Award: 

The chairman then announced that 
the first Richard L. Templin Award has 
been awarded to R. C. Brumfield, U. S. 
Naval Test Station, Pasadena, Calif., 
for his paper on ^*A Sulfur Print Method 
for the Study of Crack Growth in the Cor- 
rosion-Fatigue of Metals,” published in 
the 1945 Proceedings. Due to Mr. Brum- 
field’s inability to attend the Annual 
Meeting, the award will be at a District 
Meeting to be held in California sometime 
in the fall of 1946. The chairman ex- 
plained that the award was established in 
1945 when the Executive Committee re- 
ceived a gift from Richard L. Templin to 
be used for a prize award for papers de- 
scribing new testing methods and appara- 
tus. The purpose of the award is to stim- 
ulate research in the development of 
testing methods and apparatus, to encour- 
age the presentation to the Society of pa- 
pers describing new and useful testing 
procedures and apparatus, and to recog- 
nize meritorious efforts of this character. 


ANNUAL MEETING DINNER 
Wednesday, June 26 

Toastmaster: Thomas L. Mayer, Acting Chairman, Buffalo Committee 

The annual meeting dinner, sponsored Arrangements, was attended by 329 
by the Buffalo General Committee on members and guests. 
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At the conclusion of the dinner Mr. 
Mayer extended a cordial welcome to the 
Society on behalf of the members in the 
Western New York — Ontario District, 
He stated that the District Committee 
was indeed pleased to serve as host to the 
Society membership on this occasion of 
its Forty-ninth Annual Meeting, and 
expressed the hope that it would prove 
to be one of the most successful meetings 
of the Society. 

Election of Officers: 

The toastmaster than presented Presi-, 
dent Townsend who recognized W. H. 
Finkeldey, chairman of the Committee of 
Tellers, who reported results of the letter 
ballot on election of officers. Of the 170? 
ballots cast, the results were as follows 

For President, to serve for one year: 

Arthur W. Carpenter, 1702 votes. 

For Vice-President, to serve for two years: 

Richard L. Templln, 1702 votes. 

For members of the Board of Directors, h 
serve for three years : 

A. G, Ashcroft, 1702 votes. 

A. T. Chameroy, 1701 votes. 

J. H, Foote, 1699 votes. 

F. E. Riclmrt, 1702 votes. 

L.H. Winkler, 1702 votes. 

The President introduced the newly 
elected members of the Board of Direc- 
tors, requesting that they rise as their 
names were called. 

The President then introduced the 
Vice-President-Elect, Richard L. 
Templin, who expressed appreciation for 
the honor conferred on him and for the 
opportunity given by his election for 
further service to the Society. 

The President then introduced the 
President-Elect, Arthur W. Carpenter. 
Mr. Carpenter expressed sincere appreci- 
ation of the honor of his election and 
stated that he realized the responsibilities 
of the office and that to the best of his 
ability he would perform the duties of 
the office to which he had been elected. 
Mr. Carpenter stated that the coming 


year may prove to be one of the most im- 
portant in the history of the Society as 
a result of the many developments result- 
ing from the war and the need for 
establishing plans and programs for the 
future. 

Presidential Address: 

The toastmaster then presented the 
President, J. R. Townsend, who delivered 
the annual presidential address entitled 
‘‘The Challenge of National and Inter- 
national Affairs to the Engineer.’’^® 

Award of Honorary Memberships: 

President Townsend then made the 
award of honorary memberships to the 
following six members of the Society 
as they were presented by the Executive 
Secretary, C. L. Warwick: 

W, H. Fulweiler C. S. Reeve 

J. 0. Leech {in absentia) J. J. Shuman 

J. S. Miller F. N. Speller 

The Executive Secretary reviewed briefly 
the accomplishments of the recipients 
and directed particular attention to the 
contributions or services that they had 
rendered to the Society. Each of the 
recipients of lionorary membership in 
turn expressed appreciation of the honor 
conferred upon him. 

Recognition of Forty-Year Members: 

The toastmaster recognized the Execu- 
tive Secretary, C. L. Warwick, who an- 
nounced that in accordance with action 
taken by the Executive Gommittee, 
certificates were being awarded this year 
to eight individuals and eleven companies 
who had attained 40 years of membership 
in the Society. Presentation of the 
certificates was then made by the Execu- 
tive Secretar}^ to the following: ; 

Dufl A. 'Abrams,. Consulting Engineer, New 
. York, N. Y. ■ 

American Bureau of Shipping, New York,, N. Y. 
American Steel Foundries, East Chicago, Ind, 

, See p. 36 . . 
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Anaconda Copper Mining Co., Anaconda, Mont. 

Cornell University Library, Ithaca, N. Y. 

Oliver C. Cromwell, Former Assistant to Chief 
of Motive Power and Equipment (Retired), 
Baltimore & Ohio Railroad Co., Balti- 
more, Md.' 

Charles E. Fuller, Professor Emeritus of Theo- 
retical and Applied Mechanics, Massachu- 
setts Institute of Technology, Cambridge, 
Mass. 

Addison F. Holmes, Associate Professor of Ap- 
plied Mechanics, Massachusetts Institute of 
Technology, Cambridge, Mass. 

The Iron Age, New York, N. Y. 

Flarry McCormack, Professor of Chemical En- 
gineering, and Director, Department of 
Chemical Engineering, Illinois Institute of 
Teclinolog>q Chicago, 111. 

Norfolk and Western Railway Co., Roanoke, Va. 

Pittsburgh Plate Glass Co., Paint and Varnish 
Division, Milwaukee, Wis. 


Ernest John Russell, Architect, Mauran, Russell,' 
Crowell & Muligardt,[St. Louis, Mo, 

Earl B. Smith, Professor of Mechanical En-, 
gineering, College of the City of New York, 
New Y^ork, N. Y. 

Southern Pacific Co., San Francisco, Calf. 
Richard S. Suydam, President, M. B, Suydam 
Paint Co., Pittsburgh, Pa. 

United States Testing Co., Inc., Hoboken, N. J. 
University of Kansas Library, Lawrence, Kan, 
University of Melbourne Library, Melbourne, 
Australia 

Address by B, K, Sandwell: 

The President then presented O. W. 
Ellis of the Ontario Research Founda- 
tion, who introduced the guest speaker, 
B. K. Sandwell, Editor of Saturday Nighty 
Toronto, Ontario, who presented an 
address entitled Testing Time for 
Canada.*’ 


THIRTEENTH AND SEVENTEENTH SESSIONS-ON EFFECT OF 
TEMPERATURE ON THE PROPERTIES OF METALS 


Thirteenth Session —Materials for Gas Turbines^ 
Thursday, June 27, 9.30 A.M. 

Session Chairman: N. L. Mochel 


Heat-Resisting Metals for Gas Turbine Parts— 
Howard C. Cross and Ward F. Simmons, pre- 
sented from manuscript by Mr. Cross. 
High-Temperature Alloys Developed for Air- 
craft Turbosuperchargers and Gas Turbines 
— J. W. Freeman, E. E. Reynolds, and A. E. 
White, presented from manuscript by Mr. 
Freeman. 

Chromium-Base Alloys— Robert M. Parke and 


Frederick P. Bens, presented from manuscript 
by Mr. Parke. 

Metallurgy of High-Temperature Alloys Used 
on Current Gas Turbine Designs — F. S. 
Badger, Jr. and W. O. Sweeney, presented 
from manuscript by Mr. Badger. 

Alloys and Ceramic Materials for High-Tem- 
perature Service at Battelle Memorial lnsti- 
tute — a talk delivered by Howard C. Cross. 


Seventeenth Session —General 
Thuesday, June 27, 8.00 p.m. 
Session Chairman: J. W. Bolton 


The Effect of Carbide Spheroidization Upon the 
Rupture Strength and Elongation of Carbon- 
Molybdenum Steel— S. H. Weaver, presented 
by the author. . 

Resistance of Iron-Hckel-Chromium Alloys to 
Corrosion in Air at 1600 to 2200 F, — lAnton 
de S, Brasunas, James T. Gow, and Oscar E. 
Harder, presented from manuscript by Mr. 
Harder.® 


6 Also included as part of the Symposium on Materials 
for Gas Turbines issued as separate publication. 


Compressive Properties of Aluminum Allojr 
Sheet at Elevated Temperatures— Alan E. 
Flanigan, Leslie F. Tedsen, and John E. Dorn, 
presented by W, A. Reich,® 

Tensile and Creep Strengths of Some Magne- 
sium-Base Alloys at Elevated Temperature— - 
A. A. Moore and John C. McDonald, 
presented by Mr. McDonald.® 

Influence of Strain Rate and Temperature on 
the Mechanical Properties of Monel Metal 
and Copper— D. J. Me Adam, Jr., G. W. Geil, 
and D. H. Woodard, presented by L. J. 
Waldron. 
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FOURTEENTH AND FIFTEENTH SESSIONS—SYMPOSIUM ON pH MEASUREMENTS® 

Fourteenth Session 
THtmSDAY, JtTNE 27, 9.30 A.M. 

Session Chairman: D. S. McKinney 


Historical Review of the Hydrogen Electrode 
and the Calomel Cell in the Measurement of 
Hydrogen Ions — C.N. Myers, presented from 
manuscript by the author. 

Definition of pH and Extension of the Acidity 
Scale to Non- Aqueous Systems — J. C. Warner, 

D. S, McKinney, and J. P. Fugassi, presented 
from manuscript by Mr. McKinney. 

Fifteenth Session 
Thursday, June 27, 2 .00 p.m. 


Standard Buffer Solutions—G. G. Manov, pre- 
sented from manuscript by the author. 

Recent Advances in the Theory and Use of 
Glass Electrodes for pH Determinations— 
M. Dole, presented from manuscript by the 
author. 


Session Chairman: D. S. McICinney 


Precautions to be Observed in Making Colori- 
metric pH Determinations~“F. R. McCrumb, 
presented from manuscript by the author. 

Acid-Base Equilibria in Aqueous and Non- 
aqueous Solutions — Martin Kilpatrick, pre- 
sented from manuscript by the author. 


The Potentiometric Estimation of Hydrogen 
Ion Concentration in Nonaqueous Media — 
L. Lykken, presented from manuscript by 
the author. 


SIXTEENTH SESSION— FERROUS METALS, PAINTS, AND MISCELLANEOUS 

SUBJECTS 

Thursday, Junp: 27, 2.00 p.m. 

Session Chairman: L, B. Jokes 


Corjmiittee A-1 on Steel: 

Report presented by N. L. Mochel, chairman, 
and the following actions taken: 

Accepted as Tentative: 

Spec, for Carbon-Steel Plates, Low and Inter- 
mediate Tensile Strengths of Structural 
Quality for Plates 2 in. and Under in Thick- 
ness, as a revision and consolidation of Stand- 
ard Specifications AlO and A78, which latter 
are to be discontinued. 

Spec, for Carbon-Silicon Steel Plates over 2 in. 
in Thickness of Intermediate Tensile Strength 
for Machine Parts and General Construction 
Spec, for Heat-Treated Alloy-Steel Bars 
Spec, for Rolled Carbon-Steel Locomotive 
Frames 

Spec, for Carbon-Chromium Bali- and Roller- 
Bearing Steels (Formerly Emergency Speci- 
fications ES- 5a). 


Accepted as Tentative, Revisions in: 

Spec, for Seamless Alloy-Steel Pipe for High- 
Temperature Service (A 158- 44 T) 

Spec, for Alloy-Steel Bolting Materials for High- 
Temperatiire Service (A 193 - 45 T) 

Spec, for Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for High-Temperature Service 
(A 206- 44 T) 

Spec, for Alloy-Steel Castings Suitable for 
Fusion Welding for High-Temperature Serv- 
ice (A217-44T) 

Spec, for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service 
(A271-44T) 

Spec, for Mild- to Medium-Strength Carbon- 
Steel Castings for General Application 
(A 281 - 45 T), to be redesignated as Tent, 
spec. A 27 

Spec, for High-Strength Steel Castings for 
Structural Purposes (A 282 - 45 T), to be re- 
designated as Tent. Spec. A148 

Spec, for Steel Music Spring Wire (A 228-41) . 
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Adopted as Siafdard: 

Spec, for Garbon-Steel Hates of Flange and 
Firebox Qualities, Low and Intermediate 
Tensile Strengths, 2 in. and Under in Thick- 
ness,^ as a revision and consolidation of 
Standard Specifications A 70 and A 89, which 
latter are to be discontinued. 

Spec, for Heat-Treated Carbon- and Alloy-Steel 
Track Bolts and Nuts, (A 183 - 40 T), with 
the following additional change:"^ 

Section 4 (5). —Change to read as follows: 
^^Q}) Carbon and manganese determinations 
shall be made of each melt of bessemer steel, 
and determinations for phosphorus and sulfur 
of each melt of bessemer free-cutting and 
sulfurized nut steel. For other grades of 
bessemer steel, determinations for phosphorus 
and sulfur shall be made at intervals not 
greater than each ten blows, and the next 
previous determination may be reported.” 

Adopted as Standard^ Revisions in: 

Spec, for Open-FIearth Carbon-Steel Rails 
(A 1 - 39), with the following additional 
changes:^ 

Section 1. — Change from its present form 
to read as follows: “1. These specifications 
cover open-hearth carbon-steel standard Tee 
rails of nominal weights of 61 lb. per yd. and 
over. Under special arrangement between 
the purchaser and the manufacturer, rails of 
nominal weights of 50 to 60 lb. per yd. may 
be furnished to the requirements of these 
specifications for rails of 61 to 69 lb. per yd. 
except as provided in Section 11(a).” 

Table L — Change the present column head- 
ing giving weight in pound per yard of 50-69 
to read “61-69” with the carbon content, to 
read “0.55 to 0.68 per cent.” 

Section ii.—The first line in the Table 
giving Height of Drop, ft., for the 50 to 60-lb. 
rails, incL, is to be placed in parentheses with 
a footnote tending as follows: “This require- 
ment applies under the arrangement referred 
to in Section 1.” 

Section 27.— iVdd a new Section 27 on con- 
trolled cooling adopted from the A.R.E.A. 
Recommended Practice with editorial modifica- 
tions. 

Spec, for Low-Carbon Steel Joint Bars (A3-- 
33), comprising the following changes:^ 

Section 4 (6).— Change to read as follows: 
“(&) Carbon and manganese determinations 
shall be made of each melt of bessemer steel, 

These recominendations, not preprinted, were 
accepted by unanimous consent, subject to favorable letter 
ballot of Committee A-1, which ballot has been favorable 
and the results are given in the report of the committee, 
seep. 104. , ' 


and determinations for phosphorus and sulfur 
shall be made at intervals not greater than 
each ten blows, and the next previous de- 
termination may be reported.” 

Spec, for Steel for Bridges and Buildings (A 7 — 
42), with the following additional changes:^ 

Section 1. — Change from its present form 
to read as follows: “These specifications cover 
carbon-steel shapes, plates and bars of struc- 
tural quality for use in the construction 
of bridges and buildings and for general struc- 
tural purposes.” 

Add a note referring to the classification by 
size of flat-rolled carbon-steel as showm in the 
Steel Products Manual of the American Iron 
and Steel Institute with the A.I.S.L table ac- 
companying the note. 

Section 2. — Add the words “sheet, strip” 
and add a new Paragraph {d) to read as fol- 
lows: “(if) Hot-roiled sheets and strip speci- 
fied to these specifications shall be furnished, 
unless otherwise specified, to grade C, mini- 
mum tensile strength 55000 psi, as prescribed 
in the Tentative Specifications for Light Gage 
Structural Quality Flat Hot-Rolled Carbon 
Steel (0.2499 and 0.1874 in. to 0.0478 in. in 
Thickness) (A.S.T.M. Designation: A 245).” 
Section 9 {h). — Change to read as follow^s. 
“(Z>) Plates ^ in. in thickness, shapes less 
than 1 sq. in. in cross-section, and bars, other 
than flats, less than | in. in thickness or 
diameter need not be subjected to tension 
tests.” 

Spec, for Structural Nickel Steel (A 8 -39), 
with the following additional changes:^ 

Section L — Change to read as follow^s: “1. 
These specifications cover high-strength struc- 
tural nickel steel shapes, plates, and bars up 
to 1| in., inclusive, in thickness; intended 
primarily for special use in main stress- 
carrying structural members.” 

Spec, for Wrought Steel Wheels for Electric 
Railway Service (A 25 -41),^ comprising the 
following changes: 

Section 2.— Reletter Paragraphs (i) and (/) 
as (n) and {o) and change to read as follows: 

(n) Thickness of Plate, — ^The dimensions of 
the plate may vary but shall not be less than 
that shown in the Table of Standard Designs, 
Appendix II. 

(o) Dia^neler of Huh,— Tht thickness of w^all 
of finished bored hub shall not be less than 
that shown in the Table of Standard Designs, 
Appendix 11. The outside diameter shall not 
exceed that specified by more than | in. 
The thickness of the hub wall in any wheel 
shall not vary more than | in. at any two 
points eduidistant from the face of the hub. 
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Tahh /.-—Cliange items {i) and {j) on 
Thickness of Plate and Diameter of Hub, 
respectively, in accordance with the above 
revised Paragraphs (i) and (j) of Section 8. 

Add the following as a new 
Paragraph (a), relettering the remaining 
paragraphs accordingly : ^‘(«) Wheels shall be 
rough bored and faces of hubs machined. 
The contour of tread and llange shall be as 
specified. 

Section 10 (a). — Change from its present 
form to read as follows : 

10. {a) The date (month and year), name 
or brand of the manufacturer, manufacturer’s 
serial number, and melt number shall be legi- 
bly stamped on the back face of the rini ap- 
proximately i in. from the inner edge of the 
rim. The height of the characters shall not 
be less than | in, for hot stamping nor | in. 
for cold stamping. 

Appendices. — ^Add the following as Ap- 
pendices .1 and II: 

Appendix L Spun Steel Wheels: Spun 
steel wheels are usable for electric railway 
service similar to wrought steel wheels, pro- 
viding the spun wheels conform to the fore- 
going specifications for wa'ouglit steel wheels. 

Spun steel wheels must be manufactured 
in a manner capable of producing and main- 
taining high centrifugal fluid compression 
forces by a high rate of spinning during the 
entire period in which solidification of metal 
takes place. 

Appendix 11. Wheel Design: The following 
Tables of Dimensions of Standard Steel 
Wheel Designs, adopted July 30, 1942, by 
the American Transit Engineering Associa- 
tion, are hereby made a part of Specifications 
A 25 -46. The tables are reprinted wdth 
permission. (Insert corrected and expanded 
Tables I and II from EA- A 25a) 

Spec, for Boiler and Firebox Steel for Locomo- 
tives (A 30-44) 

Spec, for Welded and Seamless Steel Pipe 
(A 53 -44) 

Spec, for Multiple-Wear Wrought Steel Wheels 
(A 57 -44), the revised specifications to re- 
place Standard A 57 and Standard A 244. 

Spec, for Steel Tie Plates (A 67 - 33), with the 
following additional changes:^ 

Section 4 (b). — Change to read as follows : 

**(b) Carbon and manganese determinations 
(and copper when specified) shall be made of 
each melt of bessemer steel, and determina- 
tions for phosphorus and sulfur shall be at 
intervals not greater than each ten blows, 
and the next previous determination may be 
reported.” 


Spec, for Low-Carbon Steel Track Bolts :and 
Nuts (A 76 -33), comprising the following 

changes:^ 

Section 4 (b). — Change to read as follows: 
*‘(6) Carbon and manganese determinations 
shall be made of each melt of bessemer steel, 
and determinations for phosphorus and sulfur 
of each melt of bessemer free-eutting and 
sulfurized nut steel For other grades of 
bessemer steel, determinations for phosphorus 
and sulfur shall be made at intervals not 
greater than each ten blows, and the next 
previous determination may be reported.” 

Spec, for Lap-Welded and Seamless Steel and 
Lap-Welded Iron Boiler Tubes (A 83 - 44) 

Spec, for Structural Silicon Steel (A 94 -39), 
with the following additional changes:^ 

Section J. — ^Change to read as follows: 
‘T. These specifications cover special high- 
strength structural steel shapes, plates, and 
bars intended primarily for use in main stress- 
carrying structural members.” 

Spec, for Forged or Rolled Steel Pipe Flanges, 
Forged Fittings, and Valves ancl Parts for 
High-Temperature Service (A 105 -40), com- 
prising the following changes:’^ 

Section 4 Mamifactming Practice.— Chojigt 
Paragraph {h) to read as follows: ^^The mate- 
rial shall be forged by hammering, pressing, 
rolling, extruding, or upsetting and shall be 
brought as nearly as practicable to the finished 
shape and size by hot working and shall be so 
processed as to cause metal flow during the 
hot working operation in the direction most 
favorvable for resisting the stresses encoun- 
tered in service.” 

Spec, for Commercial Quality Hot-Rolled Bar 
Steels (A 107 -42) 

Spec, for Commercial Cold-Finished Bar Steels 
and Cold-Finished Shafting (A 108 - 36) 

Spec, for Structural Steel for Locomotives and 
Cars (A 113 -42), with the following addi- 
tional changes:^ 

Section 1. — Change to read as follows: 
These specifications cover carbon-steel shapes, 
plates, (except boiler and firebox plates) and 
bars intended primarily for use in locomotives 
and car construction.” 

Section 7 (h). — Change to read as follows: 

; "'“(6) Plates A in. in thickness, /shapes less, 
than 1 sq, in, .in crGss-section,.and bars other. 

■ than ■ flats, less than in. in .'thickness or 

■ - diameter, n.eed not. be,.subjected .to tension 
tests.” 

Spec, for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel Pipe 
for Ordinary Uses (A 120 -44) 

Spec, for Open-Hearth lion Plates of Flange 
Quality (A 129 - 39) 
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Spec, for Structural Steel for Ships (A 131 - 39) 
Spec, for Electric-Resistance-Weided Steel Pipe 
„ (A 135 -44) 

Spec, for Electric-Fusion-Welded Steel Pipe 
(Sizes S in. to but not Including 30 in.) 
(A 139 -42) 

Spec, for Seamless Low-Carbon and Carbon- 
Molybdenum Steel Still Tubes for Refinery 
. .Service (A 161 - 44) . 

Spec, for Electric-Resistance-Welded Steel and 
Open-Hearth Iron Boiler Tubes (A 178 -44) 
Spec, for Seamless Cold-Drawn Low-Carbon 
Steel Heat-Exchanger and Condenser Tubes 
(A 179 - 44) 

Spec, for Forged or Rolled Steel Pipe Flanges 
for General. Service (A 18 L- 42), 

Section 4 (b ). — Change to read the same 
as recommended above for Section 4 (b) of 
Specifications A 105. 

Spec, for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and 
Parts for High-Temperature Service (iV 182 - 
44), 

Section 4 (b). — Change to read the same as 
recommended above for Section 4 (b) of 
Specifications A 105. 

Spec, for One- Wear and Two-Wear Wrought 
Steel Wheels (A 186 -39), comprising the 
following changes F 

Change to read ^‘Standard Specifica- 
tions for Ohe-.Wear Wrought Steel Ulieels.” 

Section L — Change to read as folio W’s: 
“1. These specifications cover Class 1 and 2 
one-wear wrought steel wLeels for use under 
cars in freight and industrial service.” 

Section Pg . — Change the second sentence by 
deleting the phrase: ‘Tor one-wear wEeels or 
2 in. for two-wear wheels.” 

Make the necessary editorial changes in other 
sections deleting all reference to two-ivear wheels. 

Section 10. — ^Insert a new Paragraph (b) 
to read as follows, relettering the present 
Paragraphs (6) and (c) as (c) and (d): 

(b) Class 1. Rolled to Finish Wheels . — 
In Class 1 wheels the contour of tread and 
flange of the wheels may be as rolled or 
machined at the option of the manufacturer. 

Class 2. Machine-Finished Wheds . — ^In 
Glass 2 wheels the contour of the tread and 
flange of all wheels furnished must be 
machine finished. 

Spec, for Carbon- and Alloy-Steel Nuts for 
Bolts for High-Pressure and High-Tempera- 
; tiirc' Service (A 194 - 40) 

Spec, for Seamless Cold-Drawn Intermediate 
. Alloy-Steel Heat-Exchanger and Condenser 
Tubes , (A 199 -44) 

Spec . for Seamless Intermediate Alloy-Steel 
Still Tubes for Refinery Service (A 200 - 44) 


Spec, for Carbon-Silicon Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded Boilers and 
Other Pressure Vessels (A 201—44) 

Spec, for Chroine-Manganese-Silicon (CMS) 
Alloy-Steel Plates for Boilers and Other Pres- 
sure Vessels (A 202 -44) 

Spec, for Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 - 44), this 
item having been recommended in the pre- 
printed report for publication as tentative. 
Spec, for Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204 - 44) 
Spec, for Seamless Carbon-Molybdenum Alloy- 
Steel Boiler and Superheater Tubes (A 
209-44) 

Spec, for Medium-Carbon Seamless Steel Boiler 
and Superheater Tubes (A 210 -44) 
Spec, for Fligh Tensile Strength Carbon-Silicon 
Steel Plates for Boilers and Other Pressure 
Vessels (Plates 4| in. and Under in Thickness) 
(A 212-44) 

Spec, for Seamless Alloy-Steel Boiler and Super- 
heater Tubes (A 213 - 44) 

Spec, for Manganese-Vanadium Steel Plates for 
Boilers and Other Pressure Vessels (A 225 - 
44) 

Spec, for Carbon-Steel Forgings for General 
Industrial Use (A 235 -42) 

Spec, for Carbon-Steel Forgings for Locomotives 
and Cars (A 236 - 42) 

Spec, for Alloy-Steel Forgings for General In- 
dustrial Use (A 237 - 42) 

Spec, for Alloy-Steel Forgings for Locomotives 
and Cars (A 238 - 42) 

Spec, for Low-Alloy Structural Steel (A 242 - 
42) 

Spec, for Carbon-Steel and Alloy-Steel Ring 
and Disk Forgings (A 243 - 43) 

Spec, for Atomic-Hydrogen- Arc- Welded and 
Electric-Resistance-Welded Alloy-Steel Boiler 
and Superheater Tubes (A. 249 - 44) 

Spec, for Electric-Resistance-Welded Carbon- 
Molybdenum Alloy-Steel Boiler and Super- 
heater Tubes (A 250 - 44) 

Spec, for Welded Alloyed Open-Hearth Iron 
Pipe (A 253 -44) 

Spec, for Copper Brazed Steel Tubing (A 254 -44) 
Spec, for Welded and Seamless Steel Pipe Piles 
(A 252 -44), comprising the following 
changes:^ 

Section I.— Change from its present form 
to read as follows: 

1. These specifications cover furnace- 
welded, electric-'welded, and seamless steel 
black pipe piles of cylindrical shape. They 
apply to piles in which the steel cylinder acts 
as a permanent load-carrying member, or 
. alternatively, acts as a shell to form cast-in- 
place concrete piles. These specifications 
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are not intended to apply to pipe for general 
structural purposes. 

Section 4 (a). — Add a new second sentence 
to read as follows : agreement between the 

manufacturer and the purchaser, the tension 
test specimen may be taken from the skelp/' 
New Table, — Add a new Table I to read as 
shown in the accompanying Table 11. 

Designating Wall Thickness in Tubing Specific 
cations— to be Minimtm Wall Thickness. — One 
standard method of designating wall thickness of 


fected are. as follows: A 161 - 44, A 200 -44, 
A.271 - 44 T, ■ A 179 - 44, . • A 199 - 44, • and 
A 214-44, 

Clarificaiion of Thickness in Ordering Pipe.— 
In the interest of clarification and to indicate 
that pipe ordered under the ten specifications 
listed below is nominal (average) wall thickness 
a number of editorial changes will be made. 
Also, added to each specification will be a 
complete table giving minimum wall thickness 
on inspection for nominal (average) pipe wall 


TABLE I,~TABLE OF MINIMUM WALL THICKNESSES ON INSPECTION FOR NOMINAL (AVERAGE) PIPE 

WALL THICKNESSSES. 

Note I.— -The following formula, upon which this table is based, may be applied to calculate minimum wail thickness 
from nominal (average) wall thickness: 

ifi X 0.875 — tm 

where: 

« nominal (average) wall thickness in inches, and 
ifn =« minimum wail thickness in inches. 

The wall thickness is expressed to three decimal places, the fourth decimal place being carried forward or dropped, in 
accordance with the Tentative Recommended Practices for Designation of Numerical Requirements in Standards (A.S. 
T.M. Designation: E 29). . , 

Note 2 . — This table is a master table covering wall thicknesses available in the purchase of different classifica- 
tions of pipe, but it is not meant to imply that all of the walls listed therein are obtainable under tliis specification. 


Nominal (Average) 
Thickness (/»), in. 

Minimum 
Thickness on 
Inspection 
dm), in. 

Nominal (Average) 
Thickness (/«), in. 

Minimum 
Thickness on 
Inspection 
(im), in. 

! 

Nominal (Average) 
Thickness dn)p in* 

Minimum 
Thickness on 
Inspection 
(tm)i in. 

0 

0.060 

0.279 

0.244 

0.600 

0 .S 2 S 

0.547 

0.574 

0.590 

0.601 

0.628 

0,656 

0.710 

0.738 

0.756 

0.766 

0.793 

0.820 

0.875 

0.902 

0.929 

0.984 

1.012 

1.066 

1.094 

1.148 

1.175 

1.230 

0 pgs 

0.077 

0.280 

0.245 

0.625 

0 OQl 

0.080 

0.281 

0.246 

0.257 

0.656 


0.083 

0.294 

0.674 

0 

0.099 

0.300 

0.262 

0.687 

p ifo 

0.104 

0.307..... 

0v269 

0.718. 

p <(7^ 

0.109 

0.308 

0.270 

0.750 . . . 

p ‘i 2 fi 

0.110 

0.312 

0.2L3 

0.812 

n 1 

0.116 

0.318 

0.278 

0.843 

p 14P 

0.122 

0.322 

0.282 

0.864. ... . 

p i4Ci . 

0.127 

0.330. 

0.289 

0.875 ......... 

p 147 

0.129 

0.337 

0.295 

0.906 

0 1 CI 4 . 

0.1.35 

0.343 

0.300 

0.937 . . 

p* 1 i ?0 ' . 

0.136 

0.344 

0.301 

1 . 000 , 

0 179 

0.1S7 

0.358 

0.313 

1.031 ! 

0 187 

0,164 

0.365 

0.319 

1.062 ...1 

p* 1 gg 

0,164 

0.375 

0.328 

1 . 12 s. . i 

n 101 

0.167 

0.382 

0.334 

1.156 ! 

0*700 

0.17S 

0.400 

0.350 

1.218 

p 703 , 

0.178 

0.406 

0.355 

1.250 

p 71fi . . . 

0.189 

0.432 

0.378 

1.312 

n 718 ........ 

0.191 

0.436... 

0.382 

1.343 

0,219 

0.192 

0.437 

0.382 

1.406 

0 726 . . . 

0.198 

0.438 

0.383 

1.437 .... 

1.257 

1.312 

1.367 

1.531 

0 717 ^ . 

0.207 

0.500 

0.438 

1.500 

0 250 . . 

0.219 

0.531.... 

0.465 

1,562 . . 

0 7';g . 

0.226 

0.552 

0.483 

1.750 . . . 

0 776 

0.242 

0.562 

0.492 


0.277 

0.242 

0.593 

0.519 




various Muds of tubing has been agreed upon 
by the interest concerned, and that standard is 
to be the minimum wall thickness. At present 
the various specifications provide for the use of 
either minimum or average wall In the speci- 
fications listed below changes will be incor- 
porated to achieve this end. In general, the 
revisions comprise a deletion of the reference 
to average wall thickness. Explanatory notes 
at the end of some of the specifications will also 
be modified accordiii'gly. The specifications af- 


thickness. While a complete table (the accom- 
panying Table I) will be added to each specifica- 
tion, an appropriate note will indicate that this 
does not imply all of the wall thickness listed 
can be obtained under any one of the specifica- 
tions, The designations of the specifications 
aflected are as follows: A 5v3 - 44, A 106 - 45 T, 
A,120 - 44,: A 135 - 44, A 139 - 42, A 158 - 44 T, 
A- 206 -',44. T,. A252,-:44,,, A,253-44, and 
A 280- 46 T. 
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TABLE II.—TENSILE REQUIREMENTS. 



Grade 

1 

Grade 

2 

Grade 

3 

Tensile strength, min., psi 

50 000 

60 000 

75 000 

Yield point, min., psi 

30 000 

35 000 

45 000 

Basic minimum elongation for 
walls in. and over in thick- 
ness: 

Elongation in 8 in,, min., 
per cent. j 

18 

14 

I 

Elongation in 2 in., min., 
percent. 

30 

25 

20 

For walls less than 5^6 in. in 
thickness a deduction for 
each Hrin. decrease in wall 
thickness below % in. from 
the basic minimum elonga- 
tion of the following per- 
centage 

1.50“ 

1.25® 

1.0® 


® The following table gives the computed minimum 
values; 


Wall Thickness, in. 

Elongation in 2 in., rain., 
per cent 

Grade 

1 

Grade 

2 

Grade 

3 

% (0.312) 

30.00 

25.00 

20.00 

% (0.281). 

28.50 

23.75 

19.00 

li (0.250) 

27.00 

22.50 

18.00 

% (0,219) 

25.50 

21.25 

17.00 

54 (0.188)... 

24.00 

20.00 

16.00 



Note. — T he above table gives the calculated minimum 
elongation values for each lij 2 *in. decrease in wail thickness 
Where the wall thickness lies between two values shown 
above, the minimum elongation value shall be determined 
by the following formula: 


Grade Formula 

1 E = 56t + 17.50 

2 E = 40 H- 12.50 

3 ....£ = 32 i + 10,00 


where; 

E =« elongation in 2 in. in per cent, and 

i s= actual thickness of specimen, in inches. 

\ 

Editorial Changes Accepted in: 

Spec, for Electric-Fusion- Welded Steel Pipe for 
High-Temperature and tIigh-Pressure Service 
(A 155 -42) 

Spec, for Seamless and Welded Ferritic Stain- 
less Steel Tubing for General Service 
(A 268- 44 T) 

Spec, for Seamless and Welded Austenitic Stain- 
less Steel Tubing for General Service (A 269 - 
44 T) 

Spec, for Seamless and Welded Austenitic Stain- 
less Steel Tubing for the Dairy and Food 
Industry (A 270- 44 T) 

Withdrawal of Siaftdards: 

Spec, for Mild Steel Plates (A 10 - 39) 

Spec, for Garbon-Steel Castings for Miscel- 
laneous Industrial Uses (A 27 - 44) 

Spec, for Carbon-Steel Plates for Stationary 
Boilers and Other Pressure Vessels (A 70 -* 44) 


Spec, for Low Tensile Strength Carbon-Steel 
Plates of Structural Quality for Welding 
(A 78-43) 

Spec, for Carbon-Steel and Alloy-Steel Castings 
for Railroads (A 87 - 44) 

Spec, for Low Tensile Strength Carbon-Steel 
Plates of Flange and Firebox Qualities (A 89 - 
43) 

Spec, for Alloy-Steel Castings for Structural 
Purposes (A 148 - 44) 

Spec, for Carbon-Steel Castings Suitable for 
Fusion Welding for Miscellaneous Industrial 
Uses (A 215 - 44) 

Spec, for Heat-Treated Wrought Steel Wheels 
(A 244 -44) 

Reaffirmation of Standards: 

Spec, for Open-Hearth Steel Girder Rails of 
Plain, Grooved and Guard Types (A 2 - 
27) 

Spec, for Medium-Carbon Steel Joint Bars (A 4 - 
14) 

Spec, for High-Carbon Steel Joint Bars (A S - 
37) 

Spec, for Billet-Steel Bars for Concrete Rein- 
forcement (A 15 - 39) 

Spec, for Rail-Steel Bars for Concrete Reinforce- 
ment (A 16-35) 

Spec, for Quenched Carbon-Steel Joint Bars 
(A 49 - 39) 

Spec, for Soft Steel Track Spikes (A 65 - 33) 
Spec, for Steel Screw Spikes (A 66 - 33) 

Spec, for Cold-Drawn Steel Wire for Concrete 
Reinforcement (A 82 - 34) 

Spec, for Cold-Rolled Strip Steel (A 109 - 38) 
Spec, for Axle-Steel Bars for Concrete Rein- 
forcement (A 160-39) 

Spec, for Fabricated Steel Bar or Rod Mats for 
Concrete Reinforcement (A 184 - 37) 

Spec, for Welded Steel Wire Fabric for Concrete 
Reinforcement (A 185 - 37) 

Spec, for Plot- Worked High-Carbon Steel Tie 
Plates (A 241 - 41) 

Committee A-3 on Cast Irom 

Report presented by J. T. MacKenzie, chair- 
man, and the following actions taken: 

Accepted as Tentative^ Revisions in- 

Def. of Terms Relating to Cast Iron (A 196 — 
42 T) 

Adopted as Standard: 

Method of Compression Testing of Cast Iron 
(A 256 - 42 T) 

Adopted as Standard i Revisions in: 

Spec, for Gray Iron Castings (A 48 - 41) 
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WUMrawal of Standard: 

Spec, for Automotive Gray Iron Castings (A 
V 159 -41), .A 

Committee AS on Corrosion of Iron and 
iS^eel; 

Report presented by C. D. Hooker, chairman, 
and the following actions taken: 

Accepted as Tentative^ Revisions in: 

Spec, for Lead Coating (Hot-Dip) on Iron or 
Steel Hardware (A 267 - 44 T) 

Adopted as Standard: 

Spec, for Zinc-Coated (Galvanized) Iron or Steel 
Sheets (A 93 - 38 T) 

Adopted as Standard^ Rmsions in: 

Rec. Practice for Safeguarding Against Em- 
brittlement of Hot- Galvanized Structural 
Steel Products and Procedure for Detecting 
Embrittlement (A 143 35). 

WitMrawal of Standard: 

Spec, for Zinc-Coated (Galvanized) Iron or Steel 
Sheets (A 93 - 27) 

Ediiorial Change in Standard: 

Spec, for Zinc (Hot-Galvanized) Coatings on 
Structural Steel Shapes, Plates and Bars, and 
Their Products (A 123 -33), comprising the 
addition of the following footnote to Section 
5 (a): ‘^See Recommended Practice for Safe- 
guarding Against Embrittlement of Plot- 
Galvanized Structural Steel Products and 
Procedure for Detecting Embrittlement 
(A.S.T.M. Designation : A 143).’^ 

It was announced that the Tentative Speci- 
fications for Electrodeposited Coatings of Cad- 
mium on Steel (A 165 - 40 T) had been trans- 
ferred to the jurisdiction of Committee B-8 on 
Electrodeposited Metallic Coatings, The Ten- 
tative Specifications for Electrodeposited Coat- 
ings of Zinc on Steel (A 164 - 40 T), referred to 
in the report as preprinted, are being retained 
under the jurisdiction of Corantittee A-5. 

Committee AS on Magnetic Rropertiesi 

Report presented by Thomas Spooner, 
chairman, and the following actions taken: 

Accepted as Tentative: 

Test for Core Loss at Frequencies Higher than 
Power Frequencies and Ductility of Magnetic 
Materials (A 34 - 46 T) 


Adopted as Standard: 

Def. of Terms, with Symbols, Relating to 
, Magnetic Testing (A 127 ™ 44 T),: as revised.' 

Adopted as Standard y Revisions in: 

Tests for Magnetic Properties of Iron and Steel 
(A 34 - 44), with minor editorial changes in the 
method as preprinted. 

Committee A-7 on MalleahleSron Castings: 

Report, not preprinted, presented from 
manuscript by C. 0. Burgess, chairman. 

Committee A-10 on Iron- Chromium » Iron- 
Chromium- Nickel and Related Alloys: 

Report presented by Jerome Strauss, chair- 
man, and the following actions taken: 

Adopted as Standard y Revisions tn: 

Rec. Practice for Conducting Plant Corrosion 
Tests (A 224 - 41) 

Editorial Change Accepted in: 

Spec, for Corrosion-Resisting Chromium and 
Chromium-Nickel Steel Plate, Sheet, and 
Strip for Fusion-Welded Unfired Pressure 
Vessels (A 240 -44) 

Report of Committee D-I on Paint, Varnish, 
Lacquer, and Related Products: 

Report presented by W. T. Pearce, chairraan, 
and the following actions taken: 

Accepted as Tentative: 

Method of Evaluating Degree of Resistance of 
Traffic Paint to Bleeding 
Test for Evaluating Degree of Settling of 
Traffic Paint 

Spec, for Pumice Pigment 
Test for Celiiilose Acetate 
Test for Changes in Protective Properties of 
Coatings of Paint, Varnish, Lacquer, and 
Related Products on Steel Surfaces When 
Subjected to Immersion (formerly Emergency 
Standard ES - 35, with editorial changes) 
Spec, for Titanium Dioxide Pigments (D 476 - 
46 T) 

Accepted as TentativeyRevisums in: 

Test for' Dry to No-Pick-Up Time of Traffic 
Paint (D hl - 43 T) 

Spec, for Red and Brown Iron Oxide Pigments 
(D 84 - 43 T) 

Spec, for Yellow Iron Oxide, Hydrated (D 768 
44 T) 
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Methods of Chemical Analysis of Zinc Y'ellow 
Pigment (Zinc Chromate Yellow) (D 444 - 

,39) :■ . . 

Sampling and Testing Lacquer Solvents and 
Diluents (D 268 - 44) 

Spec, and Tests for Soluble Nitrocellulose 
(D 301 - 33) j with an additional revision 
providing in Section 11 for the omission of the 
reference to “No. 5”' in the requirements for 
188-190 proof denatured alcohol. 

Adopted as Standard: 

Spec, for Oiticica Oil (Permanently Liquid) 
,(D 601 - 41 T), as revised 
Test for Light Sensitivity of Traffic Paint 
(D712-43T) 

Method of Conducting Road Tests on Traffic 
Paint (D 713 - 43 T) 

Def. of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products (D 16- 44 T), 
as revised 

Spec, for Methyl Ethyl Ketone (D 740 - 43 T) 
Spec, for Isoprop 3 d Alcohol (D 770-44T) 
Test for Water in Lacquer Solvents and Diluents 
(D 268- 44 T) 

Adopted as Staridard, Revisions in: 

Spec, for Tricresyl Phosphate (D 363 - 36) 
Spec, for Lampblack (D 209 -41) 

Spec, for Bone Black (D 210 -41) 

Spec, for Carbon Black (D 561 - 41) 

Spec, for Prussian Blue (D 261 ^41) 

Spec, for Ultramarine Blue (D 262 - 41) 

Spec, for Chrome Green (D 212 -41) 

Spec, for Chrome Oxide Green (D 263 - 41) 

Report of Committee E-l on Methods of 
Testing: 

Report presented by W. H. Fulweiler, chair- 
man, and the following actions taken: 

Adopted as Standard, Revisions in: 

Spec, for A.S.T.M. Thermometers (El -44), 
except that the committee withdrew from the 
report the recommendation for the omission 
from the specifications of the six Say bolt 
viscosity thermometers graduated in Centi- 
grade, and presented certain other minor 
changes. 

Methods of Tension Testing of Metallic Ma- 
terials (E 8 - 42) ,® wdth the following addi- 
tional modifications (except the revision in 
Section 19) resulting from recommendations 
received from Committee A- 1 on Steel: 

» This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee E-1, which ballot has been favorable and the 
results are given in the report of the committee, see p, 470. 


Section /.—Change the first, sentence to 
read as follows by the addition of the italicized 
words: “These methods a-M the figures which 
are a part of the methods cover the apparatus, 
specimens, and procedures for the tension 
testing of metallic materials.’’ 

Neso Section, — Add the following new 
Section 4, renumbering the present sections 
according^: 

4. Test Specimens. — Improperly prepared 
test specimens often cause unsatisfactory test 
results. It is important, therefore, that care 
be exercised in the preparation of specimens, 
particularly in the machining, to assure good 
workmanship. 

Fig. I. — Change the illustration of the 8-in. 
gage length rectangular tension test specimen 
to read as follows : 


Para/fe/ Seef/on u 
/ess fhan Q'”" 
Parallel wifh/n 0.0/0“ 




tAhouA 

■- jr" -* 




’A" 




\ &“t 0.0 /“Gage Length ^V'to3“ 

j for Measuring Elongation gorf/us 
I after Fracture 

Approximately 2“ 

N©te 1.~ When necessary, it is permissible to use a nar- 
rower specimen, but in such a case the reduced portion 
shall be not less than 1 in. in width. ^ , 

Note 2. —Punch marks for measuring elongation after 
fracture shall be made on the flat or on the edge of the 
specimen and within the parallel section; cither a set of 
nine punch marks 1 in. apart, or one or more sets of S-in. 
punch marks may be used. , , . , r * ... 

Note 3.— The dimension t” is the thickness of the test 
specimen as provided for in the applicable material speci- 
firalions. 


Section IS. — Renumber as Section 19 and 
change to read as follows by the addition of the 
italicized words and figures: 

19. For the test specimen illustrated in Fig. /, 
the width shotdd be measured at each end of the 
gage length to determine paralielismi and also 
at the center. The thickness should he measured 
at the center only and used with the center 
measurement of the width to determine the cross- 
section area. The center width dimension 
should be recorded to the nearest 0.005 
and the thickness measuremmt to the nearest 
0.001 in. The dimensions of cross-section 
of all other tension test specimens shall be 
measured by means of a measuring instru- 
ment, preferably reading to 0.5 per cent of the 
dimensions measured and in any case to at 
least 0.001 in. The stress shall be calculated 
on the basis of the minimum cross-section as 
determined by measurement. 
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Section 19 . — ^Eemumber as Section 20 and 
make the following changes in this section on 
Speed of Testing from the form as preprinted: 
(1) Change the last sentence of Paragraph 
(a) to read “The average crosshead speed 
can be experimentally determined by using a 
suitable scale and stop watch.’^ (2) Change 
the second sentence of Paragraph (5) to read 
“The average rate of stressing can be deter- 
mined with a stop watch by observing the time 
required to apply a known increment of stress.” 
(3) In the second sentence of Paragraph (c) 
change “rate of straining” to read “average rate 
of straining.” (4) In the last paragraph add 
the following as a new second sentence: “The 
speed abo\ e this point shall be within the 
limits specihed.” (5) Add the following as a 
note at the end of the section: “In writing 
new standards, or in revising old standards, 
the A.S.T.M. product specifications committee 
will have the responsibility of deciding for any 
given material what method of measuring 
si>eed of testing is to be used, and of specifying 
suitable numerical limits for crosshead speed, 
rate of stressing, or rate of straining.” 

The proposed revision in Tentative Defini- 
tions with Procedures Relating to Conditioning 
and Weathering (E41-42T) which appeared 
in the preprinted report was withdrawn by the 
committee. 

The chairman then called upon li. F. Moore 
to describe the activities of Technical Com- 
mittee I on Mechanical Testing, and on Robert 
Burns to report on the work of Technical Com- 
mittee X on Conditioning and Weathering. 

Committee E-3 on Chemical Analysis of 
Metals: 

Report presented by J. W. Stillman, secre- 
tary. It was announced that the large numi»er 
of new tentative methods and the revised 
methods acccTded earlier in the year through 
the Standards Committee would be published 
in the 1946 Book of A.S.T.M. Methods of 
Chemical Analysis of Metals to be issued in 
August. 

Committee E-4 on Metallography: 

Report presented by L. L. Wyman, chair- 
man, and the following actions taken: 

Accepted as Tentative^ Revisions in: 

Rec. Practice for Determining the Inclusion 
Content of Steel (£45- 42 T), except that 
the change in Section 11 (6) should be changed 
from the form as preprinted to read as follows: 


Section .11 (5). — At the end of the last 
paragraph add the following as a new para- 
graph: “If desired, the predominant, . type 
of inclusions may be recorded, whether. t} 3 i,ey, 
are sulfides, silicates, or oxides.” 

Methods of Preparation of Metallographic 
Specimens (E 3 - 44 T),®« with a number of 
minor changes to bring the methods up-to- 
date and in accord with best modern practice. 

Rec. Practice for Identification of Crystalline 
Materials by the Hanawalt X-Ray Diffrac- 
tion Method (E 43 - 42 T) comprising the 
addition of the following paragraph to Sec- 
tion 8: 

ip) Calculating Inter planar S pacings . — The 
measurements described in Paragraph {a) 
are not used directly in the index for the 
identification of crystalline materials, because 
the distances between corresponding lines 
depend upon the radius of the camera and the 
type of radiation used as well as upon the 
crystal structure of the sample. Th# pat- 
terns are described uniquely in terms of the 

interplanar spacings corresponding to 


\nl 

the diffraction lines.® These interplanar 
spacings are calculated from the measured 
positions of the lines by using Braggbs equa- 
tion : 


d X 
n 2 sin 0 


where : 

- = the first order spacing, 
n 

X = wave length of the X-rays, and 
0 ~ diffraction angle. For the cylindrical 
camera recommended above, Q (in degrees) is 
calculated using the following equation : Q = 
45 1 

— where I is the distance between correspond- 
irr 

ing lines on opposite sides of the undeviated 
beam, and r is the radius of the film. Many 
cameras are made with a radius of 57.3 mm. 
so that 1 mm. on the film equals 1 degree of 
arc. The best way to measure r is to make a 


® Ail data which are submitted to the committee for 

d 

inclusion in the index should be in terms of - . 

n 

This recommendation, not preprinted, wa.s accepted 
by unanimous consent, subject to favorable letter ballot of 
Committee E-4, "which ballot has resulted in a vote of 30 
affirmative, 0 negative, and 7 ballots marked “not voting” 
from a committee membership of 73. 

8® This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee E-4, which ballot has resulted in a vote of 
29 affirmative, 0 negative, and 9 ballots marked “not 
voting” from a committee membership of 71.. 
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pattern of a material with an accurately known 
structure (for example, NaCi) and to calcu- 
la.te f from some of the lines of that pattern. 
When a laboratory makes all powder patterns 
with the same type of camera and the same 
type of X-rays, it is well worth the effort to 
make a scale which reads the interplanar 
spacings directly from the film. 

Adopted as Standard: 

Classification of Austenite Grain Size in Steels 
(E19-39T) 


Committee E-6 on Methods 0 } Testing Build«‘ 

ing Construction: 

Report presented by L® J, Markwardt, 
chairman. 

Joint Committee on Fitter Metal: 

A progress report, not preprinted, presented 
by title and accepted for publication in the 
ASTM Bulletin, August, 1946. 

Committee E-2 on Spectrographic Analgsis: 

Report, not preprinted, presented from 
manuscript by Mary E. Warga, secretary. 


SEVENTEENTH SESSION— ON EFFECT OF TEMPERATURE ON THE 
PROPERTIES OF METALS 

(Continued from Thirteenth Session) 

Thursday, June 27, 8.00 p.M. 


Session Chairman: J. W. Bolton 


Report 0 / Joint Research Committee on 
Effect of Temperature on Properties of 
Metals: 

Report presented from manuscript by N. L. 
Mochei, chairman. 

Mr. Mochei then called upon J. J. Ranter to 
present from manuscript the report on Stability 
of Steels as Affected by Temperature, which is 


to appear as an Appendix to the report of the 
joint committee. 

Session on Effect of Temperature on the 
Properties of Metals 
This session was a continuation of the Session 
on Effect of Temperature on the Properties of 
Metals. The papers presented in this session 
are listed previously with these in the Thirteenth 
Session. 


EIGIiTEENTH SESSION— SYMPOSIUM ON ATMOSPPTERIC WEATHERING OF 
CORROSION-RESISTANT STEELS 


Thursday, June 27, 8.00 p.m. 


Session Chairman: F. L. LaQue 


Results of iS-yr. Exposure Tests on Corrosion- 
Resistant Steels— I. V. Williams and K. G. 
Compton, presented by Mr. Williams. 

Atmospheric Corrosion Tests on Corrosion- 
Resistant Steel— Grant L. Snair, Jr,, pre- 
sented from manuscript by the author. 

Atmospheric Corrosion Tests on High-Chro- 
mium Steels— W. 0. Binder and C. M. Brown, 
presented by Mr. Binder. 

Weathering Behavior of Corrosion-Resistant 


Steel Insect Screens — W. A. Wesley and H. R 
Copson, presented by Mr. Copson. 

Corrosion-Resistant Steel Sheet in Marine 
Atmosphere — W. H. Mutchler, presented by 
Leo J. Waldron. 

Corrosion-Resistant Steel for Architectural and 
Structural Applications — H. A. Grove, pre- 
sented by the author. 

Atmospheric Corrosion Tests of Corrosion- 
Resistant Steel Wires— A. P. Jahn, presented 
by the author. 


NINETEENTH SESSION— SYMPOSIUM ON FREEZING- AND-THAWING TESTS OF 

CONCRETE 

Thursday, June 27, 8.00 P.M. 

Session Chairman: F. E. Richart 

The Symposium on Procedures for Concrete was sponsored by Committee 
Making Freezing-and-Thawing Tests of C-9 on Concrete and Concrete Ag- 
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gregates to afford an opportunity for dis- 
cussion of the procedures used by differ- 
ent investigators for evaluating the 
durability of concrete. The following 
general paper led off the discussion at 
this symposium: 

Considerations Involved in the Making of 
Freezing-and-Tliawing Tests on Concrete — 
M. 0, Withey, presented by the author. 

Following the lead paper by Prof. 
Withey, contributions from the fol- 
lowing leading authorities were given: 


■ G. E. Wuerpel, Central Concrete Laboratoryj 

U. S. Army. 

C. W. Allen, Ohio State Highway Testing and 
Research Lab. 

W. H. Price, U. S. Bureau of Reclamation. 

R. E. Davis, University of California. 

A. T. Goldbeck, National Crushed Stone 
Association. 

F. V. Rcagel, Missouri Stale Highway Commis- 
sion. 

Bailey Tremper, State Department of Highways, 
Washington. 

R. C. Valore, Jil, National Bureau of Standards. 
Stanton Walker, National Sand and Gravel 
Association. 


TWENTIETH SESSION— CEMENT, CONCRETE, LIME, REFRACTORIES, MASONRY 

MATERIALS 

Friday, June 28, 9,30 A.M. 

Session Chairman: W. H. Klein 


Committee C-1 on Cement: 

Report presented by D. Wolochow, vice- 
chairman, and the following actions taken: 

Accepted as Teniatm, Revisions in: 

Spec, for Air-Entraining Portland Cement 
(C175-46T) 

Adopted as Standard: 

Chemical Analysis of Portland Cement (C 114 - 
44 T), Sections 2 to 10 only 

Adopted as Standard^ Revisions in: 

Spec, for Portland Cement (C ISO -44) 
Sampling Hydraulic Cement (C 183 - 44) 

Accepted for Publication as Information Only: 

Test for Sulfate Resistance of Portland Cements 

Committee C-5 on Fire Tests of Materials 
and Construction: 

Report presented by S. H. Ingberg, chair- 
man, and the following actions taken: 

Accepted as Tentative: 

Test for Combustible Properties of Treated 
Wood by the Fire-Tube Method 

Accepted as Tentative^ Revisions in: 

Methods of Fire Tests of Building Construction 
and Materials (C 19 - 41) 


Adopted as Standard: 

Test for Combustible Properties of Treated 
Wood by the Crib Test Method (C 160- 
41 T), as revised 

Committee C-T on Lime: 

Report presented by W, C. Voss, chairman, 
and the following actions taken: 

Accepted as Tentative: 

Spec, for Hydrated Lime for Masonry Purposes 
Spec, for Normal Finishing Hydrated Lime 
(Revision of C 6 - 44) 

Spec, for Special Finishing Lime 

Committee C-8 on Refractories: 

Report presented, in the absence of the chair- 
man, by R, E. Hess, Assistant Executive Secre- 
tary, and the following actions taken: 

Accepted as Tentative^ Revisions in:. 

Panel Test for Resistance to Thermal and 
Structural Spalling of Refractory Brick 
(C38-45) 

Panel Test for Resistance to Thermal and 
Structural Spalling of High Heat Duty Fire- 
clay Brick (C ,107 -45) 

Panel Test for Resistance to Thermal and 
Structural Spalling of Super Duty Fireclay 
Brick (C 122-45) 

Spec, for Refractories for Malleable Iron Fur- 
naces with Removable Bungs and for Annealing 
Ovens (C 63 - 41) 
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Panel Test lor Resistance to Thermal and. 
Structural Spalling of Fire Clay Plastic 
Refractories (C 180 - 45) 

Spec, for Refractories for Heavy Duty Station- 
ary ■ Boiler Service (C 64- 41) 

Spec, for Refractories for Incinerators (C 106- 
41) 

Spec, for Refractories for Moderate Duty 
Stationary Boiler Service (C 153-41) 

Def . of Terms Relating ■ to ' Refractories 
(C7i-4S) 

Test for True Specific Gravity of Burned 
Refractory Materials (C 135 -40) 

Spec, for Fireclay Plastic Refractories for 
Boiler and Incinerator Services (Cl76~ 
44) 

Test for Workability Index of Fireclay Plastic 
Refractories (C 181 - 45) 

Adopted as Standard: 

Test for Permanent Linear Change Upon 
Reheating of Insulating Fire Brick (C 210 - 
46) 

Test for Sieve Analysis and Water Content of 
Refractory Materials (C 92 - 43 T) 

Test for Combined Drying and Firing Shrinkage 
of Fireclay Plastic Refractories (C 179 - 43 T) 
Symbols for Heat Transmission (C 108 - 44 T) 

Adopted as Standard^ Revisions in: 

Testing Insulating Fire Brick (Compressive 
Strength, Flexural Strength, and Permanent 
Linear Change After Heating) (C 93 - 42) 
Test for Permanent Linear Change After Reheat- 
ing of Refractory Brick (C 113 -36) 

Test for Apparent Porosity, Water Absorption, 
Apparent Specific Gravity and Bulk Density 
of Burned Refractory Products (C20- 41) 
Test for Pyrometric Cone Equivalent (P.C.E.) 

of Refractory Materials (C 24 - 42) 

Def. of Terms Relating to Refractories (C 71 - 
45) 

Committee C-9 on Concrete and Concrete 
■ Aggregates: 

Report presented by F. E. Richart, chair- 
man, and the following actions taken: 

Accepted as Tentative: 

Def. of Terms Relating to Concrete and Concrete 
Aggregates (C 125 - 46 T) 

Accepted as Tentative, Revisions in: 

Test for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate (C 88 - 
' 44T)0 , 


Adopted as Standard, Revisions in: 

Test for Structural Strength of Fine Aggiegate 
Using Constant Water-Cement-Ratio Mortar 
(C87-44)« 

Spec, for Concrete Aggregates (C 33-44)® 
Test for Sieve Analysis of Fine and Coarse 
Aggregates (C 136“- 39)® 

W itJtdrawl of Standard: 

Def. of Terms Relating to Concrete and Con- 
crete Aggregates (C 125 -- 44) 

It was announced that Committee C-9 
concurs with Committee D-4 on Road and 
Paving Materials in the revision of the Tentative 
Method of Test for Abrasion of Gravel by Use 
of the Devai Machine (D 289 - 42 T) and the 
immediate adoption of revisions in the Standard 
Method of Test for Abrasion of Coarse Aggregate 
by Use of the Los Angeles Machine (C 131 - 44). 

It was announced that the revisions under 
consideration in the Standard Specifications for 
Ready-Mixed Concrete (C 94-44), referred 
to in the report as preprinted, were being 
given further consideration in the committee 
and may subsequently be presented to the 
Society through the Standards Committee. 

Sanford E, Thompson Award: 

Mr. Richart then announced the selection 
of C. W. Muhlenbruch, Associate Professor of 
Civil Engineering, Carnegie Institute of Tech- 
nology, to receive the Sanford E. Thompson 
Award for his paper on “The Effect of Repeated 
Loading on the Bond Strength of Concrete,”^ 
published in the 1945 Proceedings. The Sanford 
E. Thompson Award was established in 1938 
by Committee C-9 on Concrete and Concrete 
Aggregates as an annual token of recognition 
to the author or authors of a paper of outstand- 
ing merit on concrete and concrete aggregates 
presented at an annual meeting of the Society, 
The award is named in honor of the first chair- 
man of the committee. The paper was con- 
sidered noteworthy since it presented for the 
first time a series of tests which give accurate 
data on the effect of repeated loading, in a great 
range of cycles of load, on the bond strength 
of concrete. 


» The revisions under consideration, which were listed 
in the report as preprinted, were accepted subject to 
favorable letter ballot of Committee C-9, which ballot 
has been favorable andithe results are given in the report 
of the committee, f see p. 317. 
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Committee C-12 on Mortars for Unit 
Masonry: 

Report presentedj in the absence of the chair- 
man, by H, W. Stauffer. 

Committee €-13 on Concrete Pipe: 

An oral progress report of this committee 
was presented by R. E. Hess, Assistant Execu- 
tive Secretary. 

Committee C-li on Glass and Glass 
Products: 

Report presented, in the absence of the chair- 
man, by R. E. Hess, Assistant Executive 
Secretary. 

Committee C-15 on Manufactured Masonry 
Units: 

Report presented by D. E. Parsons, chairman, 
and the following actions taken : 

Accepted as Tentative^ Revisions in: 

Spec, for Building Brick (Made from Clay or 
Shale) (C 62 - 44) 

Spec, for Sand-Lime Building Brick (C 73 - 39) 
Sampling and Testing Brick (C 67 - 44) 

It was announced that the new Tentative 
Specifications for Structural Clay Facing Tile, 


which it had not been possible to include in the 
report as preprinted, would be presented to' the 
Society through the Standards Committee 
subsequent to the Annual Meeting, 

Committee C-16 on Thermal Insulating 

Materials: 

Report presented, in the absence of the 
chairman, by R. E. Hess, Assistant Executive 
Secretary, and the following actions taken: 

Accepted as Tentative: 

Spec, for Structural Insulating Board Made from 
Vegetable Fibers 

Testing Structural Insulating Board Made from 
Vegetable Fibers 

Committee C-18 on Natural Building 
Stones: 

Report presented, in the absence of the 
chairman, by R. E. Hess, Assistant Executive 
Secretary, and the following action taken: 

Adopted as Standard: 

Test for Compressive Strength of. Natural 
Building Stone (C 170 - 41 T) 


TWENTY-FIRST SESS10N“~N0N-FE.RR0US METALS 
Friday, June 28, 9 . 30 a.m. 

Session Chairman: J. H. Foote 


Committee B-1 on Wire for Electrical 
Conductors: 

Report presented by J. H. Foote, chairman, 
and the following actions taken: 

Adopted as Standard f Revisions in: 

spec, for Bronze Trolley Wire (BO- 39) 

Spec, for Copper Trolley Wire (B 47 - 39) 
Spec, for Figure-9 Deep-Section Grooved and 
Figure-8 Copper Trolley Wire for Industrial 
Haulage (B 116-40) 

Spec, for Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft 
(B8-44) 

Spec, for Tinned Soft or Annealed Copper 
Wire for Electrical Conductors (B 33 - 45) 
In each of the above standards editorial 
changes were submitted comprising the assign- 
ing of a number to each table in the specifications 
with appropriate titles and corresponding 
changes in^ the text to refer to the tables^ 


It was announced that the scope of Committee 
B-1 as given in the preprinted report had been 
further modified to read “specifications and 
methods of test for uninsulated electrical con- 
ductors composed of wire in various fabrica- 
tions.*’ 

Committee B-2 on Non-Ferrous Metals and 
Alloys: 

Report presented by E. E. Thum, chairman, 
and the following action taken; 

Adopted as Standard^ Revisions in: 

Spec, for Special High-Grade Zinc (B 6 - 27) 

It was announced that the Proposed 
Tentative Specifications for Fire-Refined Copper 
for Wrought Alloys, which were included in the 
preprinted report, as mformatio.n, would after 
some further minor changes be submitted to the 
Society through . the Standards Committee for 
publication as tentative* . . 
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It was also stated that the committee had 
completed revisions in the Standard Specifica- 
tions for White Metal Bearing Alloys (Known 
Commercially as ‘^Babbitt MetaP^) (B 23 - 26) 
and in the Tentative Specifications for Soft 
Solder Metal (B 32 - 40 T) which would be 
presented to the Standards Committee sub- 
sequent to the Annual Meeting. 

Committee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys^ 

Report presented by H. S. Rawdon, chair- 
man, and the following action taken: 

Editorial Change Accepted in: 

Method of Total Immersion Corrosion Testing 
of Non-Ferrous Metals (B 185 ~ 43 T) 

Committee B-4 on Electrical-Heating, 
Electrical-Resistance and Electric-Fur- 
nace Alloys: 

Report presented, in the absence of the chair- 
man, by A. C. Hartshorne, and the following 
actions taken: 

Adopted as Standard: 

Spec, for Drawn or Rolled Alloy, 80 per cent 
Nickel, 20 per cent Chromium for Electrical 
Heating Elements (B 82 - 44 T) 

Spec, for Drawn or Rolled Alloy, 60 per cent 
Nickel, 15 per cent Chromium, and Balance 
Iron, for Electrical Heating Elements (B 83 - 
44 T) 

It was announced that the title of Committee 
B-4 would, after approval by the Board of 
Directors, be changed to read ^‘Electrical Heat- 
ing, Resistance, and Related Alloys.” 

Committee B-S on Copper and Copper Alloys, 
Cast and Wrought: 

Report presented by G. H. Hamden, chair- 
man, and the following actions taken: 

Accepted as Tentative: 

Rec. Practice for Preparing Tension Test 
Specimens for Copper-Base Alloy Castings 

Accepted as Tentative , Revisions in: 

Spec, for Cartridge Brass Sheet, Strip, Plate, 
Bar, and Disks (B 19 - 44 T) 

Spec, for Naval Brass Rods, Bars, and Shapes 
(B 21-46 T) 

Spec, for Bronze Castings for Turntables and 
Movable Bridges and for Bearing and Expan- 
sion Plates of Fixed Bridges (B 22-45T) 
Spec, for Brass Sheet and Strip (B 36 - 44T) 


Spec, for Seamless Copper Tubes (B 75 - 46 T) 
Spec, for Leaded Brass Sheet and Strip (B 121- 

44 T) 

Spec, for Copper-Nickel-Zinc and.. Copper- 
Nickel Alloy Sheet and Strip (B 122 - 46 T) 
Spec, for Cartridge Brass Cartridge Case Cups 
(B 129-44 T) 

Spec, for Gilding Metal Strip (B 130-44T) 
Spec, for Gilding Metal Bullet Jacket Cups 
(B131~44T) 

Spec, for Leaded^ High-Strength Yellow Brass 
(Manganese Bronze) Sand Castings (B 132 - 

44 T) 

Spec, for Copper Rods, Bars, and Shapes (B 133 
-46 T) 

Spec, for Miscellaneous Brass Tubes (B 135 - 
46 T) 

Spec, for Phosphor Bronze Rods, Bars, and 
Shapes (B 139 -46 T) 

Spec, for Tin-Bronze and Leaded Tin-Bronze 
Sand Castings (B 143 - 44 T) 

Spec, for High-Leaded Tin-Bronze Sand Castings 
(B 144-45T) 

Spec, for Leaded Red Brass and Leaded Semi- 
Red Brass Sand Castings (B 145- 45 T) 
Spec, for Leaded Yellow Brass Sand Castings 
for General Purposes (B 146 - 45 T) 

Spec, for High-Strength Yellow Brass (Mangan- 
ese Bronze) and High-Strength Leaded 
Yellow Brass (Leaded Manganese Bronze) 
Sand Castings (B 147 - 44 T) 

Spec, for Aluminum-Bronze Sand Castings 
(B 148 - 45 T) 

Spec, for Leaded Nickel-Brass (Leaded Nickel- 
Silver) and Leaded Nickel-Bronze (Leaded 
Nickel-Silver) Sand Castings (B 149 - 44 T) 
Spec, for Aluminum Bronze Rods, Bars, and 
Shapes (B 150 -46 T) 

Spec, for Copper-Nickel-Zinc Alloy Rod, Bar, 
and Wire (B 151 - 46 T) 

Spec, for Copper Sheet, Strip, and Plate (B 152 - 

45 T) 

Spec, for Phosphor Bronze Wire (B 159- 46 T) 
Spec, for Aluminum Bronze Sheet and Strip 
(B 169 - 44 T) 

Spec, for Copper Bus Bars, Rods and Shapes 
(B 187-45 T) 

Spec, for Copper Bus Pipes and Tubes 
(B 188-45 T) 

Spec, for Beryllium-Copper Alloy Strip 
(B 194 - 46 T) 

Spec, for Beryllium-Copper Alloy Strip, Special 
Grade (B 195- 45 T) 

Spec, for Beryllium-Copper Alloy Rod and Bar 
(B 196-46 T) 

Spec, for Beryllium-Copper Alloy Wire (B 197 - 

46 T) 

Spec, for Silicon-Bronze and Silicon-Brass Sand 
Castings (B 198-45T) 
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Spec, for Copper-Nickel-Zinc Alloy Wire 
(B 206-46T) 

Adopted as Siatidard, Revisions in: 

Spec, for Copper Plates for Locomotive Fire- 
boxes (Bll-4i) 

Spec, for Copper Bars for Locomotive Staybolts 
(B 12-45) 

Spec, for Free-Cutting Brass Rod and Bar for 
Use in Screw Machines (B 16-45) 

Spec, for Copper Pipe, Standard Sizes (B 42 - 
45) 

Spec, for Brass Pipe, Standard Sizes (B 43 - 

45) 

Spec, for Phosphor Copper (B 52 - 43) 

Spec, for Silicon Copper (B 53 - 43) 

Spec, for Steam or Valve Bronze Castings 
(B 61-44) 

Spec, for Composition Brass or Ounce Metal 
Castings (B 62 - 44) 

Spec, for Bronze Castings in the Rough for 
Locomotive Wearing Parts (B 66 - 44) 

Spec, for Car and Tender Journal Bearings, 
Lined (B 67-44) 

Spec, for Seamless Copper Tubing, Bright 
Annealed (B 68 - 45) 

Spec, for Copper Water Tube (B 88 ~ 45) 

Spec, for Copper-Silicon Alloy Plate and Sheet 
for Pressure Vessels (B 96 ~ 42) 

Spec, for Copper-Silicon Alloy Sheet and Strip 
for General Purposes (B 97 - 44) 

Spec, for Copper-Silicon Alloy Rods, Ears and 
Shapes (B 98 - 45) 

Spec, for Copper-Silicon Alloy Wire for General 
Purposes (B 99 - 45) 

Spec, for Rolled Copper-Alloy Bearing and 
Expansion Plates for Bridge and Other 
Structural Uses (B 100 - 44) 

Spec, for Phosphor Bronze Sheet and Strip 
(B 103-44) 

Spec, for Copper and Copper- Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
45) 

Spec, for Copper-Base Alloy Forging Rods, Bars 
. and Shapes (B 124-45) 

Spec, for Brass Wire (B 134 - 45) 

Spec, for Manganese Bronze Rods, Bars, and 
Shapes (B 138 - 45) 

Spec, for Leaded Red Brass (Hardware Bronze) 
Rods, Bars, and Shapes (B 140 - 45) 

Spec, for Copper-Alloy Condenser Tube Plates 
(B 171 -45) 

Committee B-6 on Die-Cast Metals' and 
Alloys: 

Report presented by J. R Townsend, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 

Spec, for Aluminum-Base Alloy Die Castings 
(B85-44T),^® comprising tliC' addition of 
two new aluminum-base alloys SG2 and 
SG3, requiring the following changes in these 

specifications : 

Section 1. — Change the second sentence 
to refer to nine alloys and add references to 
alloys SG2 and SG3. 

Table /.—Add the following ^reciuirements 
on chemical composition for ihe two new 
alloys : 



Alloy SG2 

Alloy SG3 

Copper, max,, per cent 

0.6 

0.6 

Iron, max., per cent. 

1.3 

2.0 

Silicon, per cent : 

9.0 to 10.0 

9.0 to 10.0 

Manganese, max., per cent .... 

0.3 

0.3 

Magnesium, per cent 

0.4 to 0,6 

0.4 to 0.6 

Zinc, max., per cent 

o.s 

O.S 

Nickel, max., per cent 

0.5 

0.5 

Tin, max., per cent 

Other constituents, except 
aluminum, max., (total) per 

0,1 

0.1 

cent 

0.2 

0.2 

Aluminum, per cent 

remainder 

remainder 


Also change footnote b under Taljle 1 
to read as follows: “Alloys S4, S5, SC2, SC7 
and SG3 are suitable for the production of 
castings by either the gooseneck or the cold- 
chamber process. Castings of alloys S9, 
SC5, SC6 and SG2 may be made only in 
cold-chamber machines.” 

Appendix. — Add the following data on 
mechanical properties of the two new alloys: 



Alloy SG2 

Alloy SG3 

Tensile strength (round speci- 
mens) , psi 

43 000 

43 000 

Elongation in 2 in. (round 
specimens), per cent 

S 

3 

2.7 

Charpy Impact (square speci- 
mens), ft-lb 

4.2 


Adopted as Standard, Revisions in: 

Spec, for Zinc-Base Alloy Die Castings (B86- 
43),^® comprising the following changes: 

New Section. — Add the following new Sec- 
tion 6, renumbering the remaining sections 
accordingly : 

6. Chemical The chemical 

analyses of the die castings shall be made 
in accordance with the Tentative Methods 
of Spectrochemical An.alysis of Zinc-Alloy 


1° This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee B-6, which ballot has been favorable and the 
results are given in the report of the committee, see p. 224. 
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Die ■ Castings for Minor Constituents and 
. Impurities (A.S.T.M. Designation: E27) 
and with tlie Tentative Methods of Chemi- 
cal Analysis of Zinc-Base Die-Casting 
Alloys (A.S.T.M. Designation: E47) for 
the major constituents. 

Sections 7 and 8. — Omit these sections on 
stability and exi)ansion tests, respectively. 

MHthdraiml of Tentative: 

Spec, for Special Quality Zinc-Base Alloy Die 
Castings (B 186- 42 T) 

The chairman also submitted the fol- 
lowing two reports for publication in the 
Proceedings as appendices to the Report 
of Committee B-6, subject to acceptance 
by the Committee on Papers and 
Publications: 

Report on an Investigation of Aluminum Die- 
Casting Alloys Nos. IVa, Va and V. 

Report on Creep Tests on Tin- and Lead-Base 
Die Castings. 

It was announced that Committee B-6 would 
recommend to the Standards Committee the 
withdrawal of the Emergency Specifications for 
Special Quality Aluminum-Base Alloy Die 
Castings (ES -29), and the Emergency Specifi- 
cations for Special Quality, Magnesium-Base 
Alloy Die Castings (ES - 40). 

It was also announced that the committee 
recommended the continuation as tentative of 
the Specifications for Magnesium-Base Alloy 
Die Castings (B 94 - 44 T) and the Specifica- 
tions for Copper-Base (Brass) Alloy Die Castings 
(B 176- 42 T). 

Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 

Report presented by D. L. Colwell, chair- 
man, and the following actions taken: 

Accepted as Tentative: 

Spec, for Aluminum and Aluminum- Alloy Sheet 
and Plate, with the following revisions 
Section 4 (a). — In the first sentence insert 
the words ‘hf non-clad sheet” after ‘^chemical 
analysis.” Also add the following as a new 
Paragraph (c): 

(c) Samples for determining the analysis 
of the core in clad materials may be taken in 


This recommendation, not preprinted, was accepted 
by unanimous consent subject to favorable letter ballot of 
Committee B-7, which ballot has been favorable and the 
results are given in the report of the committee, see p. 262 . 


the manner described in Paragraph (b) but ei- 
ther the effect of the composition of the cladding 
shall be considered in calculating the results or 
the cladding shall be substantially removed from 
the sheet or plate before the final sample for 
analysis is prepared. 

Note. — The analysis of clad material 
in the finished state is a difficult matter 
because of the relatively thin layer of 
cladding present and the effect of diffusion 
between the core and cladding during heat 
treatment. A reasonably satisfactory 
determination of the core composition can 
be made if the cladding is substantially 
removed from the sheet before analysis. 
Determination of the cladding analysis is 
considerably more difficult not only because 
of its thinness, but also because diffusion 
causes an indeterminate change in the 
composition. That the correct cladding 
alloy has been used, however, can usually 
be determined reasonably well by a com- 
bination of metallographic examination and 
spectrographic analysis of the surface at 
several widely separated points. 

Table 7. — Add the following chemical 
composition requirements for alloy 61S: 


Copper, per cent ' ; ; ' ' ; ; : ; ; ; ; 

Iron, per cent, max 

Alloy 61S 

O.IS 

0.40 

0.70 

Silicon, per cent ;;;;;;;;;;;; ; ; 

0.4- 

0.8 

Manganese, per cent 

0Vl5 

Magnesium, per cent 

0.8 

1.2 

Zinc, per cent 

Chromium, per cent 

Titanium, per cent, max 

6^20 

0.15 

0.35 

0.15 

Other elements, per cent 
.A.luminum, per cent 

0.05 

0.15 

. , . remainder 


Also add a reference letter d after the word 
^'cladding” in the first column of the table 
referring to the following footnote: 

^ Composition of cladding alloy as applied 
during course of manufacture. Sample from 
finished sheet or plate not required to conform 
with these limits. 

Table II . — ^To correct typographical errors 
in the specifications as preprinted, change 
the tensile strength value for alloy 2S from 
“15,000” to “15,500” for the annealed temper 
in the thickness range 0.250 to 3.000 in.; 
also for alloy 2S change the elongation in 2 in. 
from “18” to “23^’ for the annealed tempera- 
ture in the thickness range 0.250 to 3.000 in. 
For alloy 52S, change the tensile strength from 
“34,000” to “31,000” for annealed temper in 
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the same thickness range; also change elonga- 
tion in 2 in. from “12” to “18.” Also, in the 
as-rolled temper of alloy 52S, change the 
tensile strength from “34,000” to “ 28 , 000 ” 
for thickness range 0.250 to 0.500 in. and 
from “31,000” to “24,000” for thickness 
range 0.501 to 2.000 in. Also change the 
elongation from “9” to “12.” For alloy 
R303 interchange the values for yield strength 
of 65,000 and 60,000 respectively. 

New Sections, — Add the following new 
Sections 11 and 12, renumbering the present 
sections accordingly: 

11. Retests. — If any tension specimen fails 
to conform to the requmements prescribed in 
Table II, two additional specimens shall be 
selected and tested. If either of these specimens 
fails to conform to the applicable requirements, 
the material may be rejected. If, however, the 
failure of the specimens to conform to the re- 
quirements is the result of an inadecpiate thermal 
treatment, the material may be reamiealed or 
reheat treated, as applicable, and resampled in 
accordance 'with Section 9. Only one such re- 
working of the material shall be permitted. 

12. Cladding Thickness (a).— The aluminum 
or aluminum-alloy plates which are bonded to the 
alloy ingot or slab preparatory to rolling to the 
specified thickness of plate or sheet shall be of 
the composition shown in Table I and shall each 
have a thickness not less than that shown as 


follows for the alloy specified: 


Total Composite 

Minimum 

Alloy 

Thickness of Finished 

Thickness of 

Sheet/* in. 

Cladding, in. 

Clad CGI....... { 


0.05 T« 


0.025 T" 

f 

0.024 and under 

0. 10 'F* 

CladCS41...,. .] 

0.025 to 0.039. 

0.075 T« 

0.040 to O.tOl 

0.05 T'* 

i 

0. 102 and over 

0.025 T" 

Clad 2042] 

1 

ail 

0.04 T« 

Clad ZG4oj 



^ ‘‘T” is the total composite thickness in inches. 

(b) When the thickness of the cladding 
is to be determined on finished material, 
not less than three transverse samples 
approximately f in. in length shall be 
mounted to expose an edge perpendicular 
to the plane of the sample and polished 
for microscopic examination. Using a 
magnification of 100 diameters, the 
maximum and minimum coating thickness 
shall be measured in each of five fields 
approximately 0.1 in. apart along both sides 
of the cross-section. The average of the 
ten thickness measurements on each side 
is the average coating thickness and shall be 


not less than 80 per cent of the thickness 
calculated from the above requirements. 

Section 14. — Renumber as Section 16 and, 
to correct an omission, add the following: 
“be rejected. If rejected, the manu- 
facturer’s responsibility shall be limited to 
replacing the rejected material without 
charge to the purchaser. The full weight 
of the rejected material shall be returned 
to the manufacturer.” 

Spec, for Aluminum-Alloy Drawn Seamless 
Tubing 

Spec, for Aluminum-Alloy Bars, Rods and 

Wire 

Accepted as Tentative^ Remsions in: 

Spec, for Magnesium-Base Alloy Sheet (B 90 - 
45 T) 

Spec, for Aluminum-Manganese Alloy Sheet and 
Plate for Use in Welded Pressure Vessels 
(B 126- UT) 

Spec, for Aluminum Sheet and Plate for -Use 
in Wielded Pressure Vessels (B!78-~44T) 

Adopted as Standard^ Revisions in: 

Spec, for -Aluminum Ingots for Re melting 
(B24~44) 

Withdrawal of 7\mialims: 

Spec, for Aluminum-Alloy (Duralumin) Sheet 
and Plate (B 78 - 44 T)' 

Spec, for Aluminum Sheet and Plate (B 25 - 
44T) 

Spec, for Aluminum-Manganese Alloy Sheet 
and Plate (B 79-44 T) " 

Spec, for Aluminum-Allo^y (Duralumin) Bars, 
Rods, Wdre and Shapes (B 89 - 44 T) 

Spec, for Aluminum-Magnesium-Chromium 
Alloy Sheet and Plate (B 109 - 44 T) 

Committee B-8 on Electrodeposited Metallic 
Coatings: 

Report presented, in the absence of the 
chairman, by A. W. Tracy. 

Committee B-9 on Meial Powders and Metal 

Powder Products: 

Reported presented by W. A. Reich, chair- 
man, and the following actions taken: 

Accepted as Tentative: 

Test for Flow Rate of Metal Powders 
Test for Sieve Analysis of Granular M,etal 
Powders 

Test for Apparent Density of Metal Powders 
Method of Sampling Finished , Lots of Metal 
Powders 
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TWENTY-SECOND SESSION-MISCELLANEOUS MATERIALS— TECHNICAL PAPERS 

ON INSLTLATING MATERIALS 

pEiDAy, June 28, 9.30 a.m. 

Session Chairman: Vice-President Arthur W. Carpenter 


Committee B-B on Water for Industrial 
Uses: 

Report presented by Max Hecht, chairman, 
and the following actions taken : 

Accepted as Tentative: 

Test for Dissolved Oxj^^gen in Industrial Waters 
Rec. Practice for Field Sampling of Water- 
Formed Deposits 

Accepted as Tentative, Revisions in: 

Test for Tendency of Boiler Water to Cause 
Embrittlement Cracking of Steel (D 807 - 
44 T) 

Adopted as Sta^tdsrd, Revisions in: 

Method of Reporting Results of Analysis of 
Industrial Waters (D 596 - 41) 

Joint Research Committee on Boiler Feed- 
water Studies: 

An oral progress report presented, in the 
absence of the chairman, by Max Hecht. 

Committee D-5 on Coal and Coke: 

Report presented by A. C. Fieldner, chair- 
man, and the following actions taken: 

Adopted as Standard: 

Test for Free-Swelling Index of Coal (D 720 - 

43T)'^2 

Sampling Coals Classed According to Ash Con- 
tent (D492~43T)/2 with the following 
minor revisions : 

Section 4 {a). — Change the second sentence 
to read as follows by the addition of the 
italicized word and the omission of the word 
in brackets: “This procedure is intended, 
[designed] for an accuracy such that if a 
large number of samples were taken from a 
single lot of coal, the test results in 95 out of 
100 cases would fall within plus or minus 10 
per cent of the average ash content of these 
samples.” Also at the end of this sentence 
add a reference to the following footnote: 
“It is recognized that this accuracy specifica- 
tion may not be obtained for all size groups 


12 These recommendations, not preprinted, were 
accepted by unanimous consent, subject to favorabie letter 
ballot of Committee D-5, which ballot has been favorable 
and the results are given in the report of the committee, 
seep. 373. 


and ranges of ash shown in Table I« Further 
sampling investigations are in progress to ob- 
tain additional data and may result in re- 
vision of the accuracy specification.” 

Adopted as Standard, Revisions in: 

Methods of Laboratory Sampling and Analysis 
of Coal and Coke (D 271 -44)^, comprising 
the inclusion of the tentative revision^® issued 
in June, 1945. 

Committee D-3 on Gaseous Fuels: 

Report presented by A. W. Gauger, chair- 
man. It was announced that the proposed 
Tentative Method of Test for Calorific Value of 
Gaseous Fuels by the Water-Flow Calorimeter, 
which it had not been possible to include in the 
report as preprinted, had been approved by 
letter ballot of Committee D-3 and would be 
presented for acceptance by the Standards 
Committee subsequent to the annual meeting. 

Committee D-6 on Paper and Paper 
Products: 

Report presented by G. H. Hamden, secre- 
tary, and the following actions taken: 

Accepted as Tentative, Revisions in: 

Qualitative Examination of Mineral Filler and 
Mineral Coating of Paper (D 686 *- 43 T) 
Test for Resistance of Paper to Passage of Air 
(D726-43T) 

Test for Ply Adhesion of Paper or Vulcanized 
Fibre (D825- 45T) 

Adopted as Standard: 

Test for Bursting Strength of Paper (D 774 - 
44T 

Test for Effect of Heating on Folding Endurance 
ofPaper (D 776~44T) 

Test for Flammability of Treated Paper and 
Paperboard (D 777 - 44 T) 

Test for Hydrogen Ion Concentration (pH) 
of Paper Extracts (D 778 - 44 T) 

Test for Time of Penetration by Water of Sized 
Paper and Paper Products (Dry Indicator 
Method) (D779-44T) 

Test for Printing Ink Permeation of Paper 
(Castor Oil Test) (D 780 - 44 T) 


13 194S Supplement to Book of A.S.T.M, Standards, 
Fart III, p. 485. 
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Adopted as Standard^ Revisions in: 

Test for Resin in Paper (D 549 - 41) 

Accepted for Publication as Information Only: 

Test for the Bacteriological Examination of 
Paper and Paperboard 

The committee withdrew from the report as 
preprinted the recommendation for adoption 
as standard of the Tentative Method of Test for 
Adhesiveness of Gummed Tape (D 773 - 44 T), 

Committee D~7 on Wood: 

Report presented by Hermann von Schrenk, 
chairman. 

Committee JD-9 on Electrical Insulating 
Materials: 

Report presented by W. A. ZinzoW; secretary , 
and the fallowing actions taken: 

Accepted as Tentative: 

Testing Nonrigid Polyvinyl Tubing 
Test for Dielectric Strength of Insulating Oil 
of Petroleum Origin 

Test for Inorganic Chlorides and Sulfates in 
Insulating Oils 

Spec, for Communication and Signal Pin-Type 
Lime-Glass Insulators^^ (formerly Emergency 
Standard ES - 41) 

Accepted as Tentative^ Revisions in: 

Testing Molded Materials Used for Electrical 
Insulation (D 48 - 45 T) 

Test for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (D 150 - 
45 T), with additional editorial changes 
Sampling and Testing Untreated Paper Used in 
Electrical Insulation (D 202 - 45 T) 

Testing Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation (D 295 
44T) 

Method for Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 - 
45 T), jointly with Committee D~20 on 
Plastics, with Notes 1 and 2 in Section 3 
reworded to read as follows: 

Note 1. — Standard Procedure is generally 
satisfactory and recommended for use unless 
functional procedures are specified. 

Note 2, — Functional Procedure A is recom- 
mended for use wherever the specific effects 
of drying are to be determined. 


Spec, for Laminated Thermosetting Materials 
(D 709~44T), subject to concurrence of 
Committee D-20. 

Spec, for Low and Medium Voltage Pin-Type 
Lime-Glass Insulators (D 730 - 43 T) 

Testing Varnishes Used in Electrical Insulation 

(D 115-41) 

Adopted as Standard: 

Test for Power Factor and Dielectric Constant 
of Natural Mica (D 351 - 42 T), with minor 
editorial changes. 

Adopted as Standard^ Revisions in: 

Test for Insulation Resistance of Electrical 
Insulating Materials (D 257 - 38), with addi- 
tional editorial changes. 

Testing Pin-Type Lime-Glass Insulators 
(D 468 - 42) 

Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229 - 43) 

Testing Tubes Used in Electrical Insulation 
(D 348-42) 

Testing Laminated Rods Used in Electrical 
Insulation (D 349 - 42) 

Test for Grading and Classification of Natural 
Mica (D 351 - 38), xvith minor editorial 
changes 

Test for Acetone Extraction of Phenolic Molded 
or Laminated Products (D 494 - 41)/*'* jointly 
with Committee D-20. 

Committee D-10 on Shipping Containers: 

Report presented, in the absence of the 
chairman, by L. J. Markwardt, and the follo^ving 
action taken: 

Accepted as Tentative: 

Method of Incline-Impact Test for Shi|)ping 
Containers 

Committee D-11 on Rubber and Rubber- 
Like Materials: 

Report presented by Simon Collier, chairman, 
and the following actions taken : 

Accepted as Tentative j Revisions in: 

Test for Compression Set of Vulcanized Rubber 

(D 395- 40 T) 

Testing Cellular Rubber Products (D 552 - 

46 T) 

Testing Asphalt Composition Battery Containers 

(D639-43T) 


This recommendation, ^not preprinted, was accepted 

by unanimous consent, subject to favorable letter ballot This recommendation was accepted by unanimous 

of Committee D-9, which ballot has been favorable and consent, subject to favorable letter ballot of Committee 

the’^results are given in the report of the committee, see D-9, which ballot has been favorable and the results are 

p. 394. _ given in the report of the Committee, see p. 394. 



Forty-ninth Annual Meeting 


31 


Test for Indentation of Rubber by Means of 
the Durometer (D 676 - 44 T) 

Spec, for Rubber and Synthetic Rubber Com- 
pounds for Automotive and Aeronautical 
Applications (D 735 - 43 T) 

Test for Low-Temperature Brittleness of Rubber 
and Rubber-Like Materials (D 736 - 43 T) 
Spec, for GR-M Polychloroprene Sheath Com- 
pound for Electrical Insulated Cords and 
Cables (D 752 - 44 T) 

Spec, for Cellular Rubber Products (D 798 - 
46 T) 

Test for Permeability of Vulcanized Rubber 
or Synthetic Elastomers to Volatile Liquids 
(D814--44T) 

Testing Rubber Adhesives (D816-44T) 
Rec. Practice for Conditioning of Rubber 
and Plastic Materials for Low-Temperature 
Testing (D 832-45 T) 

Spec, for Friction Tape for General Use for 
Electrical Purposes (D 69 - 38) 

Spec, for Rubber Insulating Tape (D 119-38) 

Accepted as Tentative: 

Spec, for Insulated Wire and Cable: Class AO, 
30 per cent Ilevea Rubber Compound (D 27 - 
41),^^' this standard being reverted to tentative 
since the committee plans to incorporate the 
Emergency Alternate Provisions EA - B 
27a. 

Testing Rubber Insulated Wire and Cable 
(D 470 - 41)/<» reverted to tentative for the 
incorporation of the Emergency Alternate 
Provisions EA - 13 470, and also the changes 
recommended for immediate adoption in the 
report as preprinted. 

Adopted as Standard: 

Test for Compression-Deflection Characteristics 
of Vulcanized Rubber (D 575 - 40 T) 

Test for Young’s Modulus in Flexure of Natural 
and Synthetic Elastomers at Normal and 
Subnormal Temperatures (D 797 - 44 T) 
Testing Compressed Asbestos Sheet Packing 
(D 733 - 43 T) 

Adopted as Standard ^ Revisions in: 

Test for Abrasion Resistance of Rubber Com- 
pounds (D 394 " 40) 

Spec, for Insulated Wire and Cable: Heat- 
Resisting Rubber Compound (D 469 -41) 
The recommendation appearing in the report 
as preprinted for the immediate adoption of 


1C These recommendations, not preprinted, were 
accepted by unanimous consent, subject to favorable 
letter ballot of Committee D-ll, which ballot has been 
favorable and the results are given in the report of the 
Committee, see p. 419. 


revisions' in the Standard Method of Test for 
Tear Resistance of Vulcanized Rubber (D 624 - 
44) was withdrawn by the committee. 

Committee D-12 on Soaps and , Other 

Detergents: 

Report presented, in the absence of the 
chairman, by the chair, and the following 
actions taken: 

Accepted as Tentative, Revisions in: 

Def. of Terms Relating to Soaps and Other 
Detergents (D 459 - 45 T) 

Spec, for Milled Soap (D 455 - 39) 

Spec, for Chip Soap (D 496 - 39) 

Spec, for Powdered Soap (D 498 - 39) 

Spec, for White Floating Toilet Soap (D 499 - 
39) 

Spec, for Palm Oil Solid Soap (D 535 - 41) 

Spec, for Palm Oil Chip Soap (D 536 - 42) 

Spec, for Olive Oil Solid Soap (D 592 - 42) 

Spec, for Olive Oil Chip Soap (D 630 - 42) 
Spec, for Chip Soap with Rosin (D 690 - 44) 

Adopted as Standard: 

Chemical Analysis of Soaps Containing Syn- 
thetic Detergents (D820-4ST), as revised 

Adopted as Standard, Revisions in: 

Sampling and Chemical Analysis of Soaps 
(D 460 - 44) 

Sampling and Chemical Analysis of Special 
Detergents (D 501 - 44) 

Reapfirmation of Standards: 

Spec, for Caustic Soda (D 456-39) 

Spec, for Modified Soda (D 457 ~ 39) 

Spec, for Soda Ash (D 458 - 39) 

Spec, for Ordinary Bar Soap (D 497 - 39) 

Committee D-13 on Textile Materials: 

Report presented, in the absence of the 
chairman, by D. C. Scott, Jr., and the following 
cations taken: 

Accepted as Tentative: 

Testing and Tolerances for Rayon Tire Cord 
Test for Compatability of Glass Yarn with 
Insulating Varnish 

Accepted as Tentative, Revisions in: 

Spec, for Woven Asbestos Cloth (D 677 - 42 T) 
Testing and Tolerances for Glass Yarn (D 578 - 
44T) 

Quantitative Analysis of Textiles (D 629 - 

42 T) 
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Def . of Terms Relating to Textile Materials 
(D 123 - 45 T) 

Rec, Practice for a Universal System of Yarn 
Numbering (D 861 - 45 T) 

Test for Fineness of Wool (D 419 - 44) 

Spec, and Test for Fineness of Wool Tops 
(D 472 -41) 

Test for Hard Scoured Wool in Wool in the 
Grease (Laboratory Scale Operations) 
(D 584 -43) 

Spec, for Textile Testing Machines (D 76 - 
45) 

Testing and Tolerances for Tire Cord, Woven 
and on Cones (D 179 - 42) 

Testing and Tolerances for Continuous Filament 
Rayon Yarns (D 258 -44)” 

Adopted as Standard: 

Testing and Tolerances for Rope (Leaf and 
Bast Fibers) (D738-45T) 

Testing and Tolerances for Spun, Twisted, or 
Braided Products Made from Flax, Hemp, 
Ramie, or Mixtures Thereof (D 739 - 45 T) 
Test for Air Permeability of Textile Fabrics 
(D 737 - 43T) 

Adopted as Standard, Rem'ions in: 

Testing and Tolerances for Knit Goods (D 231 ^ 
39) 

Reaffirmation of Standards: 

Spec, and Test for Osnaburg Cement Sacks 
(D 205 -39) 

Spec, and Test for Cotton Goods for Rubber 
and Pyroxylin Coating (D 334 - 40) 

Testing and Tolerances for Certain Carded 
Cotton Gray Goods (D 433 ~ 39) 

Spec, for 0.007-in. Cotton Tape for Electrical 
Purposes (D 335 - 36) 

Test for Strength of Rayon Woven Fabric 
When Wet (D 415 -38) 

Test for Maximum Residual Shrinkage of Silk 
and Rayon Woven Fabrics (D 416 -39) 
Test for Fiber Length of Wool (D 519 - 40) 
Spec, for Terry (Turkish) Toweling (D 505 - 40) 

Committee D -14 on Adhesives: 

Report presented by Henry Grinsfelder, 
secretary. It was announced that the following 
eight new tentative methods had been approved 
by the committee and would be submitted for 
acceptance by the Standards Committee sub* 
sequent to the annual meeting: 

Testing Strength Properties of Adhesives 


i^ This recommendation appeared incorrectly in the 
report as preprinted as a revision of standard for 
immediate adoption. 


Testing Strength Properties of Adhesives in' 
Plywood Type Construction in Shear by 

Tension Loading 

Test for Resistance of Adhesive Bonds to Chemi- 
cal Reagents 

Method for Determining Applied Weight per' 
Unit Area of Water Soluble Adhesive 
Method for Determining Applied Weight per' 
Unit Area of Adhesive Containing Volatile.' 

Solvents. 

Method for Determining Peel or Stripping; 
Strength of Adhesives 

Testing Strength Properties of Adhesives,. 
Tensile Strength 

Rec. Practice for Determining Effect of xArtificial 
and Natural Light on the Permanence of 
Adhesives 

Committee D-16 on Industrial Aromatic 
Hydrocarbons: 

Report presented by J. M. Weiss, chairman, 
and the following actions taken : 

Accepted as Tentaike: 

Test for Specific Gravity of Industrial Aromatic, 
Hydrocarbons 

Accepted as Tentative, Revisions in: 

Spec, for Industrial Grade Benzene (D 836 - 
45 T),^* with an addition to Section 2 of the 
following requirement for acidity: “no free 
acid, that is, no evidence of acidity,’’ with 
appropriate changes in Section 3 referring to 
the applicable test method. 

Editorial Changes Accepted in: 

Test for Acid Wash Color of Benzene, Toluene, 
Xylenes and Similar Industrial Aromatic 
Hydrocarbons (D 848 - 45 T) 

Test for Distillation of Industrial Aromatic 
Hydrocarbons (D 850 - 45 T) 

Committee D-l? on Naval Stores: 

Report presented by V. E. Grotlisch, chair- 
man, and the following actions taken: 

Accepted as Tentative: 

Test for Water in Liquid Naval Stores 
Test for Volatile Oil in Rosin, with a revision in 
Section 2 {a) changing “300-mL pyrex round- 
bottom flask” to read “SOO-ml. round-bottom 
flask” and omit the note; also the addition of 
the following explanatory note to Section 2 {h) : 


18 This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee D- 16 , which ballot has been favorable and 
the results are given in the report of the committee, see 

p. 442. ■ 
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Note. — ^TMs trap is a modification of the 
original Clevenger trap used to recover oils 
lighter than water. In that trap the oil and 
water condensate drop directly into the gradu- 
ated part of the trap. Due to the viscous 
character, the densit^y and surface tension of 
the oils recovered from rosin, cylindrical 
columns of oil were formed below the surface 
of the water in the graduated section of the 
trap, which were not penetrated by the water 
condensed immediately thereafter. This re- 
sulted in alternate columns of oil and water 
in the graduated section. These were re- 
turned to the distilling flask in the same order 
as they occurred, through the side arm of the 
trap. As this condition continued indefi- 
nitely, it was impossible to completely remove 
all the oil from the rosin. By raising the open- 
ing of the side arm of the trap to the position 
shown, to bring the surface of the liquid into 
the wide part of the trap above the narrow 
graduated section, the oil is collected in a 
thinner film, which can be readily penetrated 
by the droplets of water falling from the end 
of the condenser, and only the water is thus 
collected in the narrow graduated section. 
At the end of the test, the oil is slowly brought 
down into the graduated section and its 
volume read. The system or apparatus loss 
amounted to not more than 0.1 ml. of oil. 

Accepted as Tentatm^ Revisions in: 

Def. of Terms Relating to Naval Stores and 
Related Products (D 804 - 45 T), except that 
the definition of the term “Niggre’’ was with- 
drawn by the committee. 

Sampling and Testing Pine Tars and Pine-Tar 
Oils (D856-45T) 

Sampling and Testing Dipen tene (D 801 ~ 44 T) 
with the addition of the following note at the 
beginning of Section 15 (a): 

Note, — If desired, the aniline and mixed 
aniline points of dipentene may be deter- 
mined in accordance with the Tentative 
Method of Test for Aniline Point and 
Mixed Aniline Point of Petroleum Products 
(A.S.T.M, Designation: D 611). 

Sampling and Testing Pine Oil (D 802 - 44 T) 
The recommendation for publication as tenta- 
tive of the Method of Test for Petroleum Spirits 
(Naphtha) Insoluble Matter in Rosin, which ap- 
peared in the preprinted report, was withdrawn 
by the committee. 

Committee D-20 on Plastics: 

Report presented by A. J. Warner, secretary- 
elect,' and the following actions taken: ' 


Accepted as Tentative: 

Method for Estimating Blocking of Plastic 

Sheets 

Test for Tensile Properties of Thin Plastic Sheets 
and Films 

Test for Deviation of Line of Sight Through 
Transparent Plastics^® 

Def. of Terms Relating to Plastics, comprising 
the terms plastic, as an adjective, and pseudo- 
stable. 

Accepted as Teniati Revisions in: 

Spec, for Cellulose Acetate Molding Compounds 
(D 706- 44 T) 

Spec, for Cellulose Acetate Butyrate Molding 
Compounds (D 707 - 44 T) 

Spec, for Nonrigid Vinyl Chloride-Acetate Resin 
Plastics (D742-44T) 

Spec, for Ethyl Cellulose Molding Compounds 
(D787-44T) 

Spec, for Cellulose Nitrate Molding Compounds 
(D701-44T) 

Test for Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D256-43T), 
subject to concurrence of Committee D-9 on 
Electrical Insulating Materials. 

Test for Tensile Properties of Plastics (D 
638 - 44 T) 

Test for Resistance of Plastics to Accelerated 
Service Conditions (D 756 - 44 T) 

Method of Conditioning Plastics (D 618 - 45 T), 
jointly with Committee D-9 
Rec. Practice for Long-Time Tension Tests of 
Plastics (D 674- 42 T), 20 changing this to a 
method of test 

Adopted as Standard: 

Spec, for Cast Methacrylate Plastic Sheets, 
Rods, Tubes, and Shapes (D 702 - 43 T) 
Spec, for Urea-Formaldehyde Molding Com- 
pounds (D 705 - 43 T) 

Test for Shear Strength of Plastics (D 
732 - 43 T) 

Adopted as Standard ^ Revisions in: 

Test for Acetone Extraction (D 494 - 41), jointly 
with Committee D-9 

It was announced that the committee had 
withdrawn from the report as preprinted two 
recommendations; namely, the proposed Method 
of Test for Apparent Density and Bulk Factor 


19 This recommendation, not preprinted, was 
accepted by unanimous consent, subject to favorable 
letter ballot of Committee D-20, which ballot has been 
favorable and the results are given in the report of the 
committee, see p. 462. , . . 

99 This recommendation appeared incorrectly in the 
report as preprinted as a tentative recommended for 
a<foption as standards 
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of Nonpouring Molding Powders, and the adop- 
tion as standard of the Tentative Method of Test 
for Stiffness in Flexure of Nonrigid Plastics 
(B 747-43T). 

It was also announced that the proposed Ten- 
tative Definition of the Term Plastic as a noun 
had been presented prior to the annual meeting 
to the Standards Committee. 

Papers: 

The following papers were presented: 


Water Determination in New and Used In- 
sulating Oils by Doble Method^Frank C. 
Doble, presented by the author. 

Electrical Quality Classification of Raw Mica 
by a Rapid, Direct-Reading Test Method- 
ic. G. Coutlce, presented from manuscript by 
the author, including a motion picture film 
which showed the apparatus and illustrated 
the application of the test method in the classi- 
fication of mica. 


TWENTY-THIRD SESSION-TECHNICAL PAPERS ON PLASTICS AND TIMBER 

Friday, June 28, 2 p.m. 

Session Chairman: J. H. Adams 


Tension and Torsion Creep Properties of Cloth 
Laminates^^ — Joseph Marin, presented by title 
only. 

Effect of Weathering on Insulation Resistance 
of Plastics— Leslie H. Campbell, Arthur H. 
Falk, and Robert Burns, presented from 
manuscript by Mr. Campbell. 

Effect of Temperature and Humidity on 


Mechanical Properties of Molded Cellulose 
Acetate Plastics — W. E. Welch, R. F. Hayes, 
T. S. Carswell, and li. K. Nason, presented 
by Mr. Carl Frosch. 

Alethods for Determining the Specific Gravity of 
Wood and Wood-Base Materials — L. J. 
Markwardt and B. H. Paul, presented from 
manuscript by Mr, Markwardt. 


TWENTY-FOURTH SESSION— TECHNICAL PAPERS ON NON-FERROUS METALS 

Friday, June 28, 2 . 00 p.m. 

Session Chairman: R. L. Templin 


The Notch Sensitivity in Static and Impact 
Loading of Some Magnesium-Base and Alumi- 
num-Base Alloys — J. P. Doan and J. C. 
McDonald, presented by Mr. McDonald. 

Atmospheric and Indoor Aging Studies on Soem 
Aluminum and Zinc-Base Die-Casting Alloys 
— G. R. Gohn and Lucille E. Menges, pre- 
sented by Mr. Gohn. 

Evaluation of the Forming Properties in Bending 
of Five Commercial Sheet Aluminum Alloys — 
G. R. Gohn and S. M, Arnold, presented by 
Mr. Arnold. 


Creep Tests on Some Extruded Lead and Lead 
Alloy Sleeves and Tapes— G. R. Gohn, S. M. 
Arnold, and G. M. Bouton, presented by M'r. 
Gohn. 

A Permeameter for Metals Used in Cathode-Ray 
and Television Tubes — H. J. Evans, presented 
from manuscript by the author. 

Compressive Stress-Strain Properties of Some 
Aircraft M’aterials — P. E. Sandorff and R. K. 
Dillon, presented from manuscript by Mn. F. 
R. Shanley. 


TWENTY-FIFTH SESSION— BITUMINOUS MATERIALS 


Friday, June 28, 2.00 p.m. 
Session Chairman: J. S. Miller 


Committee D^4 on Road and Paving Ma- 
: teriats: 

Report presented by Shreve Clark, chairman, 
and the following .actions taken: 

Accepted as Tentative: 

.Test for Sulfonation Index, of Road Tars 


Accepted as Tentative, Revisions in: 

Sampling Stone, Slag, Gravel, Sand and Stone 
Block for Use as Highway Materials (D 
75~42T) 

Sampling Bituminous Materials (D 140-41 T), 
jointly with Committee D-8 on Bituminous 
Waterproofing' and Roofing Materials 
Spec, for Calcium Chloride (D 98 - 34) 


« ASTM Bulletin, No. 143, December, 1946. 
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Chemical Analysis of Calcium Chloride (D 
345-34) 

Adopted as Standard: 

Spec, for Cut-Back Asphalt (Rapid Curing 
Type) (D597-40T) 

Spec, for Cut-Back Asphalt (Medium Curing 
Type) (D598-40T) 

Test for Abrasion of Gravel by Use of the Deval 
Machine (D289-42T), as revised, subject 
to concurrence of Committee C-9 on Con- 
crete and Concrete Aggregates 

Adopted as Standard^ Revisions in: 

Spec, for Slow-Setting Emulsified Asphalt 
(D 631 - 43) 

Test for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (C 131-44), 
subject to concurrence of Committee C-9 
Test for Sieve Analysis of Fine and Coarse Ag- 
gregates (C 136 - 39) 

Def. of Terms Relating to Materials for Roads 
and Pavements (D 8 - 33) 

Committee D-8 on Bituminous Waterproofing 
and Roofing Materials: 

Report presented, in the absence of the chair- 
man, by W. F. Fair, Jr., and the following ac- 
tions taken: 

Accepted as Tentative^ Revisions in: 

Spec, for Asphalt Roofing Surfaced with 
Powdered Talc or Mica (D 224 - 44 T) 

Spec, for Asphalt Roofing Surfaced with Coarse 
Mineral Granules (D 249 - 45 T) 

Sampling Bituminous Materials (D 140 ~ 41 T), 
jointly with Committee D-4 on Road and 
Paving Materials 


Adopted as Standard: 

Spec, for Asphalt Shingles Surfaced with Coarse 
Mineral Granules (D 225 - 44T),' as revised 

Adopted as Standard^ Revisions in: 

Spec, for Wide Selvage Asphalt Roofing Sur- 
faced with Coarse Mineral Granules (D 
371-44) 

Spec, for Asphalt Siding Surfaced with Coarse 
Mineral Granules .(D 699 - 44) 

Committee D-IS on Soils for Engineering 

Purposes: 

Report, not preprinted, presented from manu- 
script, in the absence of the chairman, by K. B. 
Woods. 

Papers: 

The following papers were presented: 

Ten Years’ Outdoor Exposure of Filled Asphalt 
Coatings on Saturated Felts^^ — G. L. Oliensis, 
presented by the author. 

Development of a Method of Test for Soil 
Bituminous Materials — E. 0. Rhodes and 
P. F. Phelan, presented from manuscript 
by W. F. Fair, Jr. 

Laboratory Investigation of Anti-Stripping Ad- 
mixtures Used for Promoting Wetting Power 
and Adhesion Between Bitumens and Aggre- 
gates — ]. C. Sprague, presented by Burton 
Bell. 

There being no further business, the Forty- 
ninth Annual Meeting adjourned sine die. 

August, 1946. 
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The time-honored method of deter- 
mining future trends is to assume that 
things will keep to their courses until a 
serious disruption causes a change in 
direction. By going backward a few 
years, it is seen that our people are look- 
ing more and more to government for 
the management of affairs. Recent 
events reveal that this may become a 
more and more entrenched habit of our 
people. All of us are mindful of the tre- 
mendous technical advances that have 
taken place. It now' behooves us to take 
stock and determine if the politician and 
the legislator alone can be depended upon 
to handle the problems that arise in the 
path left by scientific advances. Cer- 
tainly, they must be assisted by tech- 
nologists to a comprehension of these new 
forces. Neither the engineer nor the 
politician alone can be expected to solve 
these problems. I wish to plead there- 
fore for a more active participation of the 
engineer in national and international 
affairs. 

It is clear that the rdle of the politician 
is to get people to do things. They col- 
lect and add direction to public will. 
They espouse and sharply define issues 
and direct public affairs. 

The time-honored position of the en- 
gineer or technologist is to do the staff 
work. The politician looks to him for 

1 Materials Engineer, Bell Teleplione Laboratories, New 
York,N.y. 


information but distrusts his advice on 
human affairs. The physical laws with 
wdiich the engineer is most familiar are 
constant. The politician regards the 
engineer as living in an ivory tower and 
feels that the engineer’s standards are 
too rigid. The rules that are used in 
human affairs must be elastic and adjust- 
able to the circumstance. 

The engineer, on the other hand, fre- 
quently has contempt for the politician. 
This contempt leads to distrust and 
avoidance. These, of course, are symp- 
toms of lack of comprehension and ap- 
preciation of what the politician can do 
in the practical sense of getting people to 
work. 

Out of this emerges the duty of every 
engineer to make his contribution to 
political thought. The A.S.T.M., be- 
cause of the nature of its work, is partic- 
ularly fitted to spearhead and show 
leadership in its contacts with the Gov- 
ernment on technical matters. The en- 
gineer’s most direct contact with political 
thought is through his client or his man- 
agement and his membership in technical 
societies. He should think of manage- 
ment problems, public relations, develop- 
ments in political and physical science 
and use every opportunity to apply his 
brains to the management of human 
affairs at his own level. 

I have never pretended to be anything 
but an engineer. It is continually in- 
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triguing to me to solve engineering prob- 
lems, and I have been stimulated by the 
human experience of working in a -con- 
structive and cooperative way with many 
engineers. There is a special significance 
to this. The training of the engineer 
should be in line with what Thomas Hux- 
ley had to say of education, namely, “the 
instruction of the intellect in the laws of 
nature under which name I include not 
merely things and their forces, but men 
and their ways.’’ Now, the engineer can 
measure things and their forces; can de- 
fine and describe stuff; but only much 
experience and association with many 
human beings will teach of man and his 
ways. 

But engioeering is not always looked 
upon too favorably by the intelligentsia 
of science. To them it seems a debased 
art, fortuitous at best, based on compro- 
mise and not always upon rigorous and 
fundamental thinkmg. To the man on 
the street, engineering is taken for 
granted. This impression is nearly al- 
ways created by good engineering, since 
the best engineering solution is a simple 
one and on the face of it this looks easy. 
An engineer is thus seen to be a simple 
fellow, dealing with practical affairs with 
what means he has at hand, and satisfied 
with an agreeable solution. 

There is more here than first meets the 
eye: The present situation in the world 
presents a soul-searching problem. We 
are overcome with fear and its partner, 
distrust. We feel insecure socially, 
politically, and economically. Each day 
there is revealed in the press new and 
more fearsome weapons. Can we trust 
the present leaders of men with such in- 
exorable forces? Ill the field of com- 
merce cur economy is threatened by 
pressure groups, led by d3niamic but 
selfish men. Despite arresting protests, 
these leaders tend to deprive us of choice. 
No opportunity is presented for con- 
sultation and negotiation, but instead we 


have the unpleasant spectacle of unre- 
strained human nature. Yet, the 
World’s work requires that men be or- 
ganized, marshalled, directed, and led if 
our civilization is to succeed. 

I am not suggesting here that these 
problems be turned over to the engineer. 
We engineers are a modest lot. Experi- 
ence has chastened and taught us 
through our many mistakes that trouble 
is to be foreseen and that human reform 
is slow at best. B ut material civilization 
is moving on. There are many new 
things to be assessed and weighed. No 
longer can we solve our engineering prob- 
lems with Newtonian mechanics and ele- 
mentary chemistry. On the surface it 
seems fashionable for our young en- 
gineers to be concerned with electronics, 
plastics, supersonics, atomic physics, and 
the like. An engineer cannot be a master 
of all of these fields of activity. However, 
he must acquire knowledge of their pos- 
sibilities and limitations and understand 
how they may be adapted and applied to 
human use. 

Please do not misunderstand me. It 
is not necessary for an engineer to be 
skilled in every subject under the sun. 
Capacity will automatically limit this 
for the individual. I do not feel either 
that the engineer should follow all of the 
sociological and economic fads of the 
present. A well-balanced ration of 
thinking, as applied to human needs, will 
take care of this. 

The way of the legislator, and public 
servant, has not been made any smoother 
by recent events either. It has long been 
the tradition in America that social and 
economic reform can be brought about by 
political reform. This has involved the 
time-honored process of voting out the 
“ins.” Alas, this will provide little in 
the solution of our problems. Knowl- 
edge of political philosophy alone and its 
practical application, while an important 
factor in the field of affairs, is not suffi- 
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cient and caiinot solve such problems as 
now beset all of us. Science and tech- 
nology have provided us with potent 
things that must be ' directed for the 
benefit of all hmnan kind. We thus have 
a triumvirate: Government^ business^ and 
a third party who is a master of tech- 
nology. I submit that this third party 
should be the engineer. 

Throughout history, the most potent 
force for binding men together has been 
fear. The striving for security has kept 
families, tribes, and nations together. 
We, in America, have populated a new 
continent, possessing good climate, rich 
lands, and great mineral wealth. The 
exploitation of this natural wealth, under 
our private enterprise system, has 
brought security and prosperity. We 
engineers have had good clients. Amer- 
ica has more engineers than any other 
nation. 

It was my privilege last spring to visit 
defeated Germany and to investigate at 
first hand its scientific and engineering 
methods. My approach to this problem 
was objective. I prepared myself for the 
trip by setting forth in my mind the prin- 
cipal problems of engineering materials 
in the field of communications which was 
to be my specialty. It would thus be 
possible to recognize and compare their 
methods of solution of these problems 
with our own. This proved in experi- 
ence to be a fruitful approach and much 
of importance was revealed. But the 
over-all sociological picture presented by 
Germany was overpowering and es- 
pecially significant in our present dis- 
cussion. 

The German system required a long 
apprenticeship and hence their ordinary 
workmen were highly skilled. This had 
the effect of reducing the need for super- 
vision, detailed drawings, process specifi- 
cations, and engineering. There' were 
many technically trained people in Ger- 
many, and since there were few' head 


positions to aspire to, there was much 
competition in the lower technical ranks 
and those that won out were very com- 
petent people indeed. Whereas this sys- 
tem produced much individually fine 
work, their production methods had 
much less output than ours. They had 
little knowledge of high-speed production 
machinery and hence they had to have 
recourse to more and more hand labor. 
This led to the drafting and use of slave 
labor. Every plant I visited had from 
ten to eighty per cent such slave labor. 
In spite of the many new devices and the 
excellent utilization of science, Germany 
was defeated. This defeat was due more 
to logistics, to the overwhelming weight 
of our arms, and thus to our industrial 
production and productive capacity 
than to the use of new weapons. 

There is here a most interesting para- 
dox which caused me much speculation. 
They had excellent science, an ordered 
society, autocratic rule, scientific direc- 
tion; yet they failed. The answer lies in 
this. There was a profound difference 
between the German and the American 
ideology. The Germans had authority, 
obedience, efficiency, and a ruthless 
scientific logic. There was no place for 
sentiment or humanity in their philoso- 
phy. The American philosophy, while 
subject to close Governmental control 
and discipline, yet permitted self-deter- 
mination, We harmonized the prin- 
ciple of self-determination with efficiency 
by invoking the team spirit where ever}' 
man working together can contribute his 
best. The Germans by their use oi 
authority, slave labor, and utter dis- 
regard for human values, completely ig- 
nored psychological for material values. 
Our system provided the hope for human 
development. Theirs contained no hope 
but for the elite. It should be clear that 
our system provided freedom of choice, 
thus stimulating achievement. Human 
values were not. subordinated to me- 
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chanical efficiency. Herein is a profound 
lesson. 

It is folly to suggest that only the 
technical man should manage or direct 
public affairs. Human affairs must be 
settled by compromise and adjustment. 
The answer is never a rigorous one except 
in the broad principles based on the 
proper human selection of values. The 
rigorous method of the scientist will not 
do. On the other hand, the legislator 
does not understand or appreciate the 
nature of modern industrial processes or 
developments. He needs the help of the 
technologist to reveal the facts so that he 
may assess the human values. 

Here, then, is the problem in simple 
terms. The Nazi ideology had used 
science wrongly. We must assess the 
facts of science and set the proper human 
values. I now ask you, why not have 
the engineer complement to a much 
greater extent the thinking of the legis- 
lator? 

In a significant article by Morris L. 
Cooke in the September, 1945, issue of 
Mechanical Engineerings it is demon- 
strated that the engineer, while being the 
best equipped to adopt such a role, is in 
fact less concerned with public affairs 
than almost any other class of individual. 
The situation thus portrayed is shocking 
indeed. 

Among all of the technical societies, it 
seems to me that A.S.T.M. is the best 
training ground for the engineer to ac- 
quire the experience needed in compro- 
mise and evaluation of the facts of science 
ill human affairs. The work of our 
Society deals in devising and adopting 
methods of test. Only by such tests can 
we judge the value of an improvement 
or compare two or more products for a 
specific use. These tests are adopted 
only after very careful study, using the 
results of a number of investigators. 
Modifications are made and compromises 
are permitted so that all concerned may 


find it convenient to carry out the tests. 
These tests are then applied to a prod- 
uct, and tolerable limits are set by con- 
ference between producer and consumer 
and a new standard is born. Commer- 
cial selfish interests are in the background 
during this process. The steps are clear : 
first, recognition of a need; then investi- 
gation of facts, compromise and adop- 
tion. Experience provides limits and 
these are adjusted to form a new stand- 
dard. All of the work is voluntary. 
There is no coercion. 

During the war, a vast number of 
standards, emergency standards, and 
emergency alternate provisions were de- 
vised and promulgated. Many of our 
specifications and tests were used with- 
out change by the Government. Some 
were developed at the specific request of 
the Government to meet some special 
need. Many of our members advised 
Governmental bureaus on a host of sub- 
jects. This work was in the best Ameri- 
can tradition — cooperative, informative, 
constructive, and freely given. 

In the philosophy of the future work of 
A.S,T.M., cooperation with Government 
departments looms large as well as with 
the scientific and engineering work of the 
other technical societies. Our Society is 
taking an active interest in this work and 
will be prepared to supply engineering 
tests as may be needed. It is likely that 
legislation will be necessary to bring the 
advantages of standardization to the ul- 
timate consumer. Members of our So- 
ciety should be prepared to assume the 
responsibility of the third member of this 
new triumvirate of Government, busi- 
ness, and technology. 

As individual engineers and as mem- 
bers of A.S.T.M. it is our duty to our- 
selves as Americans, and to our profes- 
sion as engineers, to take a more active 
part in public affairs. We can ail help 
no matter where we are located or how 
situated. We can aid our feEow citizem 
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and our legislators to assess the facts of 
modern technology and to assist in the 
comprehension of true human values so 
that our fellow citizens may, in the exer- 
cise of the privilege of selecting what they 
think best, have the opportunity to use 
the best intelligence possible. 

In conclusion, may I offer one more 
quotation from Thomas Huxley: 

^‘And, if the evils which are inseparable 
from the good of political liberty are to 
be checked, if the perpetual oscillation 
of nations between anarchy and despo- 


tism is to be replaced by the stead}?' 
march of self-restraining freedom; it will 
be because men will gradually bring 
themselves to deal with political, as they 
now deal with scientifical questions; to be 
as ashamed of undue haste and partisan 
prejudice in the one case as in the other; 
and to believe that the machinery of 
society is at least as delicate as that of a 
spinning-jenny, and as little likely to be 
improved by the meddling of those who 
have not taken the trouble to master the 
principles of its action/^ 
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The Executive Committee reports 
upon Society activities in a year that 
has seen the termination of actual war- 
fare, but not the establishment of peace, 
nor hardly more than an approach to a 
condition of economic and social sta- 
bility. Most of the year since the last 
annual meeting has comprised a post- 
war period in which actual war emer- 
gencies were ended so far as material 
production is concerned; and although 
there are still critical shortages in certain 
materials, it has been considered desir- 
able to “reconvert’’ Society activities 
as quickly as possible to a peace-time 
basis. An important step in this direc- 
tion is the administrative and staff 
reorganization, discussed later, which 
it is expected will contribute in an im- 
portant way to the “streamlining” of 
organization and procedure to aid our 
technical activities. This is especially 
true of the functioning of the adminis- 
trative committees and the staff men 
who will maintain contact with the tech- 
nical committees. 

The value to the members of the op- 
portunity of meeting for presentation 
and discussion of data on tests of mate- 
rials, for the formulation of standards, 
and for renewal of personal contacts 
and exchange of experiences in the 
materials field was forcibly brought home 
to us in 1945 when this opportunity was 
denied by war-imposed restrictions on 
travel and hotel facilities. Accordingly, 
the large gathering of A.S.T.M. mem- 
bers in Pittsburgh last February for the 
Spring Meeting and Committee Week — 
the first since the annual meeting in 
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June, 1944— was a most welcome event; 
and this year’s annual meeting, for 
which one of the finest technical pro- 
grams in the Society’s history has been 
developed, together with a most promis- 
ing exhibit of testing apparatus and 
equipment, may well bring to Buffalo 
the largest attendance we have yet had. 
Certainly interest and anticipation in 
the opportunity for the first such meet- 
ing in two years is high throughout the 
membership — a most healthy sign of the 
fundamental vigor and strength of our 
Society. This opportunity to resume 
the functioning of A.S.T.M. through its 
annual meeting will contribute its own 
important part to the acceleration of 
our activities previously mentioned. 

In many ways the committees of the 
Society have converted quickly from a 
war-time to a peace-time basis, as will be 
evident from the reports for this annual 
meeting. Research projects dropped 
during the war are being resumed, and 
new work based on technologic advances 
from war researches is being started. 
A more normal schedule of meetings 
has been possible for most committees; 
improved transportation conditions have 
contributed to better attendance, and 
at committee meetings this year there 
has been in evidence a keen interest in 
seeing that progress is made along all 
lines. 

A reading of this report and of the 
appended reports of the administrative 
committees will reveal much progress in 
the expansion of technical acti/ities, 
evidenced by the organisation of new 
technical committee) and by the plans 
of the administrative committees deal- 
ing with simulated service testing and 
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ultimate consumer goods. District ac- 
tivities have not been neglected, and 
this important side of the Society’s 
functions will be greatly developed in 
the coming years. 

The acquiring of permanent headquar- 
ters ill a building owned by the Society 
marks an iiiiportant milestone in our 
history— made all the more significant 
by the manner of its establishment 
through the generous gifts of the mem- 
bers themselves. A more convincing 
demonstration of the value of the Soci- 
ety to its members and the regard in 
which it is held could hardly be ex- 
perienced, and the desire of the mem- 
bers to see the headquarters established 
in a setting commensurate with the posi- 
tion of the Society in the science and 
industry of our country has been an 
inspiration to the Executive Committee. 

The Executive Committee has de- 
voted much time to the implementation 
of policies announced a year ago, and 
the more significant accomplishments 
are presented in subsequent sections of 
this report. 

Much thought is also being put on 
planning for the foreseeable develop- 
ments of the future, with particular con- 
sideration to the financial aspects of 
such planning. A reading of the later 
section of this report devoted to 1946 
finances will show how the financing of 
our immediate expansion is planned, 
that is, by drawing upon surplus that 
has been set aside in recent years for 
just such a purpose. As noted there, 
it can be expected from all past ex- 
perience that new technical activities 
will in due time pay their own way — 
indeed, this is the only practicable way 
in which new work can be undertaken. 
Expansion beyond that immediately in 
hand can readily be foreseen for several 
years ahead, and this too should be sup- 
ported by a higher level of income re- 
sulting from increased membership and 


publications developed from the new , ac- 
tivities. But, coincident with this 
technical expansion — and the concomi- 
tant expansions of staff— we are already 
entering a period of higher costs, both 
for services (wages and salaries, our 
own and those of others affecting 
services to us) and goods (publications, 
supplies, etc,). In the one item of 
publications alone, the costs for 1946 
in various categories of printing have 
increased from 10 to 20 per cent. The 
adjustment of wage and salary scales 
to present trends, together with staff 
expansion, has increased the salary 
budget for 1946 by approximately 20 
per cent over 1945. Other expenses 
are growing in proportion. These con- 
siderations point to the necessity of ade- 
quate financing of Society operations; 
the increased costs must be met from 
increased income, of which the three 
principal sources are membership dues; 
publication sales, and advertising. Care- 
ful attention is being given to the pricing 
of publications, especially for subscrip- 
tion or sale to non-members, commen- 
surate with their growing intrinsic values 
and the costs of printing them. Ad- 
vertising rates for our publications are 
being examined. The Executive Com- 
mittee is also studying the adequacy of 
the present membership dues in relation 
to the publications and other services 
that the members receive for their dues, 
a problem that is intimately asso- 
ciated with the methods of publishing 
the papers, reports and standards of the 
Society and with determining ^Svhat” 
and ^^how much” publications a member 
should receive for the dues. The prob- 
lem also suggests the need for 'a far 
broader membership base than we have 
at present, despite the steady growth of 
the past five years. 

The , importance of these matters to 
the well-being and sound development of 
the Society is obvious, and they will 
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receive the close attention of the in- 
coming Board of Directors as it takes 
up its duties after the annual meeting. 

Final Report of Study Committee: 

The work of the Special Study Com- 
mittee has been described in the two 
preceding annual reports, where refer- 
ences were made to the recommenda- 
tions presented in three interim reports 
to the Executive Committee. Thus, 
the 1945 report cites policies adopted 
and put into practice upon the basis of 
Study Committee recommendations, 
among which are extension of work in the 
field of ultimate consumer goods, new 
work undertaken in the field of simu- 
lated service testing involving parts and 
assemblies, the reorganization of the 
administrative set-up of the Society, 
Including headquarters staff, and changes 
in the publication of technical papers 
and discussions and of the Bulletin. 

The final report of the Study Com- 
mittee was presented to the Executive 
Committee at the quarterly meeting in 
January, 1946, at which the Executive 
Committee considered all comments 
and recommendations that had not been 
covered in previous reports. The prin- 
cipal Society activities and problems 
thus dealt with include: Membership, 
meetings, promotional activities, tech- 
nical committee organization and func- 
tioning, research activities, certain 
cooperative relations with the Federal 
Government, the formation of technical 
dmsions in the Society, the activities of 
the Cement Reference Laboratory and 
possible extension of such activities in 
other fields, and finally suggestions for 
new fields of work in the Society. 

Perhaps the most important and far- 
reaching of these, dealt with the or- 
ganization and functioning of the tech- 
nical committees, and here the Study 
Committee has included many sugges- 
tions ■ and formal recommendations. 


Some of these will require further study 
and conference with the officers of tech- 
nical committees, for example, proposals 
for reorganization of Committee E-1 
on Methods of Testing, Other recom- 
mendations have been approved and 
will be implemented in due time, such 
as: Means of increasing consumer repre- 
sentation and active participation in the 
technical committees; the importance 
of giving more consideration in our 
committee work to the significance of 
tests; and the importance of the Society 
taking vigorous initiative in the develop- 
ment of its research and standardization 
programs, in expansion of its activities, 
and in the continued appraisal of its 
potential services to industry. 

In accepting the Study Committee’s 
report and in finally discharging the 
committee, the Executive Committee 
through a formal resolution expressed 
its thanks and appreciation to the mem- 
bers of the committee for their valued 
services in reviewing so critically and 
comprehensively the Society’s structure 
and activities and developing so many 
constructive recommendations. 

It has been decided to distribute suit- 
ably annotated copies of the Study 
Committee report to the members of 
administrative committees and to the 
officers of technical and district commit- 
tees, and further to publish from time 
to time in the Bulletin suitable articles 
based upon various sections of the report. 

Technical Activities: 

Since VE and VJ days there has been 
a resurgence of technical committee 
work that had been slowed down in the 
latter months of the war by restrictions 
on travel and meetings imposed by the 
Office of Defense Transportation. The 
end of the war emergency and the re- 
lease for general industrial applications 
of technological developments of the 
war have provided many opportunities 
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for expansion , of technical activities, 
which is reflected in the formation of a 
number of new technical committees 
and in the publication of papers de- 
scribing researches in materials. 

The Society's work in the field of re- 
search was perhaps the hardest hit of 
any by war restrictions, and it has there- 
fore been particularly gratifying to not^ 
the resumption by our committees of 
many research projects just as quickly 
as they could be taken up following the 
end of the war. Reference to adminis- 
tration of research work will be found in 
the appended report of the Administra- 
tive Committee on Research. 

Standardization activities on the other 
hand were continued actively in many 
fields during the war, and the appended 
report of the Administrative Committee 
on Standards records various develop- 
ments of the past year. Current com- 
mittee reports record much progress, 
both in new tests and specifications and 
in revisions to keep abreast of progress. 

The Executive Committee believes 
it desirable that the emergency alternate 
provisions and emergency standards, 
which served such a useful purpose dur- 
ing the war, should be discontinued now 
that the emergency is over. All tech- 
nical committees were therefore advised 
that these emergency requirements 
should be discontinued as such after 
July 1 , 1946, Accordingly the tech- 
nical committees having such emergency 
requirements under their jurisdiction 
have been engaged in reviewing these 
items to determine whether they should 
be dropped or incorporated in the stand- 
ards. The committees will report their 
recommendations in these matters either 
to the Annual Meeting or to the Ad- 
ministrative Committee on Standards. 
The Executive Committee is prepared 
to consider any instances where a com- 


mittee feels strongly that some excep- 
tion to this general policy is necessaiy. 

In connection with this action the 
Procedure for Emergency Provisions 
and Standards^ has been discontinued. 

The appended reports of the Adminis- 
trative Committee on Simulated Service 
Testing and the Administrative Com- 
mittee on Ultimate Consumer Goods 
record important developments in these 
two new fields of work upon which the 
Society has entered this past year. 
The organization of three new commit- 
tees of the Society has already developed 
from the work of these two administra- 
tive committees. On the recommenda- 
tion of the Administrative Committee 
on Simulated Service Testing tlie follow- 
ing new committees have been, estab- 
lished: Co.mmittee E-6 on Methods of 
Testing Building Constructions, organ- 
ized early this year under the chairman- 
ship of L. J. Markwardt, Forest Products 
Laboratory; and Committee E-9 on 
Fatigue (which will include the present 
Research Committee on Fatigue of 
Metals), to be o,rganized during the 
annual meeting under the temporary 
chairmanship of R. E. Peterson, West- 
inghoiise Electric Corp. In organizing 
this committee, it is not intended that 
current work on this subject in certain 
committees of the Society be discon- 
tinued; on the contrary it is desired to 
stimulate all such work and it will be a 
function of the new committee to coor- 
dinate the development of fatigue tests 
by the technical committees. 

As a development from discussions in 
the . Administrative Committee on . Ul- 
timate Consumer Goods, steps are being 
taken to organize a new technical com- 
mittee on Engine Antifreezes. A pre- 
liminary meeting of selected producers 
and consumers of these products was 
'held early this year in Pittsburgh to 

U94S Year Book, p. 454. 
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explore the field and suggest a scope of 
activities for such a committee. On the 
basis of the recommendations of this 
group the Executive Committee has 
authorized the organization of the com- 
mittee and has designated' H. R. Wolf, 
General Motors Corp., as temporary 
chairman. The following scope has been 
tentatively approved: 

The study of engine antifreezes. This will 
include terminology, identification and classifica- 
tion; methods of sampling and testing; interpre- 
tation and significance of tests; and the prepara- 
tion of specifications. 

On the recommendation of the Ad- 
ministrative Committee on Standards a 
new technical committee on Asbestos- 
Cement Products was organized on June 
6 under the temporary chairmanship 
of D. E. Parsons, National Bureau of 
Standards. The following scope for 
the committee is under consideration: 

The formulation of specifications, definitions 
and methods of test for asbestos-cement sheet, 
shingles, siding, and other products. 

The organization of this committee 
was determined upon after an extensive 
canvass of both producers and con- 
sumers of such products, which estab- 
lished clearly that asbestos cement is 
an important building material for which 
there is definite need for methods of 
test and specifications. 

The Executive Committee has also 
authorized the organization of a new 
technical committee on Oxychloride Ce- 
ment. This decision is related to the 
organization under the joint sponsor- 
ship of this Society and the National 
Bureau of Standards of a Sectional 
Committee on Specifications for In- 
stallation of Oxychloride Cement Floor- 
ing under the procedure of the American 
Standards Association. A survey of 
this field established the fact that there 
is a clear need for tests and specifications 
for oxychloride cement as such, not 


alone for use in flooring but in connec- 
tion with other uses of this type of 
cement, such as with refractories, water- 
proofing and heating compounds. L. 
S. Wells, National Bureau of Standards, 
has been designated as chairman pro tern 
and selection of the personnel of the 
committee is now being made. 

In its report a y’^ear ago^ the Executive 
Committee referred briefly to war-time 
developments in quality control of mate- 
rials arid their significance to the work 
of the Society and announced a decision 
to form a separate standing . committee 
of the Society on this subject. During 
the year this subject has been studied 
by an organizing committee appointed 
by the Executive Committee and consist- 
ing of PL F. Dodge, chairman, A. G. 
Ashcroft, G. H. Hamden, H. F. Hebley, 
F. T. Mavis, R. F. Passano and A. E. R. 
Westman. On the recommendation of 
this group the new committee is now 
being organized as Committee E-11 on 
Quality Control of Materials, and will 
function under the following statement 
of scope: 

The committee is organized to promote the 
knowledge of quality control methods and their 
application to specifications and methods of test. 
By quality control methods is meant those 
methods that have been developed on a statisti- 
cal basis to control the quality of product 
through the proper relation of specification, pro- 
duction, and inspection as parts of a continuing 
process. 

The committee is authorized to sponsor 
papers and discussions; to prepare reports,, 
manuals and recommended practices; and to aid 
and advise the committees of the Society on the 
application of quality control methods in: (a) the 
collection, analysis, interpretation, and presenta- 
tion of data; (b) preparing specifications and 
methods of test; {c) establishing specified limits 
in specifications, including the designation of 
numerical requirements; (d) preparing accept- 
ance sampling plans to be used for determining 
conformity to specifications; and (fi) setting up 
sampling plans for control of quality in manu- 
facture. 

Proceedings ^ Am. Soc. Testing Mats., Vol. 45, p*. 21 
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It has been considered desirable that 
the membership of the committee should 
be limited for the present to 25, with the 
understanding that subcommittees es- 
tablished to work on specific projects 
will draw membership from qualified 
members of interested technical com- 
mittees of the Society. A formal meet- 
ing for organization was held on June 10 
under the temporary chairmanship of 
H. F. Dodge, Bell Telephone Labora- 
tories. With the organization of this 
committee there has been transferred 
to it responsibility for the work of two 
committees of Committee E-1 on 
Methods of Testing, namely, those on 
Interpretation and Presentation of Data, 
and I3esignation and Interpretation of 
Numerical Requirements. 

The Executive Committee is dis- 
cussing with Committee E-1 on Methods 
of Testing plans for the reorganization 
of that committee, based in part upon 
review by the Study Committee of the 
rdle in Society affairs of this important 
committee on testing. The committee 
work of the Society has grown so much 
in the 25 years since Committee E-1 
was organized on its present basis that 
a reappraisal of the work of the com- 
mittee and its relation to the work of 
other committees of the Society is 
needed. 

Committee D-2 on Petroleum Prod- 
ucts and Lubricants has during the 
year expanded its work to cover the de- 
velopment of specifications for diesel 
fuel, tractor fuel, and aviation fuel, for 
which purpose the committees working 
in these fields will be made much more 
widely representative of the consuming 
interests. The committee is also creat- 
ing a new group to be responsible for 
work on recommended practices for 
procurement of lubricants. On the 
recommendation of the Administrative 
Committee on Standards, Committee 
D-2 has undertaken the organization of 
a new committee on cutting oils. 


With the increasing complexity of 
industrial materials and constructions 
we are finding that scopes of some of the 
technical committees overlap to. an 
increasing degree, requ.iring adjustments 
by the Executive Committee. Several 
such cases were taken up during the year, 
as follows: 

The reorganization of Committee D-IO 
on Shipping Containers, as noted in the 
report a year ago, presented a problem 
of overlapping of jurisdiction with Com- 
mittee D-6 on Paper and Paper Prod- 
ucts. It has been decided that Com- 
mittee D-10 shall have jurisdiction for 
all work in the Society on the develop- 
ment of tests and specifications for 
containers, which will include containers 
made of fiberboard, but tlia.1 the deveiop- 
ment of tests and specifications for 
fiberboard itself shall remain in the 
jurisdiction of Committee D-6. Cer- 
tain methods of test for containers de- 
veloped by the latter committee have 
been transferred to the jurisdiction of 
Committee D-10. It is understood that 
the two committees will cooperate one 
with the other so that there is proper 
coordination between the tests and 
specifications for fiberboard on the one 
hand and tests and specifications for 
fiberboard containers on the otlier. 

The development of Methods of Test 
for Ply Adhesion of Paper and Vulca- 
nized Fiber prepared by Committee 
D-6 on Paper and Paper Products raised 
the question whether such portion of 
these methods as relate to vulcanized 
fiber should be in the jurisdiction of 
Committee D-9 on Electrical Insulating 
Materials, which has worked upon such 
products for a number of years. A 
.conference of representatives of the two 
committees was arranged. It has been 
agreed that vulcanized fiber is essentially 
a paper. Therefore, jurisdiction with 
respect to mechanical tests of, vulcanized 
fiber and vulcanized' fiber products has 
been assigned to Committee D-6, 



Annual Report op the Executive Committee 


47 


whereas Committee D--9 will continue 
to have jurisdiction over ail electrical 
tests of vulcanized fiber as well as the' 
preparation of specifications for vul- 
canized fiber for electrical uses. It Is 
understood that frequently Committee 
D-9 can make use of general specifica- 
tions prepared by Committee D-6, in- 
corporating such additional requirements 
as might be needed so far as electrical 
uses are concerned . In connection with 
this ruling the Executive Committee has 
asked that Committee D-6 increase the 
representation of producers and con- 
sumers of vulcanized fiber on that 
committee. 

Consideration of this subject has led 
to a suggestion that the work of the 
Society in this and similar fields might 
be facilitated through the establishment 
of a coordinating committee dealing 
with materials falling within the scope 
of such committees as D~6, D-9, D-20 
on Plastics, D-7 on Wood, C46 on 
Thermal Insulating Materials, D-11 on 
Rul:;)ber and Rubber-Like Materials, 
and possil)ly D-LI on Textile Materials. 
This suggestion is at present under con- 
sideration. 

The field of work assigned to Com- 
mittee D-ld on Industrial Aromatic 
B[ydrocarl:)ons overlaps that assigned 
to , Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products in that 
these hydrocarljons are used in the 
manufacture of products within the 
scope of the latter committee. It has 
been decided in conference with the two 
committees that standards covering aro- 
matics may be developed by Commit- 
tee D-1 as they relate specifically to 
application to paint, varnish, lacquer 
and related iiroducts, while it will be 
witliin the jurisdiction of Committee 
I)-16 to develop specifications of gen- 
eral character for all the aromatic 
hydrocarbons.. To facilitate the ad- 


justment of possible future questions of 
jurisdiction between the two committees 
and to harmonize any conflict in stand- 
ards under the jurisdiction of each, there 
has been established a joint conference 
committee of the two committees. 

Since different units for measurement 
of vapor transmission are currently 
used in different industries, for example, 
one system being current in the field of 
heating and ventilating engineering and 
another with respect to various paper 
products, there has been formed a liaison 
subgroup among the following com» 
mittees of the Society to correlate their 
work on expression of vapor transmis- 
sion measurements: C-16 on Thermal 
Insulating Materials, D-6 on Paper and 
Paper Products, D-1 on Paint, Varnish, 
Lacquer, and Related Products, D-10 
on Shipping Containers, and D-20 on 
Plastics. 

During the year it was decided by 
agreement between the two committees 
concerned that specifications for deoxi- 
dizers and hardeners for copper alloys 
(B 51, B 52, B 53) would be transferred 
from Committee B-2 on Non-Ferrous 
Metals and Alloys to Committee B-5 
on Copper and Copper Alloys, Cast and 
Wrought, which will hereafter be re- 
sponsible for such materials. In ac- 
cordance with this decision the scope of 
the latter committee has been enlarged 
by including suitable reference to these 
materials. The modified scope was 
printed in the 1945 Year Book. 

Minor changes in scopes of Committees 
D-13 on Textile Materials and D-16 on 
Industrial Aromatic Hydrocarbons were 
made during the year and published in 
the 1945 Year Book. 

After appropriate consultation with 
the Coordinating Committee on Non- 
Ferrous Metals and Alloys and with 
certain of the ferrous metals committees 
who have an interest in the subject, the 
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scope of Committee B-1 has been en- 
larged to cover all types of wire for elec- 
trical conductors rather than copper and 
copper-alloy wires as heretofore. Ac- 
cordingly the title of the committee was 
changed to Committee B-1 on Wires for 
Electrical Conductors and the scope 
changed to read: 

Formulation of specifications and methods of 
, test for uninsulated wire for electrical conductors, 
solid, stranded and braided. 

It has been decided to change the 
designation of Committee C-S on Fire 
Tests of Materials and Construction to 
Committee E-5, placing it in the 
group of committees dealing primarily 
with methods of testing. It is felt that 
this change is a logical one inasmuch as 
the committee’s activities cover a num- 
ber of different types of materials and 
are not confined solely to the materials 
in the ^^C” group. Furthermore, in 
view of the fact that several of the tech- 
nical committees of the Society are in- 
terested in the determination of fire 
hazard properties of materials within 
their scope, the Executive Committee* 
has arranged that such committees in 
the preparation of methods of conducting 
fire hazard or fire-resistance tests will 
confer with Committee E-5 and request 
advice and comment on proposed 
methods of flammability tests. 

The war greatly stimulated the de- 
velopment of types of construction in- 
volving the use of two or more materials 
in such a way as to utilize in the com- 
posite article the special individual 
properties of the constituent materials — 
types to which the term “sandwich con- 
struction” is frequently applied. In the 
Society, responsibility for the develop- 
ment of tests and specifications for the 
constituent materials of these “sand- 
wiches” is vested in several committees, 
typical of which are those dealing with 
such products as sheet metal, wood, 
rubber, plastics, adhesives, textiles, glass. 


and paper. There is need for the de- 
velopment and standardization of ade- 
quate tests and specifications to cover 
these composite materials, and the re- 
lationship between such work if under- 
taken by the Society and the limits of 
scope and jurisdiction of existing com- 
mittees is one that, requires thoughtful 
consideration. The Administrative Com- 
mittee on Simulated Service,, Test- 
ing is definitely interested because such 
testing is frequently necessary for these 
types of construction. 

As a first step in the consideration of 
this subject, a conference of committee 
representatives and of producers and 
consumers of these types of construc- 
tions and materials was held in Phila- 
delphia on June 7. The findings of tliis 
conference will point the way to further 
development of the subject. 

The Executive Co,inmittee has under 
consideration a proposal from M, Rea 
Paul, the Society’s representative on the 
Inter-Society Color Council, that the 
general question of- Appearance Stand- 
ards be considered in the Society. It is 
pointed out that such requirements are 
scattered through various A.S.T.M. 
standards and that in the interest of 
standardization it might be well to form 
a technical committee in the “E” group 
that would be charged with the re- 
sponsibility of reviewing and correlating 
all proposed appearance specifications. 
The Executive Secretary has been 
directed to develop this subject for 
further consideration of the Executive 
Committee. 

By-laws and Charter of the Society: 

The letter ballot ,of the Society author- 
ized at the annual meeting in 1945 to 
amend the By-laws in accordance with 
recommendations of the Executive Com- 
mittee resulted in a vote, of 5.21 affirma- 
tive, 1 ' negative. , Accordit gly, the 
amended By-laws becam.e effective on 
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September 15, 1945, except that the 
substitution of a Board of Directors for 
an Executive Committee was contingent 
upon a change in the Charter of the 
Society. 

Pursuant to unanimous action at the 
1945 Annual Meeting on a resolution 
offered by the Executive Committee,® 
proposing amendments to the Charter 
to provide for the creation of a Board of 
Directors and authorizing the President 
to present Articles of Amendment to 
the appropriate court of the Common- 
wealth of Pennsylvania, the amendments 
to the Charter were formally approved 
by the court on December 10, 1945. 
Accordingiy, under the terms of Article 
XI of the By-laws^ the new Board of 
Directors will come formally into exist- 
ence at the close of the annual meeting 
in 1946. The present ten Members of 
Executive Committee will under the 
terms of the By-laws have one year 
added to their present terms and will 
serve thereafter as Directors, and the 
Society will elect five new Directors for 
a term of three years beginning at the 
close of the annual meeting. 

Administrative Organization: ^ 

During the year the Executive Com- 
mittee has put into operation the plan 
for establishment of administrative com- 
mittees recommended by the Study 
Committee and described in the annual 
report for 1945.® There are at present 
six such committees, to which are 
assigned certain administrative duties 
and responsibilities, including the im- 
portant function of serving in an ■ ad- 
visory capacity to the Executive Com- 
mittee (after this annual meeting, to 
the Board of Directors). These com- 
mittees are: 

Administrative Committee on Stand- 
ards (formerly Committee E-10); 

^ Proceedinis, Am, Soc. Testing Mats., Vol. 45, ^p. 35 
(1945). , 

*1945 Year Book, p. 438. , 

® PfoceedingSt Am. Soc. Testing Mats., Vol. 45, pp. 28 
and 30 (1945). . 


Administrative Committee on Re* 
search (formerly Committee E-9); 

Administrative Committee on Papers 
and Publications (formerly Com- 
mittee E-6); 

Administrative Committee on Ulti- 
mate Consumer Goods; 

Administrative Committee on Simu- 
lated Service Testing; and 

Administrative Committee on District 
Activities. 

The personnels and scopes of these 
committees are given in the 1945 Year 
Book, pp. 5-6. The first three are of 
long standing. The last three were or- 
ganized in 1945; the reasons for forming 
these committees and the general fields 
of work assigned to them were dis- 
cussed fully in last year's report. 

These six committees now report 
directly to the Executive Committee 
(later to the Board of Directors). Their 
work is of such importance that their 
reports are appended to this report 
as a matter of record of important 
happenings and statistics in the Society 
and to give expression to discussions of 
policy and procedure that have impor- 
tant relations to the life of the Society. 
References to these reports are made in 
appropriate sections of this report. 

It has been decided to increase the 
membership of the Administrative Com- 
mittee on Research from five to six 
members, and to change the terms of 
oflSce from five to three years so ar- 
ranged that the term of two members 
will expire each year. This change will 
be put into effect with this annual 
meeting. 

Committee E-S on Standing Com- 
mittees, which consisted of the chairmen 
of all standing committees, has been 
disbanded with the consent of its 
members. It had become so large as 
to be cumbersome and unwieldy in 
operation. Its only function had been 
to share with the Executive Committee 
the responsibility for the Regulations 
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Governing Standing Committees, which 
is now vested in the Executive Com- 
mittee under the following conditions, 
which are published with the Regulations 
in the Year Book: 

The responsibility for the Regulations 
Governing Technical Committees is vested in 
the Executive Committee. Changes in the 
Regulations may be initiated either by the 
Executive Committee or by the chairman of 
any technical committee. All proposed changes 
shall be referred to the chairmen of all technical 
committees for advice and consultation before 
final action by the Executive Committee. 
Changes in the Regulations adopted by the 
Executive Committee shall be announced to the 
members and shall become effective as of dates 
determined by the Executive Committee. 

Organization of Headquarters Staff: 

In October, 194v5, tlie Executive Com- 
mittee gave effect to provisions of the 
amended By-laws by electing C. L. 
Warwick as Executive Secretary, R. E. 
Hess as Assistant Executive Secretary, 
J. K, Rittenhouse as Treasurer, and 
R. J. Painter as Assistant Secretary. 
The Executive Committee also set up 
the five departments of the headquarters 
staff as explained in the report a year 
ago,® The Technical Activities Depart- 
ment is headed by Mr. Hess as Tech- 
nical Secretary; the Editorial Depart- 
ment is headed also by Mr. Hess in the 
capacity of Editor. The Field and 
Secretarial Department is headed by 
the Assistant Secretary; the Finance 
Department is headed by the Treasurer. 
The Office Management Department 
is headed by an Office Manager, to which 
post James H. Wolfe, Jr. was recently 
appointed. 

In the Technical Activities Depart- 
ment there are serving under the Tech- 
nical Secretary two assistant technical 
secretaries, P. J. Smith and C. S. Cole, 
with LeRoy C. Gilbert as technical 
assistant, the latter , having joined the 
staff on April 1, 1946. In the Editorial 

® Frocsedings, Am. Soc. Testing Mats., Vol. 4.'), pp, 
30-31 (1945), 


Department there are serving under the 
Editor, the Standards Editor in the 
person of Mr, Smith; the Assistant 
Editor, G. A. Wilson; and two technical 
assistants, M. D. Huber and J, W, 
Caum, the latter having joined the staff 
on December 11, 1945. 

The appointment of Mr. Gilbert pro- 
vides another staff engineer who will 
work directly with the committees of 
the Society dealing with the construc- 
tion materials (C and certain D group 
committees) and is a further step in the 
implementation of the policy to expand 
the staff work on technical activities. 

The growth of the general activities 
of the Society, especially those con- 
cerned with membership, publication 
sales, editorial and publication activ- 
ities, and district activities, will neces- 
sitate expansion of stenographic and 
clerical staff, to which the Executive 
Secretary is giving particular attention. 

New Society Headquarters: 

The Executive Committee has kept 
the members informed through the 
A.S.T.M. Bulletin of the steps that 
have been taken since the last annual 
meeting in the purchase of the property 
at 1916 Race St., Philadelphia, for the 
new headquarters, and of the progress 
of the alterations and additions to the 
property to fit it to the requirements of 
headquarters occupancy. This report 
will therefore be confined to a brief 
resume and a statement of present 
status. 

The Society acquired title to the 
property on August 1, 1945, and by the 
middle of October the building had been 
vacated of all tenants. Plans and speci- 
fications for the alterations and additions 
were prepared by Sylvester L. Smith,, 
who was retained, as the Society’s 
architect; and the general contract was 
let on November 14, 1945, to William 
D. Baker Co. The Headquarters Com- 
mittee that had negotiated the purchase 
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was continued as a Committee on Build- 
ing with some expansion of membership, 
and this committee has been in charge 
of the building project for the Society. 
The personnel of the committee com- 
prises Messrs. J. F. Vogdes, Jr., chair- 
man, E. J. Albert, T. A. Boyd, A. W. 
Carpenter, G. H. Clamer, P. H. Dike, 
Alexander Foster, Jr., and J. R. Town- 
send. 

Progress on the work has been dis- 
appointingly slow, partly due to local 
labor strikes and to general strikes and 
shortages of materials, although in this 
latter respect we were fortunate in secur- 
ing an adequate supply of basic con- 
struction materials, such as brick, lum- 
ber and steel. Accordingly the building 
is still far from complete. Through the 
courtesy of the Atlantic Refining Co., 
the Society’s lease on headquarters in 
the Atlantic Building was extended to 
the end of May, by which time the cen- 
ter and rear portions of the building 
throughout all floors and the basement 
were sufficiently completed for occu- 
pancy. The move to the new head- 
quarters was completed on May 27, 
Work on the remainder of the building 
is now proceeding more rapidly and 
although it may be some months before 
certain construction and installation of 
equipment can be completed, notably 
air-conditioning, it is hoped that the 
building will be substantially ready for 
complete occupancy before the end of the 
summer. 

It is planned to publish in the A.S. 
T.M. Bulletin a description and plans 
of the building, including the arrange- 
ment of general offices, library, facilities 
for storage and distribution of publica- 
tions, as well as facilities provided for 
officers, directors and members of the 
Society and for conferences of adminis- 
trative and technical committees. 

The move into the new headquarters 
will necessitate the purchase of much in 
the way of new furnishings for offices, 
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members’ and committee rooms, and 
the entrance lobby.. All of these fur- 
nishings have been ordered. 

Financial Aspects,— The entire head- 
quarters project has been made pos- 
sible by the generous contributions of the 
members of the Society to the Building 
Fund. On June 1, 1946, these con- 
tributions had reached the total of 
$150,118.43. It had confidently been 
expected that this amount would more 
than meet all of the. costs involved in 
the purchase and alterations; but the 
great increase in building costs over the 
past eight months has been such that 
original estimates of costs are being 
exceeded by amounts ranging from 30 to 
as much as 50 per cent. 

Despite changes in the original plans 
that were made in an effort to economize 
in the construction, it was evident in 
April that to complete construction of 
the headquarters building as desired 
would require an additional $25,000 
to $30,000. The Executive Commit- 
tee decided that the building should 
be completed as planned and as it be- 
lieved the members would wish to have 
it, and has placed in the hands of the 
Finance Committee the problem of 
providing the needed additional monies. 
As a first step the Finance Committee 
has directed the Executive Secretary 
to bring the situation to the attention 
of the membership with an appeal for 
contributions to the Building Fund on 
the part of members who have not yet 
contributed. In the meantime other 
sources of the needed funds are being 
examined. 

As noted in a later section of this 
report, all financial operations in con- 
nection with the purchase and altera- 
tions of the building are handled in a 
Building Fund, which is entirely sep- 
arate from all other funds of the Society. 

The Executive Committee gave care- 
ful consideration to the possibility of 
separate incorporation of the head- 
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quarters buildings having principally 
in mind such questions as liability of 
the Society and its assets in case of 
serious casualty on the premises, as well 
as possible advantages in having owner- 
ship and operation of the building vested 
in a separate corporation. On advice 
of the Society’s legal counsel it was 
decided not to undertake such separate 
incorporation, inasmuch as this would 
not exempt the Society from liability 
and would involve the Society in certain 
tax obligations, additional bookkeeping 
and greater expense. The Society is 
adequately protected by the public lia- 
bility insurance policies that are being 
carried. 

District A cimiies: 

An important development in district 
activities during the year was the or- 
ganization of a new District Committee 
covering the New England area, ex- 
cluding those counties in Connecticut 
already a part of the New York A.S.T.M. 
metropolitan district. Following an in- 
formal conference with some of our 
leading members in the New England 
area and an analysis of the results of a 
questionnaire sent to all members in 
New England, it was apparent that a 
district organization would receive ex- 
cellent support. The organization meet- 
ing was held on May 20, 1946, with Pres- 
ident Townsend, Secretary Warwick, 
and the Chairman of the Administrative 
Committee on District Activities, C. H. 
Fellows, present. Further details of 
this district meeting will appear in the 
August A.S.T.M. Bulletin. This is 
the eleventh district to be organized. 

District Meetings. — From the ac- 
companying table of A.S.T.M. meetings, 
it will be noted there were numerous 
sessions planned by the various dis- 
tricts. Unquestionably the outstanding 
of these affairs was the one in Detroit 
on October 25, 1945, with addresses 


by President J. R. Townsend and Dr, 
C. F. Kettering, where tlie attendance 
of 925 was the highest yet recorded for 
any A.S.T.M. session, district or na- 
tional. The Pittsburgh district cooper- 
ated in connection with the Spring 
Meeting, and arranged the technical 
discussion on statistical quality control. 
Interesting groups of technical papers 
were presented in the Symposium on 
Effect of Low Temperatures on the 
Properties of Materials, arranged by 
the Philadelphia District in March, 
1946, and the sessions on simulated 
service testing arranged by the Chicago 
District created much interest. 

It will be noted from the table of 
meetings that many of the papers pre- 
sented at district meetings have been 
published in the A.S.T.M. Bulletin. 
The presentation of such a variety of 
technical information with subsequent 
. publication of papers and addresses, 
is significant. These district meetings 
to an increasing extent are affording 
forums for discussion of significant as- 
pects of the Society’s work, particularly 
in relation to the testing and evaluation 
of materials. President Townsend has 
taken great interest in the district w^ork, 
and be was the chief speaker at several 
of the meetings, presenting interesting 
addresses on Research Revolutionizes 
Materials and Research at Home and 
Abroad. His critical analyses of the 
methods used by the Germans and our 
own research and standardization ac- 
tivities were of interest to all of the 
groups which he addressed. The Execu- 
tive Secretary or some other member of 
the Headquarters Staff has usually 
attended the district meetings with, the 
President. 

In line with the desire of the Execu- 
tive Committee that there should be 
fostered whenever possible closer rela- 
tions with the Pacific Coast members, 
the President and Executive. Secretary 
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made visits to the Southern and North- 
ern California Districts in March. Many 
worth-while contacts were made and 
the work of the Society was stressed 
through addresses at the Los Angeles 
and San Francisco meetings. ■ 

The mere holding of district meetings 
would not of Itself be justified were it 
not that they provide for members to 
get together, many of whom cannot get 
to a national meeting, and they bring to 
the usuall}^ large number of visitors at 
the sessions a much better concept of 
the important work the Society is doing. 

The Executive Committee desires to 
record its appreciation for the loyal 
efforts and cooperation of the district 
committee officers and members. Many 
of them are active in other A.S.T.M. 
work, and the interest which they take 
in district work is indicative of the im- 
portance with which this is view^ed by 
our members. 

Special acknowledgment should be 
made of the very valuable service being 
rendered by the Buffalo 'Committee on 
Arrangements for this Annual Meeting. 
This committee, which is an augmented 
group based on the Western New York- 
Ontario District Committee, has been 
active in connection with many phases 
of the meeting, including the Annual 
Meeting Dinner, guest speaker, the 
two exhibits (Apparatus and Photo- 
graphic), industrial trips, golf tourna- 
ment, and entertainment. Under the 
guidance of T. L. Mayer, Buffalo Public 
Library, who is Secretary of the District, 
and Acting Chairman of the Committee 
on Arrangements due to the illness of 
District Chairman B. L, - McCarthy, a 
well-integrated and efficient working 
group has been functioning. 

Administraihe Commiliee on District 
A cHviHes.— The administration of dis- 
trict affairs has been delegated by the 
Executive Committee to the Adminis- 
trative Committee on District Activities, 


whose brief report of current develop- 
ments is appended hereto. Reference 
is made in that report to the review of 
the Charter for Districts that is in 
course of revision to give the districts 
and their governing bodies greater auton- 
omy. A Manual of District Activities 
which is in preparation will be a valu- 
able guide to district officers in conduct- 
ing their work. 

Other subjects that are under con- 
sideration in the Administrative Com- 
mittee include a more exact determina- 
tion of district areas and a study of 
where new districts might effectively be 
organized to aid in promoting the work 
of the Society. The Administrative 
Committee is also studying the general 
question of participation of our various 
districts in the activities of local tech- 
nical society councils or federated en- 
gineering groups. The Cleveland, Chi- 
cago, Detroit, and Pittsburgh Districts 
are already affiliated with such groups; 
it is expected that the New York District 
will affiliate with a technical society 
group now being organized, and that in 
due time the New England District 
will affiliate with the Engineering Socie- 
ties of New England. 

National Meetings: 

The annual meeting of the Society in 

1945 was a curtailed one because of the 
war and the transportation crisis and 
consisted only of a one-session business 
meeting in New York at the Hotel 
Pennsylvania on June 27, with a regis- 
tered attendance of 90 members. The 

1946 Spring Meeting was held February 
26-’27, 1946 in Pittsburgh. This meet- 
ing, held during A.S.T.M. Committee 
Week (throughout the week of Febru- 
ary 25) comprised three sessions: one a 
discussion on Statistical Quality Con- 
trol and Its Application to Specification 
Requirements, and two sessions com- 
prising a Symposium on Atmospheric 
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A.S.T.M. meetings JUNE, 194S-MAy, 1946, INCLUSIVE 


■ Meeting 

Place 

Date 

Notes 

Anniaal Meeting 

New York, N. Y, 

Hotel Pennsylvania 

June 27, 1945 

Abbreviated Business Meeting (See 
New York District Meeting noted 
below) 

Spring Meeting 

Pittsburgh, Pa. 

Hotel William Penn 

February 26, 27, 1946 

Discussion on Statistical Quality Con- 
trof (two papers) (Attendance 
about 350) 

Symposium on Atmospheric Exposure 
Tests on Noft-Ferrous Metals*' (two 
sessions) 

(About 150 in attendance at each ses- 
sion) 

A.S.T.M. Committee 
Week 

Pittsburgh, Pa, 

Hotel William Penn 

February 25-March 1, 
1946 

200 Committee Meetings. (1000 in 
attendance) 

District or Local (spon- 
sored by Groups in - 
Cities Indicated) 

New York, N. Y. 

Hotel Pennsylvania 

June 27, 1945 

(Held in conjunction with the 1945 
Annual Meeting) Presidential Ad- 
dress,® Preparation for the Future, 
P. H. Bates; Technical Feature, 
Preparing the Way for Victory with 
the Seabees,® Rear Admiral Lewis B. 
Combs. (350 attendance) 

Chicago, 111. 

Engineering Building 

October 24, 1945 

From Research — New Facts—New 
Materials---New Products — Presi- 

dent, J. R. Townsend/* '1. A. Boyd/ 
Vice“Presi<lent ; Award of Charles B. 
Dudley Metlal to W. N. Findley. 
(225 attendance) 

Detroit, Mich. 

Packham Memorial 
Building 

October 25, 1945 

Research Revolutionizes Materials, C. 
F. Kettering/, J. R. ^ Townsend/ 
(900 attendance) 

Pittsburgh, Pa. 

Mellon Institute 
Auditorium 

November 29, 1945 

Research at Home and Abroad 
Research Revolutionizes Materials,** 
by J. R. Townsend; Tracking Down 
Research in Wartime Ge.rmany, by 
A. A. Bates. {SQO attendance) 

Cleveland, Ohio 

Cleveland Engineering 
Society Auditorium 

December 4, 1945 

Materials . . , Research and Produc- 
tion Research Revolutionizes Mate- 
rials/* by J. R. Townsend; Wartime 
Materials Developments and the 
Postwar World,''' by J. C. De Haven, 
(too attendance) 

New York, N. Y. 
Engineering Societies Bldg, 

December 11, 1945 

The War Fays Be,nefits to the Motorist, 
by J. Bennett Hill. Also, two spe- 
cial films. (200 attendance) 

Northern California 
(San Francisco) Engineers 
Club 

January 29, 1946 

What is New in Science and Engineer* 
ingj'^'byE.S.Lee. (100 attendance) 

Philadelphia, Pa. 

Franklin Institute 

February 14, 1946 

Housing and Housing Materials/^ 
Walter C. Voss; J. 'i'. tirisdale. (200 
attendance) 

Western New York-On tario 
(Buffalo) Hotel Statler 

March 7, 1946 

Housing and Housing Materials/^ 
Walter C. Voss; J, W.Kideiiey. (100 
attendance) 

Southern California 
(Los Angeles) 

March 19, 1946 

Materials Testing Here and Abroad,^ 
by President J. R. Townsend; A.S. 
T.M. Consumers Goods Program, and 
Service Testing, by E,xecutive Secre- 
tary C. L. Warwick. (150 attend- 
ance) 

Philadelphia, Pa. 

Franklin Institute 

March 19, 1946 

Symposium on Effects iff Low Tem- 
peratures on Properties of M!a,te- 
riais® with five papers. ('I'wo ses- 
sions) (200 attendance) 

Chicago, 111, 

Stevens Hotel 

[ 

March 22, 1946 

Production Conference. Panel spon- 
sored bi'' A.S. T.M., on Simulated 
Service Testing of Materials and 
Assemblies, with ijapers ]jy Alan 
Freas/ J. 0. Almcn, and A. T. 
Chameroy.* (200 attendance) 
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Meeting 

Mace 

Date 

■ Notes ... 

.District or Local .(spon- 
■ sored, by .Groups, in 
„ Cities Indicated)— ‘ 
Continued . 

Northern California' 

(San Francisco) Engineers 

\ Club ■ , ' 

March 25, 1946 

Jointly with San Francisco. Section 
A.W.S. Materials Engineering. Here 
and Abroad, ‘ by J. R. Townsend; 
New Developments in A.S.T.M., by 
C. L. Warwick. (100 attendance) 

New. York, N.-Y. 
Engineering Societies Bldg. 

May 2, 1946 

Interesting Developments and Ob- 
servations in Foreign Countries”* 
(three speakers)—!. R. Townsend, 
D. E. Douty, W. L. White. (135 
attendance) 

New England 
(Boston, Mass.) Engineers 
Club 

May 20, 1946 

Organization Meeting of New England 
District, with informal talks: The 
A.S.T.M. of the Future, by Execu- 
tive Secretary C. L. Warwick; What 
is Industry’s Stake in the A.S.T.M., 
by President J. R. Townsend, (60 
attendance) 


J Published in ASTM Bulletin, No. 139, March, 1946; also reprinted. 

® Issued as a separate publication, November, 1946, 

J Published in ASTM Bulletin^ No. 135, August, 194S. 

® Mr . Townsend’s paper was published in ASTM Bulletin, No. 137, December, 1945. 

® Mr. Boyd’s paper was published in ASTM Bulletin, No. 138, January, 1946, 

J Dr. Kettering’s address was published in ASTM Bulletin, No. 137, December, 1945, 

^ Published in ASTM Bulletin, No. 138, January, 1946. 

" Abstract published in ASTM Bulletin, No. 139, March, 1946. 

‘Published in ASTM Bulletin, No. 140, May, 1946, 

J Published in ASTM Bulletin, No. 141, August. 1946. 

* Mr, Chameroy’s paper, Laboratory Testing of Consumer Goods, published in ASTM Bulletin, No. 140, May, 1946, 
Abstract published in ASTM Bulletin, No. 140, May, 1946. 


Exposure Tests of Non-Ferrous Metals. 
The two interesting papers on quality 
control have been published in the 
March Bulletin, and reprints are being 
prepared. The corrosion symposium is 
to be issued as a separate publication: 
The active interest in both subjects 
was evidenced by the excellent attend- 
ance. 

A.S.T.M. Committee Week in 1946 
was a very intensive period with large 
numbers of meetings running simul- 
taneously morning, afternoon, and even- 
ing practically all five days of the week. 
The renewed activities of our com- 
mittees and the necessity of a great 
number of meetings when the Society 
convenes at its spring and annual 
meetings create numerous problems in 
connection with sleeping room accom- 
m odations, meeting rooms, and the 
scheduling of meetings to minimize 
conflicts— problems that will not be 
lessened when the newly organized com- 
mittees of the Society begin their active 
'■.work./ 


1947 Meetings . — ^The Executive Com- 
mittee has accepted the invitation of 
the Philadelphia District Committee 
to hold the 1947 Spring Meeting in 
Philadelphia (the tentative date selected 
is the week of February 24) with an 
interesting symposium on paint and 
paint materials in prospect as the tech- 
nical feature. 

There is still uncertainty concerning 
the location of the annual meeting 
next year. It had been hoped to go 
back again to Atlantic City where so 
many excellent meetings have been 
held, but whether suitable acommo- 
dations can be obtained must be studied 
further. The likelihood as this report 
is prepared is that the meeting will be 
at Chalfont-Haddon Hall during the 
last week in June, namely. June 23-27, 
1947. 

Pacific Coast Meetings . — ^When the 
President and Executive Secretary were 
on the Pacific Coast in March, there was 
discussion on having the Northern 
■ California District, participate in some' 
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appropriate way in the Western Metals 
Congress in San Francisco schednled 
for March, 1947; the Pacific Coast 
members were also interested in having 
a national meeting of the Society on 
the Pacific Coast in 1948. The Execu- 
tive Committee has approved the first 
proposal and the Meetings Committee 
has been asked to consider the possibil- 
ity of a 1948 national meeting on the 
Coast. 

FubUcaiions: 

The year 1945 has presented no un- 
usual publication problems, except for 
difficulties more or less common to all 
lines of production that have been ex- 
perienced in bringing publications out 
on time. As will be seen from lists of 
1945 publications included in the ap- 
pended report of the Administrative 
Committee on Papers and Publications, 
the regular publications for the year 
were about normal in volume for a year 
in which the Book of Standards Supple- 
ments are printed. It will also be seen 
that there were somewhat fewer com- 
pilations of standards and special pub- 
lications issued than in the preceding 
year. On the other hand the ASTM 
Bulletin continues to grow both in 
size and average edition, which is a 
natural result of the policy announced 
a year ago of making greater use of the 
Bulletin for the publication of tech- 
nical papers. 

The plan of receiving offers of papers 
at any time throughout the year, 
together with immediate issue of pre- 
prints either in the 6 by 9-in. size or in 
the ASTM Bulletin, has been in 
operation now for over a year and will 
be more effectively used as we gain ex- 
perience with it and as prospective 
authors begin to appreciate that papers 
may be offered to the Society for pub- 
lication at any time throughout the 
year. ^ ' 

The availability of the Bulletin for 
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publication of such papers lends greater 
emphasis than .ever to the proposals 
for changing over the Bulletin to a 
monthly technical journal. Such a 
chan.ge-over involves many important 
considerations and the Executive Com- 
mittee has charged the Administrative 
Committee on Papers and Publications 
with the responsibility of making a 
complete study of and a report upon 
this subject not later than June, 1948. 

In the meantime the change in format 
of the Bulletin has made possible the 
inclusion in the bound volume of Pro- 
ceedings of any technical paper pub- 
lished in the Bulletin, and the 1945 
Proceedings for the first time contain 
several such papers selected by the 
Papers and Publications Committee. 

Suitable three-post expansion type 
binders in two sizes are now available 
for sale to members who wish to maintain 
their own selection of A.S.T.M. Stand- 
ards, for which purpose all reprints of 
standards are now punched to fit stand- 
ard three-ring binders. 

Due to pressure of other more urgent 
publication matters, the formal insti- 
tution of the Special Technical Publica- 
tion Series referred to in the annual 
report last year has been delayed. A 
listing of all publications of the Society 
since its organization has been com- 
piled, from which it will be necessary to 
select those significant technical pub- 
lications that justify a listing in this 
series. It is planned to complete this 
work during the coming year and to 
publish the titles in the series; technical 
publications thereafter will be assigned 
a series number. The index in each 
annual volume of Proceedings now in- 
cludes reference to all technical pub- 
lications issued during, the' : year. 

With the publication of the 1945 
Year Book there was resumed the prac- 
tice of including a geographical dis- 
tribution of the membership of the 
Society, which it is believed will be a 
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convenience to many members and es-' 
pecially to the officers of the various 
districts (rf the Society. 

Two important publication problems 
face the Society during 1946. One of 
these is the necessity of publishing a 
new edition of the Book of Standards 
in view of the great demand for the 1944 
edition. The other is the problem of pub- 
lishing the exceptionally large volume of 
technical papers that has been offered 
for the 1946 annual meeting. There has 
never been in the history of the Society 
a greater wealth of technical data offered 
for publication, — a situation that has 
come about through the release of hither- 
to confidential or restricted data de- 
veloped through war researches. The 
appended report of the Administrative 
Committee on Papers and Publications 
touches further on these two important 
problems. 

Membership: 

On June 1, 1946, the membership of 
the Society totaled 5993, the highest 
figure yet reached, compared with a 
total of 5649 on June 1 one year ago. 
Statistics showing gains and losses in 
various classes of membership are shown 
in the following table; 


numbered 654, exceeding those for the 
previous year by 51 ; losses from resig- 
nations and delinquencies were 281 
compared to 178 for the preceding year« 
Junior Members numbered 110 and 
Student Members 138. 

There have been two new sustaining 
members as follows, bringing the total 
to 194: 

The Ohio Steel Foundry Co. 

Universal Oil Products Co. 

The Executive Committee has elected 
to honorary membership in the Society 
the following six members: W. H. Ful- 
weiler, Consulting Chemical Engineer, 
Philadelphia; J. 0. Leech, (retired), 
Metallurgical Division, Carnegie- 
Illinois Steel Co., Cambridge, Mass.; 
J. S. Miller, Consultant on Asphalt 
Technology, Rahway, N. J.; C. S. 
Reeve, Technical Advisor, The Barrett 
Division, Allied Chemical and Dye 
Corp., New York City; Jesse J. Shu- 
man, Inspecting Engineer, Jones & 
Laughlin Steel Corp., Pittsburgh; and 
Frank N. Speller, Metallurgical Con- 
sultant, Pittsburgh. They will be pre- 
sented to the Society for formal award 
of honorary membership during this 
Annual Meeting. 


Class of Membership 

Membership 

Losses 

1 ■ ■ ■ 

Additions 

Total 

June 1, 
1945 

June 1, 
1946 

Resig- 

nations 

Dropped 

Death 

Trans- 

fer 

Trans- 

fer 

Elec- 

tion 

Loss 

Gain 

In- 

crease 

Honorary ' 

9 

9 










Perpetuity 

9 

10 





i 



■ i 

i 

Sustaining . 

192 

194 





1 

i 


2 

2 

Company, Firm, etc. 

1466 

1581 

52 

8 


5 

6 

174 

65 

180 

115 

Individual, etc. 

S854 

4089 

157 

47 

29 

7 

21 

454 

240 

475 

235 

Junior 

119 

110 

10 

7 


17 


25 

34 

25 

9a 

Total ' 

5649 

5993 

219 

62 

29 

29 

’29 

654 

339 

683 

344 

.Student. 

149 

138 

12 

87 

1 

IS 


104 

115 

104 

11® 


“ Loss, 


The net gain for the year of 344 com- In 1938 the Executive Gommittee 
pares with 392 for the preceding year, established the plan of awarding at 
Elections to membership were the high- . annual meetings certificates commemo- 
est in the history of the Society and rating forty years of continuous member- 
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ship in the Society. Eighty-one such 
certificates have thus far been awarded 
and this year the following 19 com- 
panies and individuals have qualified: 

" Duff A. Abrams 
American Bureau of Shipping 
American Steel Foundries 
Anaconda Copper Mining Co. 

Cornell University Library . • 

Oliver C. Cromwell 

Charles E. Fuller 

Addison F. Holmes 

The Iron Age 

Harry McCormack 

Norfolk and Western Railway Co. 

Pittsburgh Plate Glass Co. 

Paint and Varnish Division 
Ernest John Russell 
Earl B. Smith 
Southern Pacific Co. 

Richard S. Suydam 

United States Testing Co., Inc. 

University of Kansas Library 
University of Melbourne Library 

Deaths: 

The Society has lost the following 29 
members through death: 

Date 

Membership 


Bingham, Eugene C 1917 

Blest, M. C 1924 

Doran, Albert B 1941 

Emery, A, H 1926 

Falk, Myron S 1905 

Flowers, Alan E 1914 

Fowle, Frank F 1924 

Gardner, Guy 0 1930 

Geisenberger, L. H, 1942 

Harding, R. L 1945 

Hardy, Charles 1943 

Harper, Robert B 1915 

Kathju,KamN.. 1939 

Kline, C. Benton 1945 

Longstreth, Edward T 1929 

Lumpkin, L. E 1935 

MacCallum, Douglas A 1918 

Nurnberg, Charles 1924 

Ogden, James C 1924 

Reifsnyder, J. W.. 1921 

Stoddard, J.B 1931 

Sullivan, George P 1928 

Triece, George H... 1938 

Twining, F. E. 1912 

Urbach, Charles. 1941 

Utley,S. W.. 1919 

Valid, Gecilio D.,,.. 1944 

Wing, Charles B,. . . . 1900 

Zimmerman, J. Milton. ........ 1943 


In addition to the above, the follow- 
ing representatives of company members 
of the Society passed away: - ' 

Thomas R. Akin, Lacelede Steel Go. , " , 

Kenneth E. Burgess, Columbian Carbon Co.,' 
Magnetic Pigment Division 

J. F. Carle, Southern Testing Laboratories, 
Inc. 

Charles F. Conn, Giant Portland Cement Co. 

E. W. ' Engle, Carboloy Co,, Inc. 

I. T. Faucett, General Cable Corp. 

R, C. Harris, Toronto Department , of Works 

M. E. Holmes, New York State College of 
Ceramics 

Fred C. Lang, Minnesota Highway Dept. 

Carroll R. Thompson, City of Philadelphia, 
Department of Wharves, Docks and 
Ferries 

Many of these men over the years con- 
tributed a great deal to the advancement 
of the Society’s work, particularly in 
connection with technical commit- 
tee activities. Professor Bingham, an 
authority on the subject of rheology, 
was active in the work of Committee 
E-1 on Methods of Testing. Dr. 
Flowers, intimately concerned with 
many problems in materials, had a long 
record of service on Committees D-2 
on Petroleum Products and Lubricants 
and D-9 on Electrical Insulating Mate- 
rials. R. B. Harper, a national author- 
ity in the field of gaseous fuels, had 
been a very loyal member, serving on 
several technical committees, and was 
particularly interested in Committee 
D-3 on Gaseous Fuels. Mr. Gardner 
was an active worker on Committee C-1 
on Cement, and Mr. Conn likewise was 
a long-time member of Committee C-1 
and Vice-Chairman at the time of his 
death. Dr. Holmes was active in the 
work of Committee C-8 on Refractories, 
and Mr. Lang participated in the work 
of several committees including those 
concerned with road and paving mate- 
rials and soils. 

Some Membership Communis. ~ The 
Society membership is sub ject, somewhat 
to the same vicissitudes which affect 
, our national industrial life. When 
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dustry^s wheels are turning at high 
speed there iSj- of course intensified in- 
terest in A,S«T.M. work, since it ties in 
so directly with the materials that indus- 
try produces and uses. Consequently, 
during the war period there was a very 
notable increase in the number of new 
members, and fewer resignations and 
other changes. While membership in 
tlie Society is one of the most valuable 
affiliations that one concerned with 
materials can' have, nevertheless the 
return to peace might have had some 
very noticeable adverse effects on our 
membership. It is significant, therefore, 
that we can present an excellent report 
on membership as shown in the statis- 
tics given above, even though the resig- 
nations were higher than for the past 
few years. 

The international influence of the So- 
ciety is evident by the large number of 
new members from abroad, particularly 
the Scandinavian countries, and the 
renewing of many former memberships 
temporarily suspended during the war. 
We are pleased to have many of these 
former members back with us, and we 
bespeak for the entire Society, our 
sincere desire that the new members 
from abroad and our older members re- 
turning, will benefit from affiliation with 
the Society, and the Society from their 
interest, for many years of peace. 

The relationship of the number of 
company members compared with in- 
dividual memberships merits some com- 
ment because of the effect on ,our tech- 
nical committee structure and the 
Society’s work in general. One of the 
distinct advantages of a company mem- 
bership, of which there are about 1775, 
is the privilege of designating different 
technically qualified individuals to serve 
on the committee to which the com- 
pany may be elected. For the past few 
years there has been a very notable in- 
crease in the number of members serving 
on our committees who have not been 


personnally affiliated with the Society 
or serving as the official Society repre- 
sentative of a company member. The 
Society has appreciated the loyal efforts 
of these men and it is hoped that as time 
goes on many may become individual 
members of A.S.T.M, In response to a 
recent communication addressed to such 
persons by the President and Executive 
Secretary, a number have become mem- 
bers. The value of the Society’s pub- 
lications is increasing and there are dis- 
tinct advantages in holding membership. 
Service on the Administrative Commit- 
tees and the honor of election to Society 
office is conditioned on affiliation with 
the Society. 

There has been intensive consideration 
by the Committee on Membership, 
headed by W. C. Hanna, of steps which 
might be taken, not only to increase the 
number of members but to make in- 
formation and data published by the 
Society, and other services rendered, 
of maximum utility. In line with this 
general thought it is planned to include 
in the 1946 Year Book with the person- 
nel of the technical committees a list 
of past officers of the committees. It 
is also planned to include a com- 
plete list of those individual and com- 
pany members who have been awarded 
the 40-year membership certificate. To 
clarify the dates of membership shown 
in the Year Book it has been decided 
that when an individual membership is 
transferred to a company membership, 
the original date for the individual’s 
affiliation will be shown as well as the 
new company date. Conversely when 
the long-time official representative of a 
company membership becomes a per- 
sonal member, his membership will carry 
the date when he became the company 
membership representative. Many of 
our members cherish their long-time 
affiliation with the Society, and it is 
believed this new policy will be appre- 
ciated by many. 
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Finances: 

Report for the Fiscal Year 1945 •— 
The aiinual statement of the finances of 
the Society follows in the report of the 
auditors for the fiscal year January 1 to 
December 31, 1945. The report gives 
the balance sheet of assets and liabilities, 
including general funds, the newly es- 
tablished building fund, and special 
and designated funds (that is, the Re- 
search Fund, Dudley Medal and Mar- 
burg Becture Fund, Templin Award 
Fund, and Committee Funds) ; state- 
ment of receipts and disbursements 
classified into ^^operating^^ (budgeted) 
and “non-operating^'; details of special 
funds and the building fund; and in- 
vestments of Society funds, both book 
and market values being given • 

The Society's financial operations dur- 
ing 1946 were at the highest level in its 
history. Total operating receipts were 
$324,065.18, Of this amount receipts 
from dues and entrance fees were $126,- 
734.75 or 39.1 per cent; receipts from 
sales of publications were $176,369.48 
or 54.4 per cent; and receipts from mis- 
cellaneous sources, consisting princi- 
pally of advertising, interest and divi- 
dends, and registration fees, totaled 
$20,960.95 or 6.5 per cent Receipts 
from sales of publiGations include the 
large volume of sales of the 1944 Book 
of Standards ($72,714.31), together with 
receipts of $28,886.01 from compilations 
of standards, which continue to be an 
increasingly important means of pub- 
lication of standards for special con- 
venience of members and of industry 
generally. Sales of standards in all 
forms totalled almost $114,000. 

Operating disbursements with all cur- 
rent bills paid (as detailed in the auditors' 
report) and including $15,000 placed in 
the reserve for the next Book of Stand- 
ards, were $277,190.98. The difference 
between operating receipts and operat- 


.ing disbursements constitutes a favor- 
able operating balance of $46,874.20, 
■or about 14| per cent of receipts, which 
appears as a „ part of 'the surplus, as, of. 
December 31, .1945, 

The auditors', report includes a' state- 
ment .of the financial position of .the 
Society for .'the past five .years. The 
surplus in the. General Funds .account, 
exclusive. of special funds, is $165,037.47, 
compared to $111,606,51 a year ago. 
If the surplus is expressed in terms of 
ratio to operating disbursements, it is 
interesting to note that current surplus 
represents 60 per cent of operating dis- 
bursements, compared' to .M per cent a 
year ' ago. This .is .the first time for 
about, seven years that the . surplus has 
risen over 50 per cent of the. annual costs, 
of operating the Society.'.. Appropria- 
tions, from, .surplus made In, the..current 
fiscal .year 1946 for .various purposes are 
mentioned ..later.; 

The auditors' report . also, includes , a 
statem.ent of cash receipts and disburse-^ 
ments in the B.uilding Fund as well as a 
balance sheet.: for the. Fund as of De- 
cember 31, 1945.. 'The Building Fund 
has .been established as an entirely sep- 
arate account to .receive all contributions 
and other ' income, which will, be used 
only . .for. capital ' expenditures ■ towards 
the new Society headquarters'. It is 
intended that the building .will be .carried 
on the balance-sheet as. an asset at .full 
cost, including purchase price and cost 
of all alterations .and improvements; 
.depreciation of ..the building, and .amor- 
tization of the Fund will start on .Janu- 
'ary 1, 1947, at an annual, rate of depre- 
ciation which will be determined at that 
time. , Tentatively , the Finance 'Com- 
mittee is considering; a method of , .de- 
termining . depreciation. ' .;that a.ssumes 
2| per cent annual depreciation on the 
value of the" building' proper' (exclusive 
of land value), 10 per cent annually on 
the value of air-conditioning equipment, 
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and 5 per cent annually on the value of 
the elevator. , , '* , 

Attention is called to the investment 
of $25,000 of the Building Fund in U. S. 
Treasury Bonds, which sets aside an 
amount more than sufhcient to meet 
(in December, 1948) the mortgage as- 
sumed with the purchase of the property. 

Investments of Society funds as of 
December 31, 1945, are given in the 
auditors^ report, both book and market 
values being shown. The following 
changes during the fiscal year in the 
investment portfolio are noted: 

GENEKAL FUNDS 


Bought Cost 

$2 000 Hudson Coal Co. Bonds 5s, 1962 $l 697.25 

2 000 U. S. Treasury Bonds 2Hs, 1967-72 2 000.00 

50 000 U . S . Treasury Bonds 2s, 1952-54 SO 765 . 63 

100 shares Murray Corporation of American 

Cum.Pfd.4% 5 050.06 

159 512.94 

Sold, Called or Matured Received 

$3 000 U. S. Treasury Bonds 2^3, 1965-70 (to 

Committee Funds) 13 000.00 

2 000 U. S. Treasury Bonds, 23^s, 1964-69 (to 

Committee Funds) 2 000 .00 

4 000 General Steel Castings Corp. Bonds 

5Hs, 1949 (called) 4 100.00 

2 000 Pressed Steel Car Co. Bonds Ss, 1951 

(called) 2 000.00 

7 000 U. S. Certificates of Indebtedness 2.1.45 

(matured)... 7 000.00 

SO shares Sperry Corporation (sold) 1 463.00 

1 000 U. S. Treasury Bonds 1967-72 (to 

Templin Fund) 1 000.00 


$20 563.00 

BUILDING FUND 


Bought Cost 

$25 000 U. S. Treasury Bonds 2^s, 1967-72 $25 390.63 

, KESEAKCH FUND 

Bought Cost 

|2 000 Hudson Coal Co. Ss, 1962. $1 697.25 

30 shares Butler Bros.Cum. Pfd 3 090.00 

$4 787.25 

Sold or Accepted in Settlement Received 

|2 000 Rea! Estate Bonds 1315-17 Spruce 

Street $830.00 

SO shares Sperry Gorp. (sold) 1 463.00 


$2 293.00 


BICHAED L. 'TEMFLIN AWARD FUND 
Bought Cost 

IIOOOU. S, Treasury Bonds 2Hs, 1967-72 

(from General Funds).,..... . . . . .. . . $1 000.00 


COMMITTEE FUNDS 


Bought Cost 

$3 000U. S. Treasury Bonds 2J^s, 1965-70 

(from General Funds) |3 000.00 

2 000 IT. S. Treasury Bonds 2 j^s, 1964-69 

(from General Funds).... ....... 2 000.00 

3 000 U. S. Treasury Bonds 2^8, 1967-72. . . . 3 000.00 

18 000.00 

Matured Received 

$5 000 U. S. Treasury Bonds 2^5, 1945-47.... $5000.00 


In the General Funds, profits on 
securities sold, called, or matured totaled 
$577.50, while losses totaled $47, or a net 
gain of $530.50. In the Research Fund 
there was a net loss of $1217, which 
includes an amount of $1170 loss in 
settlement of $2000 real estate bonds 
of the Engineers’ Club of Philadelphia. 

No account has been taken in the 
accompanying financial statement of 
the assets of the Society in the form of 
publications in stock. An inventory of 
technical publications as of June 1, 1946, 
may be summarized as follows: 

Number of 
Copies 


Year Book. 400 

Proceedings 5 OOO 

Index to Proceedings, 6 parts, total f 286 

1944 Book of A.S.T.M. Standards: 

Parti 760 

Part II 644 

Part III 541 1945 

1945 Supplements: 

Parti... 1540 

Part 11 791 

Part III 530 2 861 

Index to A.S.T.M . Standards 7 400 

X-Ray Diffraction Data CardSj sets 249 

Reprints of Standards (approximate) 90 OOO 

Compilations of Standards, Symposiums and 
Special Reprints (approximate) 40 000 


JP46 Finances . — ^In budgeting the 
Society's operations for 1946, it has been 
necessary to provide for the expansion 
of technical activities and of the head- 
quarters staff required to keep pace 
with the growth of the Society’s work. 
In addition, provision must be made for 
increased costs of Society operations. 
There are two paramount factors here: 
First, increases in publication costs 
ranging in various categories of printing 
from 10 to 20 per cent, together with 
increased costs generally of all services 
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Report of the. Auditors for the Fiscal Year^ 

January 1 to December 31, 1945 

- PMladelphia, Jaroary 10, 1946„ 

Mr, C. L. Warwick, BmiMim Secrdary 
AMERICAH SOCIETY FOR TESTING MATERIALS 
PMladelpliia, Pennsylvania 

Dmr . Sm 

We have examined the books and accounts of the American Society for Testing Materials for the 
year ended December 31, 1945, We did not make a detailed audit of all transactions, but made 
extensive tests to determine the accuracy of the records. Accounts receivable were not verified by 
direct correspondence with debtors. The investments owned by the Society, as detailed herein, were 
examined by us; all income from investments was properly accounted for. 

We have prepared and stibmit herewith balance sheet as of December 31, 1945, statement of cash 
receipts and disbursements for the year ended that date, and other supporting schedules, all of which 
are in agreement with the records of the Society. In our opinion, these statements, with notes 
thereto, present fairly the financial position of the Society at December 31, 1945 and the results of 
its operations for the year ended that date. 

Respectfully submitted, 

John Heins k Co, 
(Signed J I. Russell. Bush 
Certified Public Accountant 

BALANCE SHEET AS OF DECEMBER 31, 1945 
(Including Special and Designated Funds) 

Assets 

Generd Funds: 


Current: Cash $79 958.60 

Less check drawn as of December 31, 1945 to 
cover cost of Proceedings and Supplements to 
Book of Standards 33 900.00 


$46 058.60 

Investments (Market Value $166 383.37) — Cost 153 718.05 

Accounts Receivable IS 033 . 90 


Total Current Assets— General Funds $214 810.55 

Furniture and Fixtures (depreciated book value) 6 641 . 57 


Total Assets General F’unds $221 452.12 

Building Fund: 

Cash $85 534.67 

Investments (Market Value $25 367.19) — Cost. 25 390,63 

Accounts Receivable 466,69 

Land... ■. 30 000.00 

Building 26 503.35 

Construction Costs. 860.81 


Total Building Fund $168 756.15 

Spmd and Designated Funds: 

Cash: A.S.T.M. Research Fund ■. — $5 143.36 

Dudley Medal and Marburg Lecture Fund. ' 409.43 

, ' Richard L. Templin Award Fund. ... 112.50 

Committee Funds — ............... ' 15 461 .23 


$21 126.52 
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Imesimmts: 

A.S.T.M. ResearcliFiiiid (Market Value $42 024.12) — Cost. .... $38 686.24 


Dudley Medal and Marburg Lecture Fund (Market 

: Value 16 320.63)—Cost 6 625.00 

Richard L. Templin Award Fund (Market Value 

$1 014.68)— Cost 1 000.00 

Committee Funds (Market Value $9 314.06)— Cost 9 000,00 


Total Special and Designated Funds 

' Total Assets. 

Liabilities 

General Funds: 


Cun;^nt: Accounts Payable: 

Committee C-1 $202.20 

Advance Collections 5 229.96 

Total Current Liabilities— General Fund $5 432.16 

Life Membership Fund. 3 295 . 20 

Headquarters Fund. 6 491 . 56 

Publication Fund 2 515.00 

Book of Standards Reserve 15 000.00 

Executive Retirement Reserve 7 780.00 

Retirement Fund Reserve. 3 425 .00 

Reserve for Depreciation of Investments 12 000.00 

Joint A.I.M.E.-A.S.T.M. Publication Fund 475.73 

Surplus 165037.47 

216 019.96 


Total Liabilities General Funds. 


Building Fund: 

Contpbutions $144 998 . 43 

Accumulated Income on Invested Funds 257 . 72 

Mortgage Payable, dated December 23, 1943, due with- 
in 5 years with quarterly installments of $187.50 at 5 per 
cent $23 875.00 reduced to 23 500.00 


Total Building Fund. 


SpecM and Designated Funds: 


A.S.T.M. Research Fund: 

Principal $40 281 .49 

Income....... ■ 3 548.11 $43 829.60 


Dudley Medal and Marburg Lecture Fund: 

Principal 6 625.00 

Income 409.43 7 034.43 


Richard L» Templin Award Fund; 

Principal.... ^ 1000.00 

Income. 112.50 1 112,50 


ComMttee Funds, unexpended balances. 


24461.23 


Total Speda! and Derignated Funds, 
Total Lfabilties and Funds. ...... 


$55 311.24 

$76 437.76 
$466 646.03 


$221 452.12 


168 756.15 


$76 437.76 
$mmM 



64 


Annual Report or the Executive Committee 


Comparison ot General Funds eor Fiscal Years 1941-1945 Incltctsive.. 


I 

At Close ol 
Fiscal Year 

Assets 

i 

Liabilities 

, Cash 

Invest- 

ments 

Accounts 

Receivable 

Furniture 

and 

Fixtures 

Accounts 

Payable 

Reserve 
for Book of 
Standards 

Miscellane- 
ous Funds 

, Surplus , 



$18 206.61 

|88 001.45 

$14 120.99 

$6440.58 

$3937.44 

$13 890.25 

$12 907.43 

1 ^6 034.51 

1942. 

14 915.67 

93 281.45 

6 846.09 

6362.86 

5036.28 

13 890.25 

17 902.43 

84 577.11 

1943...... ..... 

29 220.41 

111 136.68 

14 567.65 

6960.38 

5569.02 

17 113.98 

33 541.26 

105 660.86 

1944 

42 637.45 

114 237.61 

11 986.97 

6780.66 

9009.15 

17 113.98 

37 913.05 

111 606.51 

1945 

46 058.60 

153 718.05 

IS 033,90 

6641.57 

.5432.16 

IS 000.00 

35 982.49 

165' 037.47 


KECEIPTS AND DISBURSEMENTS 
For the Period Ended December 31, 1945 

Cash balance, January 1, 1945 $4>637.45 

Receipts 

Operating Receipts {Budgeted ) : 

Dues and Eftirance Fees: 

Current Dues $118 249 . 65 

Past Dues 1006.40 

Advance Dues 2 683 . 70 

Income, Life Membership Fund 150 . 00 

Entrance Fees 4 645,00 


Total Dues. $126 734.75 

Sde of Publications: 

Book of Standards (Members addl. parts) $15 777 . 70 

1942 Book of Standards and Supplements. 1 377.76 

1944 Book of Standards 72714. 31 

1945 Supplements, Book of Standards 209.70 

Methods of Chemical Analysis of Metals 1 851 ,22 

Compilations of Standards 28 886.01 

Separate Standards 8 1 13 , 06 

Selected Standards for Students 804,20 

Proceedings 4 534 . 33 

Spring Meeting Papers 2 004 . 09 

Bulletin Subscriptions (non-members) 648 . 45 

Special & Miscellaneous Publications 39 448 . 65 


Total Sale of Publications — . $176 369,48 

Miscellaneous: 

Advertising, Bulletin. $12 181.63 

Advertising, Index 1 896.50 

Interest and Dividends 6 019.08 

Committee A-1 for Technical Assistant — 708.87 

Miscellaneous. 154 . 87 


Total Miscellaneous Items ' $20 960' . 95 


Total Operating Receipts (Budgeted) $324 065 .18 

N onoperating Receipts {Not Budgeted) i 

Investments Matured or Sold, . , , . . . . $19 563.00 

Excess Remittances. — 538.71 

Committee C-1 for Technical Assistant. . ............. 1 700.00 

Executive Retirement Reserve. . . , , . .... . . . . , . . . * . . . 225,00 


Total Nonoperating Receipts. $22 026.71 

Total Receipts. , $346 091.89 

Total Receipts and Cash Balance, January 1, -1945. . , . . . . , . ; . . . $388 729.34 
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Brouglit Forward, 


$388 729.34 


Disbitrsements 

operating IHsbursemenis {Budgeted) x 


'Publications: • 

Year Book. .■ $4 777.38 

1944 Book of Standards. 5 696 . 06 

1945 Supplements, Book of Standards 20 282.61® 

Emergency Alternate Provisions. 761.47 

Compilations of Standards 8 930.88 

Separate Standards 5 313.98 

Cnemical Analysis of Metals 89.31 

Proceedings 16 526.05® 

Preprints 3 545.38 

Spring Meeting Papers 18,83 

A.S.T.M. Bulletin 12 009.71 

Circulars to Members 2 196.66 

Index to Standards. 4 900.39 

Special and Miscellaneous Publications 14 410 . 94 

Authors Beprints, Electros, etc. at Cost 1 202.31 


Total Disbursements, Publications $100 661.96 

Salaries 99 090.40 

General Office E:^enses 22 185.09 

Expenses, Technical and District Committees 3 957.54 

Expenses, Meetings 6 148 . 78 

American Standards Assn 1 000 . 00 

Traveling Expenses, Administrative & Special Committees S 369 . 00 

Rent, Headquarters 8 934.48 

Operating Expenses — New Headquarters. 1 564.20 

Furniture and Fixtures 809 . 7 1 

Principal A.^T.M. Research Fund 2 300.00 

Dues, Contributions, Miscellaneous — 374.50 

Legal Services 1 750.00 

Employees Retirement F und 8 045 . 32 


Total Operating Disbursements (Budgeted) $262 190.98 

Nonoperating Disbursements {Not Budgeted) : 

Refund of Excess Remittances ......... $538.71 

Investments • . . 59 512 . 94 

Accrued Interest 200.89 

Book of Standards Reserve! 17 113 ,98 

Technical Assistant Committee C-1 1 667 .68 

Joint A.I.M.E.-A.S.T.M. PubUcation Fund 1 445 .56 


Total Nonoperating Disbursements — $80 479 . 76 


Total Disbursements. — . 670.74 

Gash Balance, December 31, 1945 $46 058.60 


® These amounts include a check for |33,90q. drawn against the cost of the 1945 Supplements to the Book of Standards, 
and the 1945 but not actually paid on December 31, 1945. 
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: - - ■ ; A.S.T.M. BUILDING FUND 

Details 03P Building Fund Gash Receipts and Disbursements for the Period January 1^ 1945 

TO December 31, 1945 ; 

Receipts 


Total CoHtribiitioiis |144 998,43 

lECome from Investments; , 

Interest on XL S. Treasury Bonds 2|s 1967 - 72 . , 312.50 $145 310.93 


Disbursements 


Purchase of $25 000 U. S. Treasury Bonds 2is 1967-72 at 

$101.16 dated 6/1/45, July 3, 1945 $25390.63 

plus accrued interest 54.78 $25 445 .41 

Purchase of premises 1916-18 Race St,, Philadelphua, Pa. 
per settlement certificate No, 934259 of the Common- 
wealth Title Co. of Philadelphia dated August 1, 


\ ,1945. , , : . 

Purchase Price — ' , $53 625 , 00 

Commission to Agent , , 2 681 .25 

, Settlem.ent fees, net. , 197 . 10 

56 503.35,, 

,, Less,, mortgage assumed $23 §75.00 $32 628.35 

Rent paid June, 1945 , to facilitate possession 110.00 

Zoning fees and , permits , 17.50 127.50 

Architects fees 1 200.00 


Reduction of Mortgage—2' quarterly payments of $187.50 
, each — ' 


375,00 , : 59 776.26 


Cash Balance, December 31, 1945. 


$85 534,67 
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Detail of Assets ano Liabilities of_Building Fto©, as of Decebcbe^Rj,. 31s : 


Casli in Girard Trust Co-s PHladelpHa, Pa - $85 53,4.67 

Investments $25 000. U. S. Treasury Bonds 2is 1967-72 at 

1101.16. (Market Value $25 367,19)— Cost. 25 390.63 

Accounts Receivable; 

Sales and salvage of equipment at 1916-18 Race St., 

PHladelpMa, Pa. incident to possession of property 

and preparation for alterations — ^Net of expenses 466.69 

Property, 1916-18 Race St., PMladelpliia, Pa. 

Purchase price. $53 625.00 

Commission to Agent. ■ 2 681,25 

Settlement fees, net 197.10 


56 503.35 

Allocated to; 

Land 30 000.00 

Building. 26 503 .35 

Construction Costs: 

Architects fee $1200.00 

Rent paid to facilitate possession 110.00 

2k)ning fees and permits 17.50 


1327.50 


Less, salvage sales, as above 


466.69 860.81 


Total Assets 


.$168 756.15 


Liabilities 

Contributions 

Income on Investments: 

6 months interest to 12/1/45 on U. S. Treasury 

Bonds 2is 1967-72 

Less, accrued interest at purchase 


144 998.43 


312.50 

54.78 257.72 


Mortgage Payable — dated Dec. 23, 1943 due within 5 years 

with quarterly installments of $187.50 at 5 per cent. , 23 875.00 

Less, 2 quarterly payments of $187.50 each 375.00 23 500.00 


$168 756.15 
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In addition to the General Funds and Building Fundj the Society also had on hand the following 
funds, as of December 31, 1945: 

A.SXM. Research Fund 

■ Uytinvested 

Frindpcd Account Total Invested ' Cash ' ; 

Balance January 1, 1945 $39 198.49 |37 408.99 $1 789. SO 

Receipts: 

Contribution — ^A,S.T.M. Current Entrance Fees.... +2 300.00 +2 300.00 ' 

Sale of Securities ' , -2 293 .00 +2 293 .00, 

Loss on Securities sold or called -*1 217.00 —I 217.00 

$40 281.49 $33 898.99 ”$638^^ 

Disbursements: 

Purchase of Securities +4 787 .25+4 787 . 25 

Balance, December 31, 1945.... $40 281.49 $38 686,24 $1 595.25 

Incofne Account: 

Balance January 1, 1945 $2 674.19 

Receipts: 

Interest and Dividends on Investments 1 173,92 $3 848.11 

Disbursements: 

Engineering Foundation 300.00 

Cash Balance December 31, 1945 $3 548.11 

Dudley Medal and Marburg Lecture Fund 

Balance January 1, 1945 

Principal — Investments (at cost) $6 625.00 

Income — Cash 343.43 $6 968.43 


Interest on Investments 


Receipts 


Disbursements 


None, 


Balance^ December 31, 1945: 

Principal — Investments (at cost) 

Income-Gash *. . . 

Richard L. Temrlin Award Fund 

Prindpal — Investments (at cost) 

Receipts 

Contributions from A.S.T.M. for Cost of Certificate ' 

Interest on Investments. 

Disbursements 

None... . ' 


66.00 $7 034.43 


$7 034.43 

$6 625.00 

409.43 $7 034,43 


$1 000.00 


100.00 

12.50 $1112.50 


$1 112.50 


Balance, December 31, 1945: 
Principal— Investment (at cost) 
Income— Gash. ... .... 


1000.00 

.112.50. $1,112.50. 


: AmNIJM. :,RePORT OE THE^EXECIJXim.C^ V . , 69 

COMMITXEE Fto^BS 

Committee A-1 on Steel. $1213.72 

Committee A-S on Corrosion of Iron and Steel 3 202 .4:2' 

Committee B--3 on Corrosion of Non-ferrous Metals and Alloys. 2 5^.44 

Committee B-6 on Die Cast Metals and Alloys 2 456.68: 

Committee B-8 on Electrodeposi ted Metallic Coatings 45.36 

Committee C-1 on. Cement. ■ 840.76: 

Committee C-1 on Master Builders Co. Special Fund 6 916.51 

Committee C-1 —Cement Reference Laboratory 500,00 

Committee C-9 on Concrete and Concrete Aggregates. 200.82 

Committee C-9 on Sanford E. Thompson Medal Fund. — 403.25 

Committee C-15 on Manufactured Masonry Units 366.56 

Committee G-i 8 on Natural Building Stones and Slate 176.36 

Committee D-1 on Paint, Varnish, Lacquer, and Related Products. ... 74.25 

Committee D-2 on Petroleum Products and Lubricants 167 .01 

Committee D-S on Coal and Coke 1357.77 

Committee D-1 2 on Soaps and Other Detergents 73,30 

Committee D-13 on Textile Materials 339,46 

Committee^ D-13 on Research Textile Finishes. ^ — 238.34 

A.S.A. Sectional Committee on Specifications for Cast Iron Pipe and Special 

Castings...... - 1741.77 

Research Committee on Fatigue of Metals ........ 197.56 

Detroit District Committee 1 132.00 

Philadelphia District Committee 179.57 

Pittsburgh District Committee 55.50 

Total Committee Funds ^24 477 .41 

Accounted for as follows: 

Cash Balance, December 31, 1945 $15 461.23 

Investments — at cost 9 000.00 

Accrued interest on bonds purchased 16.18 


$24 477.41 
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INVESTMENTS 

As OF December 31, 1945 
General Fonbs 


Number of 

Shares or . • Cos! or 

Far Value Booh Value 

Bonds 

$2 000 Associated Electric Co. 41^8, due 1953. ......... $1 693.50 

2 000 Columbia Gas & Electric Co. Debentures S% due 

1961. 2025.34 

4 000 Erie R. R. Co. General Mortgage, Income 4i’s, 

due 2015 ■ 2 832.00 

2 000 Hudson Coal Co. S. F. S’s Series A, due 1962. ... 1 697 .25 

3 000 Southetti Pacific Debentures 4§’s, due 1969 2 544.75 

13 000 U. S. Savings Bonds, Series G 2JV. 13 000.00 

4 800 U. S. Treasury Bonds, 2i^s, due 1967-72 4 800 .00 

2 000 U. S. Treasury Bonds, due 1964-69 2 000.00 

2 000 U. S. Treasury Bonds, 2’s, due 1952-54 2 000 .00 

50 000 U. S. Treasury Bonds, 2’s, due 1952-54 50 765 . 63 

22 000 U. S. Treasury Notes, li% due March 1947.. ... 22 000.00 


$105 358.47 


Slock 

19 American Cyanamid Co., 5 per cent cumulative 

preference 190 . 00 

25 Colgate-PalmoEve-Peet Co., $3.50 preferred. .... 2 525.00 

SO General Telephone Corp., $2.50 preferred® 2 675.00 

20 O. C. Murphy Co., 4J per cent preferred 2 100.00 

100 Murray Corp. of America, 4 per cent cumulative 

preference 5 050.06 

75 Allis-Chalmers Mfg. Co., common, no par value. 3 316.20 

25 American Can Co., common 2 122.30 

SO American Cyanamid Co., Class B common.. .... 1 764.25 

100 American Rad, & Std. Sanitary Corp., common.. 1 564.32 

25 American Tobacco Co., common. 2 110. 12 

100 Atlantic Refining Co., common par $25 , 2 302 . 50 

10 Delaware Power k Light Co., common 135.00 

25 Hazel Atlas Glass Co 2 510 . 64 

100 S, S. Kresge Co., common 2 490 . 18 

100 Mathieson Alkali Works, common, no par value . 3 016.00 

25 J. C. Penney Co., common — ■. . . 2 279.63 

67 Philadelphia Electric Co., common 1 185.06 

116 Public Service ■ Corp. of N. J., common 4 369 . 50 

SO The Texas Company 2 519.55 

20 United Gas Improvement Co., common , 315.00 

SO U, S, Gypsum, common 3 819 . 27 


$48 359.58 


Totals $153 718.05 


MarM' 

Vdm 

$2 035.00 

2090,00 

3 920,00 
1 600.00 
3 090.00 
12 370.00: 
■4 870,50 
2 051.45 
2 08842 
52203.12 
22 082,50 


$108 400.49 


218.50 
2 650.00 
3450.00 

2 290.00 

5 025.00 

3 993,75 
2 512.50 
2 425,00 

1 825.00 

2 225,00 

3 950.00 
240.00 

3 056.25 
3 300.(M} 
3 150,00 
3 721,88. 

1 909.50 

2 813.00 

3 050.00 

477.50 
5 700.00 


$57 982,88 


$166 383,37 
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Nimber of 

Skates or Cosi or 

FarV'alue^ - BookVodue 

Bonds 

$25 000 U. S. Treasury Bonds^ 2i's5 * $2S 390.63 

A.S.T.M. Research Fund 

Bonds 

$2 000 Associated Electric Co., 4|’s, due 1953 ■ $1 693.50 

1 500 Balto. & Ohio R. R, General and Refunding 

5's series E, due 1996 1 511.25 

2 000 Columbia Gas & Electric Co., Debentures 5’s, 

due 1961.. 2 025.31 

2 000 HudsonCoalCo.S.F., 5^s, Series A, due 1962 1 697.25 

4 500 U. S. Defense Savings Bonds, series G, 2|’s®. . 4 500.00 

2 000 U. S. Treasury Bonds, 1965-70, 2 000,00 

3 000 U. S. Treasury Notes, l|*s, March, 1947,. . . 3 000.00 


$16 427.31 

Stock 

30 Butler B ros. , cumulative preferred 3 090 . 00 

12 Consolidated Edison Co. of N. Y. $5 pre- 
ferred 1 234.39 

29 Consumers Power Co., $4.50 preferred, no 

par value 2 914.50 

30 G. C. Murphy Co., 4f per cent preferred 3 150.00 

100 Allis-Chalmers Mfg. Co. common, no par 

value 4 421.59 

5 Delaware Power & Light Co., common 67.50 

98 General Motors Coip., common, par $10^. . . . 6 504.75 

33 Philadelphia Electric Co., common 583.70 

9 Public Service Corp. of N. J., common 135.00 

10 United Gas Improvement Co., common. ... . 157.50 


$22 258.93 
$ 38686 ?^ 


Dudley Medal and Marburg Lecture Fund 


$ 500 Balto, & Ohio R. R. Refunding & General 

Mortgage, 6*s, Series C, due 1995 $ 550.00 

6 000 Balto, « Ohio R. R. Refunding & General 

M ortgage, Series A, 1995 6 075 . 00 

$6 625.00 

Richard L. Templin Award Fund 

$1000 U, S. Treasury Bonds, 2§’s, 1967-72 $1 000.00 

Committee Funds 

1 000 U. S. Treasury Bonds, 2i's, 1960-55. $1 000,00 

2 000 U.S. Treasury Bonds, 21% 1964-69......... 2 000.00 

3 000 U. S, Treasury Bonds, 2|’s, 1965-70. ........ 3 000.00 

3 000 U. S. Treasury Bonds, 2^3, 1967-72. ....... . ■ 3 000.00 

' ^ I $9 000.00 

Grand Total....... $234 419.92 


® Market values were taken, from current financial publications with tbe exception of OTOtatmna 
listed securities, indicated bs? footnote &, These values^were obtained from brokers as oi Decemuer 

® The Income from these shares is, hy agreement, paid to an amuitant. 

® Market value is stated at resdemption value as of December 31, 19 * 5 . ’ 
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, fdm 
$25 367.19' 


,$ 2 ’ 035. 00 

1 436,25 

2 090.00 
1 600.00 
4 278.00 
,2 046.87 

3 Oli .25 


$16 497.37, 

3 2,70.00 

1 296.00 

3 284.25 
3 435.00 

5 325.00 
120.00 
7 399,00 
940.50 
218.25 
238.75 


$25 526.75 


$42 024.12 


$ 508.13 
5 812.50 


$6 320.63 


$1 014.68 


$1 148.44 

2 051.25, 

3 070,31 
3 044.06 


$9 314.06 


$250 424.05 


; on inactive or im- 
31,1945. 
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and supplies; and second, adjustment of , 
the , Society wage and salary scales tO' 
present economk trends and conditions. 
Making adequate .provision for these 
factors an,d providing' for such staff 
expansion as seems appropriate at this 
time, it has been estimated that dis- 
bursements for 1946 will be $348,500, 
which provides for meeting the full costs 
of printing the 1946 Book of Standards 
from current funds and the established 
reserve of $15,000. 

In estimating current receipts, the 
Executive Committee felt that while 
there was no indication at the beginning 
of the year of any serious reversal of 
trend in growth of Society income, there 
is obviously much economic uncertainty 
and adverse conditions could develop 
at any time. Accordingly, it has been 
considered wise to be definitely on the 
conservative side and assume that there 
may well be a falling off in the rate of 
income from membership dues, sales of 
publications and miscellaneous sources* 
Current receipts have therefore been 
conservatively estimated at $297,000. 
To balance the budget the sum of $51,500 
will if necessary be applied from the 
reserve of the Society as follows: $2000 
from the Publication Reserve to be ap- 
plied to costs of committee work in 
preparation of X-ray Diffraction Data 
Cards; the Headquarters Reserve of 
approximately $6500 to be applied to 
the cost of moving Society headquarters 
and purchase of new furnishings; and 
$43,000 from net surplus. 

This application of reserve funds to 
finance expansion of Society activities 
and to provide funds for operations in 
the “off year” of receipts from Book 
of Standards sales is in line with estab- 
lished policy. To a certain extent this 
use of such funds is equivalent to a 
“pump priming” operation to meet ini- 
tial costs of new activities, which in time 
will pay their way through increased 
membership and new publications. 


A new feature of the 1946 budget is a 
section on Headquarters , Occupancy 
Expense which provides for estimated 
expenses of headquarters, occupancy 
substantially equivalent to the item of 
rent in previous budgets, .Included in 
this section of the budget are such items 
as . taxes, interest on mortgage, cost of 
utility services (electricity, water, 
steam), other operational costs such as 
janitorial, equipment and cleaning serv- 
ices, and maintenance and repairs. 
This section will also include the charge 
for depreciation of building and equip- 
ment previously mentioned. 

The budget was prepared in January. 
A careful review in April revealed no 
need for any changes. The Executive 
Committee will further review all finan- 
cial operations during the annual meet-* 
ing. 

In January, 1946, the Executive Com- 
mittee transferred from the net surplus 
reported on December 31, 1945, the 
following sums to the accounts indi- 
cated: $7000 to the Publication Reserve, 
being a substantial part of the net profits 
on sale of X-ray Diffraction Data Cards, 
to be used to support the work of the 
Joint’ Committee on Chemical Analysis 
by X-ray Diffraction Methods in the 
development of further data and publi- 
cation thereof; $3500 to the AIME- 
A.S.T.M. Publication Fund to meet the 
cost of the Joint Symposium on Stress 
Corrosion Cracking, matching a similar 
contribution of the AIME; and 42000 
to the Executive Retirement Reserve. 

Since January 1, 1946, there has been 
sold from the General Funds $22,000 
of U. S.- Treasury Notes Ij due March, 
1947, yielding $22,097,45. Investments 
have been made in , those , funds in ., the 
sum of $26,678.11, as follows: ,100 .shares 
of Baldwin Locomotive, 100 shares of 
International Harvester, 100 shares of 
Carpenter Steel, 30 shares of American 
Viscose, and $5000 Convertible Bonds 
3J of the , Walworth Co* Cash in the 
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principal of the Research Fund was in- 
vested in 100 shares of Ohio Oil, in the 
amount of $2167.88, 

The : total book value of Society 
'investments as of May 31, 1946, in all 
funds was $241,265.91, The Society’s 
cash balance on May 31, 1946, was 
1159,995.87, 

Retirement Plan for Employees: 

The Retirement Plan for Employees 
has been continued upon the basis es- 
tablished in May, 1944, which was de- 
scribed in the Executive Committee 
report for that year.^ During the past 
year, three employees in the Plan have 
resigned from the staff and one employee 
has joined the Plan, making 19 of 26 
eligible employees now in the Plan. 

The Society’s total contribution in 
premiums for retirement policies for the 
above-mentioned 19 employees is at the 
annual rate of approximately $8350, 
which is roughly 7 per cent of the present 
salary roll and 2| per cent of estimated 
current disbursements. The total of 
employees’ annual contributions, in- 
cluding insurance benefits which most of 
them have elected, is approximately 
$2450. 

Cooperative Activities: 

Discussions have been continued dur- 
ing the year with various government 
agencies looking towards better collabor- 
ation between these agencies and the 
Society in the development of govern- 
ment and A. S,T.M. specifications. The 
organization for development of Federal 
specifications has been substantially 
revised by the Government through the 
formation of the Federal Specifications 
Board (to replace the former Federal 
Specifications Executive Committee) and 
through strengthening the Specifications 
Branch of the Procurement Division, 
Treasury Department. The Executive 
Committee had the opportunity to re- 

’ Ffoceeiinis» Am. Soc. Testing Mats., VoL 44, p. 59 
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view the plans for reorganization and 
submitted several comments and recom- 
mendations to the Director of Procure- 
ment. The new set-up should greatly 
facilitate and expedite development and 
revision of Federal specifications and 
at the same time provide the means of 
more direct cooperation between the 
technical specification committees of 
the Federal Specifications Board and 
committees of A.S.T.M. Provision is 
being made for direct contact of staff 
members of F.S.B. and A.S.T.M., which 
it is believed will help to keep Federal 
and A.S.T.M. specification activities in 
step one with the other. 

An important feature of the new or- 
ganization for Federal specifications is 
the establishment of an Industry Ad- 
visory Council, the members of w'hich 
are appointed by the Secretary of the 
Treasury from industry and from vari- 
ous technical organizations dealing with 
the development of specifications and 
standards. The purpose of this Coun- 
cil is to provide closer relationship be- 
tween industry and technical societies 
and the Federal Specifications Board, to 
bring about the maximum utilization of 
and conformity with industrial prac- 
tice, to promote close cooperation of 
industry suppliers and manufacturers, 
and to obtain the fullest technical par- 
ticipation and assistance of industry in 
the development of Federal specifica- 
tions. Provision is being made for the 
establishment of industry task com- 
mittees wherever these would be ad- 
vantageous, to assist in the developmeirt 
of Federal specifications. Use will also 
be made of committees of technical 
societies as advisory task groups where 
the representation is adequate for this 
purpose. The Executive Secretary has 
been named as a member of the Indus- 
try Advisory Council. 

Application of these principles of 
cooperation was made early this year 
through the establishment of an A,S. 
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T.M» conference group to advise with 
the Federal Technical Committee on 
Liquid Fuels concerning proposed Gov- 
ernment Specifications for Motor Fuel. 
A joint meeting of the A.S.T.M. con- 
ferees with representatives of the Federal 
committee was held in Washington on 
February 15, at which proposed Govern- 
ment specifications were discussed in de- 
tail and recommendations of representa- 
tive members of the petroleum and 
automotive industries were submitted to 
the committee. The conference group 
has been retained in anticipation of 
periodic meetings for further review of 
the specifications. 

The Executive Committee has con- 
tinued to urge upon all Federal specifica- 
tion agencies the importance of their 
direct and active participation in A.S. 
T.M. committee work on specifications 
and methods of test. Generally speak- 
ing the gains in such representation and 
participation made during the war have 
been retained, although with demobiliza- 
tion of the Armed Services there have 
naturally been many changes in repre- 
sentation. Such direct participation in 
Society committee work is of inestimable 
value both to the government and the 
Society in their respective specification 
activities, and through it there continue 
to be numerous examples of close co- 
ordination between the work of A.S.T.M. 
and Federal specifications committees. 

Another phase of Government specifi- 
cation activities in which the Society and 
many of its committees are greatly in- 
terested is that represented by the work 
of the Joint Army-Navy Specification 
Board, which deals primarily with the 
harmonizing of requirements of specifica- 
tions of the Army and Navy for military 
materiel. The work of this Board has 
resulted ^ ^ in many joint Army-Navy 
0AN) specifications, which form an in- 
creasingly important group of govern-, 
ment specifications' where' coordination 


with' industry, specifications, including 
those of A.S.T.M., is important. Infor- 
mal discussions have been continued 
during the year on the establishment of 
procedures . whereby the Society can 
render an effective service to the JAN 
Board, especially in advising on . tests and 
specification requirements .for materials 
and products that are produced for both 
military and industrial applications. 
Several lines of cooperation have been 
established, especially in the fields of 
electrical insulating materials and plas- 
tics. 

The Society’s cooperative relations 
with its sister technical organizations 
have been continued during the year 
along lines of well-established policy. 
The formation of certain new joint com- 
mittees and several Society appointments 
to committees of other organizations are 
noted below. 

The Executive Committee accepted an 
invitation from the American Welding 
Society to appoint representatives to a 
Joint Conference Committee of the 
A.W.S., A.S.T.M., and the American 
Iron and Steel Institute to consider 
specifications for structural steel for 
welding. Messrs, David Arnott, Ameri- 
can Bureau of Shipping, N. L. Mochel, 
Westingliouse Electric Corp. and chair- 
man of Committee A-1 on Steel, and A. 
R. Wilson, Pennsylvania Railroad Co., 
were named as the Society’s representa- 
tives on the conference committee. 

V. J. Altieri, Eastern Gas and Fuel 
Associates, has been named as the Soci- 
ety’s representative on the ^ Chemical 
Section of the American Gas Association. 

R. W. Lahey, American Cyanamid 
Co.,, was appointed as the Society’s rep- 
resentative on the , Container Testing 
Committee of the Technical Association 
of the Pulp and Paper Industry. 

E. R. Young, .Climax: Molybdenum 
Corp., was appointed as representative of 
' Committee A-3 am /Cast Tron .on;', the 
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Specification Study Committee of the 
Gray Iron Foundry Division, American 
Foundrymen^s Association. 

The Executive Secretary has accepted 
membership on a Joint Committee' on 
Measurement of Opinion, Attitudes and 
Consumer Wants, sponsored by the Na- 
tional Research Council and the Social 
Science Research Council. The work of 
this joint committee is expected to be 
of value to the Society's work in the field 
of ultimate consumer goods in that 
establishment of adequate methods of 
determining consumer wants should as- 
sume increasing importance as work in 
that field develops. 

American Standards Association: 

The most important development this 
year in the affairs of the American 
Standards Association, and of much sig- 
nificance to its member bodies, is the 
attention that has been given to the 
idles of Government and industry in 
standardization activities. The con- 
ference of industrial executives held in 
January, 1945, at the call of the Secretary 
of Commerce (mentioned in the annual 
report last year) led to the formation of 
a Policy Committee on Standards under 
the chairmanship of Charles E. Wilson, 
President of the General Electric Co. 
This committee in June, 1945, presented 
a report to the Secretary of Commerce 
whidi (1) advocated that industry 
should assume leadership in the work of 
industrial standardization and that 
/^standards activities which involve ne- 
gotiation, opinion, judgment or com- 
promise should be developed through 
individual and joint efforts of technical, 
manufacturing, merchandising and con- 
sumer groups”; (2) expressed the belief 
that the idle of Government should be 
essentially that of research to provide 
data for standards and economic and 
marketing information; and (3) recom- 
mended that industrial standardization 
should be coordinated and promoted 


through the American^ Standards Asso- 
ciation as the federation of the standard- 
izing bodies of the country. The report 
also discussed the work of the Depart- 
ment of Commerce in the development 
of trade standards and made certain 
recommendations relating thereto, which 
in effect call for a functional division of 
effort between the Department of Com- 
merce (including the National Bureau of 
Standards) and interested private groups 
(including the American Standards As- 
sociation) and for cooperation between 
all parties concerned. The Policy Com- 
mittee Report is published in full in 
Industrial Standardization, July, 1945. 

The Executive Committee found itself 
very generally in agreement with the re- 
port in principle and lent its support 
thereto in the counsels of ASA. While 
not agreeing necessarily with all state- 
ments in the supporting memorandum 
to the report, the Executive Committee 
particularly endorsed the statement 
therein defining a field for ASA and the 
following statement that appears as a 
conclusion to the memorandum: 

“A digest of this supporting memorandum 
clearly demonstrates to this committee that it 
is to the forward-looking self-interest of business 
that its executives should make adequate pro- 
vision for the handling of standardization 
problems, first, within their own companies, and 
second, within their trade associations, and 
thirdly, within the professional and technical 
societies. It is equally to their interest that 
they should, through their companies and trade 
associations, adequately support, both with 
effort and funds, not only the standardization 
work of the national, professional, technical and 
trade associations in which they have or shoull 
have a part, but also, through affiliation, activity 
and the supply of adequate finances, support 
the work of the federation of these bodies-— the 
American Standards Association.” 

Under date of February 28, 19465 
Secretary of Commerce Wallace ad- 
dressed a letter to Mr. Wilson wMdi set 
forth the views of the Department of 
Commerce. The letter is published in 
Industrial Standardimtion, April, 1946. 
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In brief, Mr, Wallace expressed agree- 
ment with the main thesis of the Policy 
Committee Report, saying that the De- 
partment could accept the general objec- 
tives and spirit of the report and would 
be glad to see the American Standards 
Association and other organizations pur- 
sue a vigorous program in the field of 
trade standards. He gave assurance of 
willingness of the Department to coop- 
erate to the fullest extent in providing 
scientific, technical, economic and mar- 
keting data useful in such a program. 
However, he reserved to the Department 
of Commerce its present work of de- 
veloping trade standards at the request 
of industry, explaining that the Depart- 
ment has a statutory responsibility to 
provide such services in the interest of 
business and industry and the general 
public. At the same time he indicated 
the intention to modify the r61e in this 
work of the National Bureau of Stand- 
ards. Finally, he said j:hat to the extent 
that ASA is able to perform trade stand- 
ard services to the satisfaction of all 
groups concerned, the Department is 
prepared to encourage the use of ASA 
facilities for the initiation, development 
and publication of standards. 

The Policy Committee on Standards 
has been asked to continue to function 
as an advisory group to the Department 
of Commerce, and a joint conference 
committee of the ASA and the Depart- 
ment has been established to facilitate 
cooperative activities. 

These matters are of obvious im- 
portance to this Society, which for nearly 
fifty years has been engaged in the de- 
velopment of standards for tests and 
specifications for materials. We have an 
obvious stake in the successful develop- 
ment of such work in the future, and in 
the establishment of the most effective 
relation between industry and Govern- 
ment in relation thereto. According^, 
the Executive Committee is giving the 


fullest consideration to these develop- 
ments, and at the moment is engaged dn 
discussion of , salient . points, : with the . 
ofi&cers of ASA. 

The amendment of the .Constitution 
of the American Standards Association 
referred to in the report a year ago and' 
for ■ which the Executive: Committee 
voted affirmatively for the Society has 
been adopted, including the -statement of 
basic principles proposed by A.S.T.M, 
The main effect of the amendment of the 
Constitution is to broaden the scope of 
ASA to cover standardization in other 
fields than those of strictly engineering. 

In its report a year ago the Executive 
Committee referred to a proposal that 
had. been announced for incorporation 
of the American Standards Association 
through a Federal charter and to the fact 
that the Executive Committee was 
strongly opposed to such incorporation 
under the particular terms proposed. A 
conference of representatives of member 
bodies of ASA was held in September, 

1945, at which the subject was thor- 
oughly discussed. As a result of that 
conference the Board of Directors of ASA 
enlarged its Committee on Congressional 
Charter by the appointment of repre- 
sentatives of the Society of Automotive 
Engineers, National Lumber Manufac- 
turers Association, and this Society. In 
accordance with this action the Executive 
Secretary accepted membership on the 
enlarged Charter Committee and has 
participated in three meetings of the 
committee. A proposal for State in- 
corporation has been advanced and the 
questions at issue are still under consid- 
eration. 

The Conference of Staff Executives of 
Member Bodies of ASA, which as noted 
'a year ago was established by appoint- 
ment of the ASA Board of Directors, has 
begun to function. The first meeting of 
the Conference was held on March 7, 

1946, at which the legal aspects of 
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standardization were ably, discussed by 
Mr. James V. Hayes; and Mr. Howard 
Coonley, newly appointed chairman of 
the ASA Executive ’ Committee, ad- 
dressed the members of the Conference 
on recent developments in ASA with 
particular reference to the relationships 
with the Department of Commerce 
previously discussed. The Executive 
Secretary of the Society is serving as 
chairman of the Conference. 

J. R. Townsend has been re-appointed 
as one of the Society’s representatives on 
the ASA Standards Council for a term 
of three years. R. P. Miller has been 
re-appointed as the Society’s representa- 
tive on the ASA Building Code Corre- 
lating Committee for a term of two 
years. 

International Activities: 

The Society has continued work on 
proposed international standardization 
projects cleared through the United Na- 
tions Standards Coordinating Commit- 
tee, in which the American Standards 
Association is the representative of the 
United States. Responsibility for direc- 
;ion of this work has been delegated by 
Jie Executive Committee to the Admin- 
strative Committee on Standards and 
reference to several UNSCC projects will 
be found in the appended report of that 
committee. 

In October, 1945, there was held in 
New York City an International Con- 
ference under the auspices of the United 
Nations Standards Coordinating Com- 
mittee. The purpose of the conference 
was to consider steps that should be 
taken towards the formation of a new 
international standards association and 
to undertake the development of a pro- 
posed constitution for such an organiza- 
tion. To facilitate American participa- 
tion in this tonference, the president of 
the American Standards Association 
appointed a temporary ASA Committee 


on International Standardization Work, 
in which the A.S.T.M. as a member body 
of ASA was represented by the Executive 
Secretary. This committee examined a 
preliminary draft of a constitution and 
three of its members were named as 
advisers to the American delegates to the 
conference. The conference was suc- 
cessful in its deliberations and adopted a 
constitution for submission to those 
national standards bodies who express a 
desire to participate in the formation of 
the new international standards organi- 
zation. At the moment means of for- 
mally disbanding the old International 
Standards Association are under consid- 
eration and plans are being laid for a 
further conference in London next fall, at 
which formal organization of the new 
body may be consummated. 

The organization of an international 
association is related in an important 
manner to the establishment under the 
United Nations Charter of the Economic 
and Social Council, whose purposes are 
so broadly defined as to permit of includ- 
ing international standardization within 
its scope. The Council is authorized to 
consult non-governmental organizations 
that are concerned with matters within 
its competence, so that the existence of 
an International Standards Association 
organized by the national standards 
bodies of the world is highly desirable. 

Accordingly, the Executive Commit- 
tee favors the formation of a new Inter- 
national Standards Association upon 
which the ASA will be the American 
member, provided that procedures will 
be established whereby international 
standardization projects will be chan- 
neled into the appropriate ASA member 
bodies for study and development from 
the American standpoint. 

It is understood that the United Na- 
tions Standards Coordinating Committee 
will carry on its activities until the 
formation of the international standards 
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association j after whicli it will be dis- 
banded and its work turned over to the 
new .organization* 

There have been a number of interest- 
^ing contacts during the year with stand- 
ardizing and technical bodies of other 
nations. Representatives of such bodies 
from Great Britain, Australia, New 
Zealand, Norway, Denmark, Holland, 
France, Belgium, China, Brazil, Uruguay 
and Chile visited the Society headquar- 
ters and conferred at length with various 
members of the staff. Resumption of 
normal relations and interchange of 
standards is greatly to be desired, and 


the staff is giving particular attention to 
all inquiries from foreign organizations. 
These international relationships are also 
being strengthened by the return to 
membership of many of our foreign mem- 
bers and the acquisition of new members 
from abroad. 

Respectfully submitted on behalf of 
the Executive Committee, 

J. R. Townsend, 
PresidenL 

C. L. Warwick, 

Executive Secretary » 

June 24, 1946. 
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REPORT OF, ADMINISTRATIVE 

Since the 1945 Annual Report of the 
Committee on Standards (then desig- 
nated Committee E-10) an unusually 
large number of recommendations has 
been submitted to the committee and 
received consideration. As indicated in 
that report, rather than to have the rec- 
ommendations dealing with new tenta- 
tives and revisions of tentatives sub- 
mitted at the annual meeting, these were 
submitted instead to the Committee 
on Standards. A special meeting for 
consideration of these recommendations 
was held on June 27, 1945. As a result 
of action taken at this meeting, 39 new 
tentatives were accepted for publication 
as well as 42 revisions of tentatives and 
3 tentative revisions of standards. 
These are recorded in the Summary of 
Proceedings, 1945.^ 

Several of the recommendations ap- 
pearing in the annual reports were 
carried over, since the information in- 
cluded on the letter ballot vote was in- 
complete. These, together with a num- 
ber of new recommendations, then came 
up for consideration at a meeting of the 
Committee on Standards held on Au- 
gust 27. As a result of the action taken, 
14 new tentatives were accepted as well 
as 7 revisions of tentatives, 10 tentative 
revisions of standards, the revision of an 
Emergency Alternate, the withdrawal 
of an Emergency Standard, and the with- 
drawal of a tentative and a standard. 
A list of these appears in Appendix A 

^ t St 3 i 3 amary ©I Proceedings of the Forty-Eighth Annual 
Meeting, FroceedingSt Am. Soc. Testing Mats., Voi. 45, 
p.l(l94S). , 


COMMITTEE ON STANDARDS . 

attached to this report. Since then 
more recommendations have been acted 
upon by letter. These are listed in Ap- 
pendix B. 

Actions Under Emergency Procedure: 

The following two recommendations 
other than those acted upon at the meet- 
ing of August 27 referred to above, have 
been received dnd acted upon during the 
year: 

ES-43a Emergency Method of Test for 
Sulfated Residue from Lubricat- 
ing Oils by Air Ignition. 

EA-D 119a Specification for Rubber Insulating 
Tape. This revision was later 
withdrawn. 

As might well be expected, many of 
the Emergency Alternates and Emer- 
gency Specifications are now being dis- 
continued on the recommendation of the 
technical committees concerned. 

Emergency Alternates have been with- 
drawn on the recommendation of the 
technical committee concerned as fol- 
lows: 

Subm tied by : 

EA-D 97 D-2 Method of Test for Cloud 

and Pour Points. 

EA-D 524 D-2 Method of Test for Carbon 

Residue of Petroleum 
Products (Ramsbottom 
Carbon Residue). 

EA-D 147 D-8 Methods of Testing 

Bituminous Mastics, 
Grouts and Like Mix-' 
tures. 

EA-D 353 . ■ D-11 Specifications for Insulated 
Wire and Cable: Per- 
formance Rubber . Comr 
pound. 

EA-D 469a D-11 Specifications for Insulated 
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Wire and Cable; Heat- 
Resisting Rubber Com- 
pound. 

EA-D 532a D-11 Tentative Specifications for 
Rubber Sheath Com- 
pound for Electrical 
Insulated Cords and 
Cables. 

The Emergency Specifications ES-31 
have been withdrawn and replaced by 
Tentative Specifications for Electro- 
deposited Coatings of Lead on Steel (B 
200- 45 T). 

All of the Emergency Alternates and 
Specifications that are still in force are 
receiving attention in the technical com- 
mittees, particularly since it has been 
proposed by the Executive Committee 
that all such Emergency^ Standards and 
Alternates be discontinued by the close 
of the Annual Meeting. While in most 
instances, there will be no further need 
of the emergency recommendations, nev- 
ertheless conditions continue to exist 
in certain fields which will necessitate 
special provisions being made in the 
standards in question, as for example 
those in the soap field. 

Expansion of Standardization Activities: 

At no time in the Society's history 
has there been such expansion taking 
place in the technical committee ac- 
tivities. New committees are in process 
of organization or in prospect on the 
following subjects: 

Asbestos-Cement Products. — A. per- 
sonnel has been developed and accept- 
ances received so that a meeting to 
effect organization will be held in the 
near future. 

Oxychloride Cement— Tht personnel 
of a proposed committee authorized at 
the October meeting of the Executive 
Committee is now being assembled. 
The function of this committee is to 
develop test procedures and specifica- 
tions for oxychloride cements for use in 
connection with flooring, molds, re- 
fractories, etc- It should be of direct 


assistance to a new sectional committee 
on oxychloride cement flooring which is 
being organized under the joint sponsor-, 
ship of the A.S.T.M. and the National 
Bureau of Standards. 

Engine Antifreezes r A special , study 

committee which was organized to re- 
view the field is recommending to the 
Executive Committee an outline of, 
scope and proposed personnel for a new 
technical committee on engine anti- 
freezes. Upon the approval of the 
Executive Committee, the organization 
of this committee may be completed 
prior to the annual meeting. 

Sulfur C&mmts. — The Society still 
has before it the organization of a com- 
mittee on sulfur cements authorized 
several years ago, but the organization 
of which was held up in view of wartime 
conditions. 

Cutting 0&'.— The Committee , on 
Standards referred to Committee I)-2 on 
Petroleum Products and Lubricants the 
question of organizing work on cutting 
oils, and Committee I)-2 is now setting 
up a new technical committee to handle 
the subject. 

Other Subjects Requiring Development 
—Two fields that the Committee on 
Standards would be interested in seeing 
developed are those of leather for 
cushioning, belting, gaskets, etc., and of 
porcelain enamels. Particularly in ; .the 
latter field, in view, of inquiries that, are 
received, it would 'appear that the subject 
would justify development in the A.S. 
T.M. 

Submission of Standards • to , the^ A SA.: 

The submission of A.S.T.M. standards 
to the A.S.A., for .. approval as American , 
Standard has been, confined for the most 
part* to,' standards under the jurisdiction 
of sectional committees: ' 

Sectional Committee Zll: 

Test for Carbonizable Substance in Paraffin Wax 

(A.S.T.M, D 612."^ ,45; A.S.A, Zll.SO— 1945) 



81 


Report ok Standards 


Test for Carbonizable Substances in WMte 
Mineral Oil (Liquid Petrolatum) (A.S.T.M. 
DS65 - 45; A.S.A.Z1L494945) ' 

Test for Distillation of Gasoline, Naphtha 
Kerosine, and Similar Petroleum Products 
(A.S.T.M. D 86-45; A.S.A. Zll.lO— 1945) 
Test for Flash and Fire Points by Means of 
Open Cup (A.S.T.M. 0 92-45; A.S.A. 
Zli.6— 1945): ; . ^ ' 

Test for Saponification Number of Petroleum 
Products by Color-indicator Titration (A.S. 
T.M. D 94-45; A.S.A. Z11.20— 1945) 

Test for Knock Characteristics of Motor Fuels 
(A.S.T.M. D 357 -45; A.S.A. Z11.37— 1945) 

Sectional Committee C59: 

Methods of Testing Shellac Used for Electrical 
Insulation (A.S.T.M. D 411 -44; A.S.A, 
C59.18— 1945) 

Standard for Vulcanized Fiber (N.E.M.A. 43-87; 
A.S.A. C59.20~-1945) ; . , 

The following standards under the 
jurisdiction of sectional committees have 
been reaffirmed by the A.S.A. as fol- 
lows: 

Sectional Committee C59: 

Specifications for Rubber Matting for Use 
Around Electric Apparatus or Circuits not 
Exceeding 3000 Volts to Ground (A.S.T.M. 
D 178-24; A.S.A. C59.4— 1935; Reaffirmed 
1945) 

Specifications for Rubber Insulating Tape 
(A.S.T.M. D 119-38; A.S.A, C59.6— 1939; 
Reaffirmed 1945) 

Methods of Testing Molding Powders Used in 
Manufactuiing Molded Electrical Insulators; 
(A.S.T.M. D 392 -38; A.S.A. C59.10— 1941; 
Reaffirmed 1945) 

Sectional Committee 114: 

Specifications for Hard-Drawn Copper Wire 
: (A.S.T.M. B 1-40; A.S.A. H4.2— 1941; Re- 

' affirmed 1945) , ■ . . 

Specifications for Medium-Hard-Drawn Copper 
Wire (A.S.T.M. B 2-40; A.S.A. H4.3— 1941; 
Reaffirmed 1945) 

Specifications for Bronze Trolley Wire (A.S.T.M. 
B9-39; A.S.A. PI4.5— 1940; Reaffirmed 
1945) 

Specifications for Copper Trolley Wire (A.S.T.M. 
B 47-39;A.S.A.H4.6— 1940;Reaffirmed 1945). 

Under the Proprietary Standards Pro- 
cedure^ revisions of the following speci- 
fications were approved by the A.S.A.: 


CimmUtee B-5 on Copper and Copper Allays, 

Case and Wrought: 

Specifications for Free-Cutting Brass Rod and 
Bar for Use in Screw Machines (A.S.T.M. 
B 16 - 45; A.S.A. H8.1— 1945) 

Specifications for Copper Water Tube (A.S.T.M. 

B88 - 45; A.S.A. H23.1— 1945) 

Specifications for Copper-Base Alloy Forging 
Rods, Bars and Shapes (A.S.T.M. B 124 - 45; 
A.S.A. H7.1— 1945) 

Committee D-1 on Faint, Varnish, Lacquer, and 
Related Products: 

Methods of Test for Coarse Particles in Pig- 
ments, Pastes and Paints (A.S.T.M, D 185 - 
45; A.S.A. K42.1— 1945) 

Committee D-1 1 on Rubber and Rubber-Like 
Materials: 

Method of Test for Accelerated Aging of Vulcan- 
ized Rubber by the Oven Test Method 
(A.S.T,M. D 573 - 45; A.S.A. J5.1— 1945) 

Discharge of Sectional Committee: 

' During the year, Sectional Committee 
G8 on Zinc Coating of Iron and Steel 
has been discharged. For a number of 
years all of the work on standards relat- 
ing to zinc coatings of iron and steel has 
been carried out in A.S.T.M. Committee 
A-5 on Corrosion of Iron and Steel which 
standards were subsequently transmitted 
to Committee G8 for approval. Since 
Committee A-S represents a balanced 
membership, according to all A.S. A. 
requirements, it was the feeling in the 
sectional committee that full responsi- 
bility for acting upon standards, includ- 
ing their reference to the A.S.A., should 
rest with Committee A-5 and that the 
sectional committee be disbanded. After 
discussing this question with the organi- 
zations represented on Sectional Com- 
mittee G8, the recommendation of the 
committee that it be discharged was 
approved by the Administrative Com- 
mittee on Standards and concurred in by 
the A.S.A. with the understanding that 
any organizations represented on Com- 
mittee G8 should be given the privilege 
of representation on Committee A-5. 
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United 'Rations Standards Coordinating 

Committee: 

Several projects under consideration 
by the U.N.S.CC. are of interest to 
/.the Society., 

.Siandardizaiion of Grades of Shellac 
and Methods of Testing,— A committee 
is being set up under the A.S.T.M. 
Committee BA on Paint, Varnish, 
Lacquer, and Related Products to handle 
international discussions on shellac. 
The project was suggested by the British 
Standards Institute. 

Definition of Terms Relating to Heat 
Treatment of Metals, — A project for the 
unification of terms and definitions of 
terms relating to heat treatment of 
iron and steel was proposed by the British 
Standards Institute. According to the 
American viewpoint developed by the 
A.S.1\M*, it was felt any discussions 
should relate to metals in general and 


not solely to iron and steel. It is“pro» 
posed that any international discussions 
be handled by the present Joint Commit- 
tee on Heat Treatment Definitions, 
expanding somewhat the personnel so to 
include representation from the; Federal 
Government. 

Methods of Testing Textiles,— Tht proj- 
ect on the unification of methods of 
testing textiles was proposed by the 
National Bureau of Standards. A spe- 
cial committee functioning under the 
Sectional Committee on Fastness of 
Colored Textiles (L14) has submitted 
a list of tests that might be used as a 
basis for these international discussions. 

Respectfully submitted on behalf of 
the committee, 

N. L. Moghel, 
Chairman, 

R. E. Hess, 

Secretary, 
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Recommendations Approved by the Administrative Committee on Standards at its Meeting, 

August 27, 1945 


Tentatives 

Specifications for: 

Electrodeposited Coatings of Lead on Steel 
(B 200 ~ 45 T), submitted by Committee B-8 

Chromate Finishes on Electrodeposited Zinc, 
Hot-Dipped Galvanized, and Zinc Die-Cast 
Surfaces (B 201 - 45 T), submitted by Com- 
mittee B-8 

Meta! Powder Sintered Bearings (Oil Impreg- 
nated) (B 202 -- 45 T), submitted by Com- 
mittee B-9 

Compression Test for Shipping Containers 
(D 642 - 45 T), submitted by Committee D-10 

Drop Test for Shipping Containers (D775- 
45 T), submitted by Committee D-10 

Chemical Analysis of Soaps Containing Syn- 
thetic Detergents (D 820 -45 T), submitted 
by Comtiittee D-10 , 

Evaluating Degree of Resistance of Traffic Paint 
to Abrasion, Erosion, or a Combination of 
Both, in Road Service Tests (D 821 -*45 T), 
submitted by Committee D-1 

Test for Total Aluminum and Aluminum Ion in 
Industrial Waters (D 857 - 45 T), submitted 


by Committee D-19 on Water for Industrial 
Uses 

Manganese in Industrial Waters (D 858 - 45 T), 
submitted by Committee D-19 
Test for Silica in Industrial Waters (D 859 - 
45 T), submitted by Committee D-19 
Chemical Analysis for Sulfur by Direct Com- 
bustion and Nitrogen in Steel (E 30 - 45 T), 
submitted by Committee E-3 
Determination of Bismuth in Pig Lead (E 58 - 
45 T), submitted by Committee E-3 

Recommended Practice for: 

Operating Light and Water Exposure Apparatus 
(Carbon-Arc T3^e) for Testing Paint, Varn- 
ish, Lacquer, and Related Products (1) 822 - 
45 T), submitted by Committee D-i 
Sampling Boiler Water from Stationary Boilers 
(D 860 - 45 T),, submitted by Committee D-19 

Revisions op Tentatives 
Specifications for: 

Electrodeposited . Coatings , of Nickel and 
Chromium , on , Steel ^ (A 1 66 - 45 T) , ^ sub- 
, mitted, by: Committee B-8 on Electrodeposited 
Metallic Coatings 



Repost on Standards 


83 


Electrodeposited , Coatings of Nickel and 
Chromium on Zinc and Zinc-Base Alloys 
(B 142 -45 T), submitted by Committee B-8 

Asphalt Roofing Surfaced with Coarse Mineral 
Granules (D 249'~,45 T), submitted by Com- 
mittee D-8 

MMois of: 

Test for Local Thickness of Electrodeposited 
Coatings (A 219 - 45 T), submitted by Com- 
mittees A-5 and B-8 

Test for Phthalic Anhydride Content of Alkyd 
" Resins and Resin Solutions (D 563-45 T), 
submitted by Committee D-1 . 

Preparation of Steel Panels for Testing Paint, 
Varnish, Lacquer, and Related Products 
(D 609 - 45 T), submitted by Committee D-1 

Recommended Practice: 

For Chromium Plating on Steel for Engineering 
Use (B 177 - 45 T), submitted by Committee 
B-8 

Tentative Revisions oe Standaeds 

Specifications for: 

Lampblack (D 209 - 41), submitted by Com- 
mittee D-1 

Bone Black (D 210 -41), submitted by Com- 
mittee D-1 

Pure Chrome Green (D 212 - 41), submitted by 
Committee D 1 

Prussian Blue (D 261 -41), submitted by Com- 
mittee D-1 


Ultramarine Blue (D 262 -41), submitted by: 

Committee D-1 

Chrome Oxide Green (D 263 - 41), submitted by 

Committee D-1 

Titanium Dioxide Pigments (D476- 41), sub- 
mitted by Committee D-1 
Carbon Black (D 561 - 41), ■ submitted by 

Committee D-i 

Method of: 

Chemical Analysis of White Pigments (D 34 ™ 
39), submitted by Committee D-1 
Test for Consistency of Exterior House Paints 
and Enamel-T3^e Faints (D 562 - 44), sub- 
mitted by Committee D-1 

WlTSnRAWAL OF StANDAEDS AND TeN1?ATIVES 

Method of: 

Compression Testing of Corrugated and Solid 
Fiber Boxes (D 642 - 43), submitted by Com- 
mittee D-10 

Drop Test for Shipping Containers (D 775 - 
44 T), submitted by Committee D-10 

Revision of Emeegency Alteenate 

EA - D 249c Tentative Specifications for Asphalt 
Roofing Surfaced with Coarse Mineral 
Granules (D 249 - 44 T), submitted by Com- 
mittee D-8 

Witedeawal of Emergency Standaed 

ES-31 Emergency Specifications for Electro- 
deposited Coatings of Lead on Steel 


Appendix B 

Recommendations Approved by- the Administrative Committee on Standards Juxy 1, 1945- 
March 16, 1946 (Excluding August 27, 1945) 


Tentatives 

Specifications for: 

Foundry Pig Iron (A 43 - 45 T), submitted by 
Committee A-3 on Cast Iron 

Seamless Chromium -Molybdenum Alloy-Steel 
Pipe for Service at High Temperatures 
(A 280 “46 T), submitted by Committee A-1 
on Steel 

Mild- to Medium-Strength Carbon-Steel Cast- 
ings for General Application (A 281- 45 T), 
submitted by Committee A-1 

High-Strength Steel Castings for Structural 
Purposes (A 282 - 45 T), submitted by Com- 
mittee A-1 

Gopper-Niekel-Zinc Alloy Wire (B 206 - 46 T), 
submitted, by , Committee B-5 

Nickel-Ghromium-Iron Alloy Castings ■(35-15 


Class) for High Temperature Service (B 207 - 
46 T), submitted by Committee B-4 
Portland-Biast Furnace Slag Cement (C 205 - 
46 T), submitted by Committee C-1 
GR-S Synthetic Rubber Sheath Compound for 
Electrical Insulated Cords and Cable (D866 
- 46 T), submitted by Committee D-ll 

Method of: ■ ' 

Test for Strength of Welded Lead Wires for 
Electronic Devices and Lamps (B 203 - 45 T), 
submitted by Committee B-4 
Test for Surface Flaws in Tungsten Seal Rod and 
Wire (B204-4ST), submitted by Com- ' 
mitteeB4 

Test for Diameter by Weighing of Fine Wire 
Used in Electronic Devices and Lamps- 
, (B 205 - 45 T), submitted by Committee B-4, 
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Cliemical Analysis of Portland Cement (C 114 
46 T), submitted by. Committee C-1 
Test for Fineness of. Portland Cement by the 
Air-PermeabiUty Apparatus (C204~46T), 
.submitted by. Committee C-l 
Test for Ac,id Number of Dark "Rosin (D46S- 
.,45 T), submitted by. Committee D-17 
■ Sampling , and Testing Pine Tars and Pine-Tar 
■ Oils ,(D:SS6-45T), submitted by D-17 
Test for Evaluating Treated Textiles for 
Permanence of Resistance to Microorganisms 
(D 862 - 45 T), submitted by Committee D-13 
Designating the Flow Temperature of Thermo- 
plastic Molding Materials (D 863 - 45 T) sub- 
mitted by Committee D-20 
Test for Coefficient of Cubical Thermal Expan- 
sion of Plastics (D 864 - 45 T), submitted by 
Committee D-20 

Heal Aging of Vulcanized Natural or Synthetic 
Rubber by Test Tube Method (D 865 - 46 T), 
submitted by Committee D-ll 
Test for Shipping Containers in Revolving 
Hexagonal Drum (I) 867- 46 T), submitted 
by Committee D-10 

Chemical Analysis of Copper (Electrolytic 
Determination of Copper) (E 53 - 46 T), sub- 
mitted by Committee E-3 
Chemical Analysis of Copper and Copper-Base 
Alloys (E 62 - 46 T), submitted by E-3 

Definition of: 

Terms Relating to Naval Stores and Related 
Products (D 804 - 45 T), submitted by Com- 
mittee D-17 

Recomfnefided Practice for: 

A Universal System of Yarn Numbering (D 861 - 

45 T), submitted by Committee D-13 

Revisions oe Tentatives 
Specifications for: . 

Carbon Steel Seamless Pipe for High-Tempera- 
ture Service (A 106 -45 T), submitted by 
. Committee A-1 

Alloy-Steel Bolting Materials for High-Tem- 
perature Service (A 193 - 45 T), submitted 
by Committee A-1 

Naval Brass Rods, Bars and Shapes (B21~ 

46 T), submitted by Committee B-5 
Seamless Copper Tubes (B 75 - 46 T), sub- 
mitted by Committee B-S 

Copper-Nickel-Zinc and Copper-Nickel Alloy 
Sheet and Strip (B 122 -46 T), submitted 
by Committee B-5 

Copper Rods, Bars, and Shapes (B 133 - 
46 T), submitted by Committee B-5 
Miscellaneous Brass Tubes (B 135- 46 T), sub- 
mitted*by Committee B-5 


Phosphor Bronze Rods, ' Bars, and Shapes ' 
(B 139 - 46 T), submitted by Committee B-5 
Aluminum Bronze Rods, Bars, and- Shapes 
(B 150 - 46 T),. submitted by Committee B-5 
Copper-Nickel-Zinc Alloy Rod, Bar, and Wire 
(B 151 - 45 T), submitted by Committee B-5 
Phosphor Bronze Wire (B 159 *- 46 T), submitted 
by Committee B-5 

Rope-Lay-Stranded Copper Conductors Having 
Bunch-Stranded Members,, for . ^ Electrical 
Conductors (B 172 - 45 T), submitted by 
Committee B-1 

Rope- Lay-Stranded Copper Conductors Having 
Concentric-Stranded Members, for Electrical 
Conductors (B 173-45T), submitted by 
Committee B-1 

Bunch-Stranded Copper Conductors for Electri- 
cal Conductors (Bi74~45T), submitted 
by Committee B-1 

Round Nickel Wire for Lamps and Electronic 
Devices (B175 -4ST), submitted by Com- 
mittee B-4 

Chromium-Nickel-Iron Alloy Castings (25-12 
Glass) for High -Temperature Service (B 190 “ 

45 T), submitted by Committee B-4 
Beryllium-Copper Alloy Strip (B 194 46 T), 

submitted by Committee B-5 
Beryllium-Copper Alloy Rod and Bar (B 196 - 

46 T), submitted by Committee B-5 
Beryllium-Copper Alloy Wire (B 197-46T), 

submitted by Committee B-5 
Vitrified Clay Filter Block for Trickling Filters 
(C 159 - 45 T), submitted by Committee C-15 
Spec, for Air-Entraining Portland Cement for 
Concrete Pavements (C17S-46T), sub- 
mitted by Committee C-l 
Molds for Test Specimens of Molding Materials 
Used for Electrical Insulation (D 647 -45 T), 
submitted by Committee D-20 but now under 
D-9 jurisdiction 

Phenolic Molding Compounds (D 700 - 45T), 
submitted jointly by Committees B-9 & D-20 
Insulated Wire and Cable: Heat-Resisting. Syn- 
thetic Rubber Compound (D 754 -46 T), 
submitted by Committee D-li 
Insulated Wire and Cable: Performance Syn- 
thetic Rubber Compound (D 755-46T), 
submitted by Committee D-li 
Cellular Rubber Products (D 798 - 46 T), sub- 
mitted by Committee D-li 
A.S.T.M. Thermometers,: (E1-45T), . sub-, 
mitted by Committee, E-1 : .' ' 

Methods of: 

End-Quench • Test for Hardenability, of . Steel 
■(A255 - 45.,T), submitted by Committee,, A-l 
Test for Temper of Strip and Sheet Metals 
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for Electronic Devices (Spring-Back Metkod) 
(B 155-45 T), submitted by Committee B4 
Testing Wire for Supports Used in Electronic 
Devices and ; Lamps (B 157 -45 T), sub- 
mitted by Committee B-4 
Test for Density of Fine Wire and Ribbon for 
Electromc Devices (B 180-45T), submitted 
by Committee B4 

Test for Resistivity of Copper and Copper-Alloy 
Electrical Conductors (B 193-45 T), sub- 
mitted by. Committee 'B-1 
Test for Air Content of Portland-Cement Mortar 
(C 185-46T), submitted by Committee C-1 
Test for Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids (D471- 
46 T), submitted by Committee D-11 
Testing Cellular Rubber Products (D552- 
46 T), submitted by Committee D-11 
Test for Fastness of Colored Textiles to Light 
(D 506 - 45 T), submitted by Committee D-13 
Test for Resistance of Textile Fabrics and Yarns 
to Insect Pests (D 582 - 45 T), submitted by 
Committee D-13 

Test for Deformation of Plastics Under Load 
(D 621 - 45 T), submitted by Committee D-20 
Test for Resistance of Textile Materials to 
Microorganisms (D 684 - 45 T), submitted by 
Committee D-13 

Testing and Tolerances for Rope (D 738 - 45 T), 
submitted by Committee D 13 
Testing and Tolerances for Spun, Twisted, or 
Braided Products Made from Flax, Hemp, 
Ramie, or Mixtures Thereof (D 739 - 45T), 
submitted by Committee D-13 
Testing Plywood, Veneer, and Other Wood and 
Wood-Base Materials, (D805~45T), sub- 
mitted by Committee D-7 

Definition: 

Terms Relating to Textile Materials (D 123 - 
45 T), submitted by Committee D-13 

Tentative Revisions oe Standards 
Specifications for: 

Carbon and Alloy-Steel Nuts for Bolts for High- 
Pressure and Piigh-Temperature Service 
(A 194 - 40), submitted by Committee A-1 


Copper Brazed Steel Tubing (A 254 - 44), sub- 
mitted by Committee A- 1 
Copper Rods for Locomotive Staybolts (B 12- 
45), submitted by Committee B-5 
Free-Cutting Brass Rod and Bar for Use in 
Screw Machines (B 16 - 45), submitted by 
Committee B-5 

Copper Water Tube (B 88 - 45), submitted by 
Committee B-S 

Copper-Silicon Alloy Rods, Bars, and Shapes 
(B98-45), submitted by Committee B-S 
Copper-Silicon Alloy Wire for General Purposes 
(B99^45), submitted by Committee B-5 
Copper and Copper- Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 -^45), sub- 
mitted by Committee B-5 
Brass Wire (B 134-45), submitted by Com- 
mittee B-5 • 

Manganese Bronze Rods, Bars, and Shapes 
(B 138 - 45), submitted by Committee B-5 
Leaded Red Brass (Hardware Bronze) Rods, 
Bars and Shapes (B 140 - 45), submitted by 
Committee B-5 % 

Insulated Wire and Cable: Heat-Resisting 
Rubber Compound (D 469 - 41) 

Methods of: 

Testing Wool Felt (D 461 -45), submitted by 
Committee D-13 

Testing and Tolerances for Single Jute Yarn 
(D 541 -41), submitted by Committee D-13 

Withdrawal of Standards 
Specifications for: 

Foundry Pig Iron (A 43 -24), submitted by 
Committee A-3 

Alloy-Steel Bolting Material for High-Tempera- 
ture Service (A 96-44), submitted by Com- 
mittee A-1 

Drawn or Rolled Alloy, 80 per cent Nickel, 20 
per cent Chromium, for Electrical Heating 
Elements (B82-41), submitted by Com- 
mittee B-4 

Drawn or Rolled Alloy, 60 per cent Nickel, 15 
per cent Chromium, and Balance Iron, for 
Electrical Heating Elements (B 83 -41), sub- 
mitted by Committee B-4. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON RESEARCH 


The Administrative , Committee on 
Research has been more or less inactive 
for the past two years during the period 
when most A.S.T.M, technical commit- 
tees were devoting their principal activi- 
ties to standardization work. The 
committee has interested itself, however, 
in the activities of the National Research 
Council and in such other projects as 
affect our work. A|nong the latter are 
included our cooperation, through Com- 
mittee D-20 on Plastics, with the research 
on plastics at Massachusetts Institute of 
Technology, underwritten by the Plastics 
Materials Manufacturers’ Association ; 
the proposals in Congress for a National 
Research Foundation; and support to the 
Engineering Foundation on the project 
of the Weldability of Carbon-Manganese 
Steel, 

Current Problems under Consideration: 

Suggested Increase of Principal of 
search Fund. — ^In view of our present 
solicitation of moneys for the imme- 
diately necessary A.S.T.M. Building 
Fund, the committee has postponed in- 
deffnitely the drive to increase research 
funds. The officers of our technical 
committees, however, are being reminded 
of their authority to raise funds for indi- 
vidual projects, subject to the Regula- 
tions Governing Technical Committees. 

Communication to Technical Commit- 
tees.— Administrative Committee is 
addressing a communication to the offi- 
cers of aff technical committees request- 
ing them to check the latest list of re- 
search projects (December, 1943) and 


advise of corrections and particularly of 
additions of new projects. The commit- 
tee officers will also be asked to furnish a 
brief statement of the scope of all new 
projects and brief reports on progress 
made in existing projects since December, 
1943. Finally, the committee officers 
will be requested to review the status of 
war research in the fields covered by 
their respective committees and to ad- 
vise whether there are any research 
projects growing out of the war that the 
committees would like to see established. 

Research Projects Renew. — ^A revision 
will be prepared of our December, 1943, 
‘‘Review of A.S.T.M. Research Projects 
on Properties of Materials and on Meth- 
ods of Testing.”^ The committee is con- 
sidering expanding this review, to in- 
clude appropriate reference to other 
lists of organized research problems in 
the materials field that may be avail- 
able, as for example in the National 
Research Council. 

Miscellaneous Projects under Discus* 
sion.—{l) Proposed study of Vapor 
Barriers under the sponsorship of Com- 
mittee C-16 on Thermal Insulating 
Materials; (2) proposed aid to Commit- 
tee D-3 on Gaseous Fuels in obtaining 
support from the American' Gas Assn, 
for certain research projects on gaseous 
fuels; (3) Joint Committee on Effect, of 
Temperature on the Properties of Metals 
of research on effect of temperature on 
various non-ferrous alloys, for which 
plans have been made but no work .car- 


i See ASTM December, 1943. 
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ried on in recent years; and (4) Testing 
of Parts and Assemblies, Due to our 
interest in this field of work we are pro- 
posing as a constructive move a joint 
meeting of our committee with the Ad- 
ministrative Committee on Simulated 
Service Testing. 

Important ProUems Relating to Society 

Policy: 

In order that this committee may have 
more time to discuss important problems, 
it is planned to discontinue short meet- 
ings at our general A.S.T.M. gatherings 
in favor of full-time, one or two-day, 
committee meetings at headquarters. 
The first of these will be held in October 
this year, since much of the data re- 


quired will be gathei ed from, the annual 
reports and from the replies to the above- 
mentioned communication to the tech- 
nical committee chairmen. We are also 
studying such questions as the proposed 
National Research Foundation, the 
building up of our A.S.T.M. research 
fund, etc., in order that the committee 
may be prepared to render such assist- 
ance as it can to the Executive 
Committee. 

Respectfully submitted on behalf of 
the committee, 

Robert J. Moore, 

Chairman: 

C. L. Warwick, 

Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON PAPERS AND 

PUBLICATIONS 


The publication activities of the So- 
ciety have continued particularly heavy 
during the past year. In addition to the 
regular publications, a number of special 
publications have appeared or have been 
in work. 

As a matter of record, the 1945 publi- 
cations distributed to members are listed 
below: 

1945 FroceedingSf 1060 pages, 6200 copies. 
It is to be noted that these Proceedings for the 
first time include papers that were not presented 
at tlie Annual Meeting but were offered for 
publication in the ASTM Bulletin and selected 
by the Papers Committee for inclusion in tlie 
Proceedings. Available in May, 1946. 

1945 Supplements to Book of A.S.T.M. 
Standards: 

Part I, 419 pages, 8900 copies. 

Part II, 245 pages, 7200 copies. 

Part III, 525 pages, 7100 copies. 

Index to 1945 Standards and Tentative 
Standards, 235 pages, 19,000 copies- 

Year Book, 474 pages, 4750 copies. 

ASTM Bulletin, six issues, 492 pages, 
average edition, 8000 copies. 

A statement of the volume of the prin- 
cipal publications for the past four years 
follows: 


Publications 

1942, 

pages 

1943, 

pages 

1944, 

pages 

1945, 

pages 

Proceedings. — . . . . . — .... 

1225 

1357 

1139 

1060 

Book of A.S.T.M. Standards..! 

4906 


1 6042 


Supplements to Book of A.S.. 





T.M. Standardis, 


1124 


1189 

A.S.T.M. Methods ^ of Chemi- 





cal Analysis of Metals 


331 

32 


Index to A.S.T.M. Standards 





and Tentative Standards. . . 

206 

218 

218 

235 

Year Book ... ....... ... . 

352 

374 

408 

474 

Spring Meeting Symposiums - , 


135 

140 



6689 

3539 

7979 

29SS 


Special compilations of standards pub- 
lished from June 1, 1945 to April 15, 
1946 are as follows: 

A.S.T.M. Standards on Concrete and Con- 
crete Aggregates (Committee C-9), 51 standards, 
150 pages, 1000 copies. 

A.S.T.M. Standards on Paint, Varnish, 
Lacquer, and Related Products (Committee 
D-1), 161 standards, 542 pages, 1500 copies. 

A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 101 standards, 
556 pages, 5800 copies. 

A.S.T.M. Standards on Electrical Insulating 
Materials (Committee D-9), 79 standards, 558 
pages, 1100 copies. 

A.S.T.M. Standards on Soaps and Other 
Detergents (Committee D-12), 29 standards, 192 
pages, 1100 copies. 

A.S.T.M. Standards on Plastics (Committee 
D-20), 109 standards, 554 pages, 4000 copies. 

Special publications also issued: 

Report of Committee A-S on Corrosion of 
Iron and Steel, 21 pages, 500 copies. 

Significance of Tests of Petroleum Products, 
82 pages, 1500 copies. 

Symposium on Analytical Colorimetry and 
Photometry, 76 pages, 2000 copies. 

Round Table Discussion on Organizing the 
Classification of Industrial Waters, 48 pages, 
1000 copies. 

Symposium on Stress-Corrosion Cracking of 
Metals, 503 pages, 3000 copies. This is a joint 
publication with the American Institute of Min- 
ing and Metallurgical Engineers. 

Symposium on Magnetic Particle Testing and 
Inspection, 128 pages, 1500 copies. 

Final Report on Behavior of Ferritic Steels 
at Low Temperatures, by H. W. Gillett and F. T. 
McGuire, 218 pages (published in two parts), 
1000 copies. This : represents .publication .of 
data compiled for the War Metallurgy Com- 
mittee, of the National Academy of Sciences and 
the National Research Council. . 
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Hardenability Chart, S3 ,CXK} copies. 

Viscosity Temperature Charts^ 22,500 copies. 

Current Activities 
Program for the Annual Meeting: 

Wliat is probably the heaviest program 
sponsored by the Society is contemplated 
for the 1946 Annual Meeting. This is 
due in part to the release of material that 
has been withheld during the war period, 
some of it by the Office of Scientific Re- 
search and Development, and to special 
solicitations that have been made by the 
Committee on Papers and Publications. 
It is also the reflection of some of the 
newer activities of the Society; for ex- 
ample the proposed Sessions on Fatigue, 
Parts and Assemblies, and Testing of 
Bearings are sponsored by the new Ad- 
ministrative Committee on Simulated 
Service Testing, An unusual number of 
symposia are being held. In addition to 
those mentioned above, the following 
are in prospect: 

Symposium on pH Measurement — under the 
auspices of Committee E-1 on Methods of 
Testing. 

Symposium on Spectroscopic Light Sources — 
under the auspices of Committee E-2 on Spectro- 
graphic Analysis. 

Symposium on Atmospheric Weathering of 
Corrosion-Resistant Steel^ — under the auspices 
of Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys. 

Symposium on Oil Procurement Practices — 
under the auspices of Committee D~2 on 
Petroleum Products and Lubricants. 

Symposium on Freezing-and-Thawing Tests 
on Concrete — under the auspices of Committee 
C-9 on Concrete and Concrete Aggregates. 

Special Sessions sponsored by the Joint 
Research Committee on Effect of Temperature 
on the Properties of Metals. 

This may result in the withholding, for 
want of appropriate technical sessions, 
of presentation of some of the individual 
offers of papers. These papers, however, 
will be accepted for publication even 
though not presented at the meeting. 


1946 Booh of Standards: 

The largest single publication in 
prospect during the year is the 1946 Book 
of A.S.T.M. Standards. The Book of 
Standards has now reached such a mag- 
nitude that some other provision will 
need to be made in order to keep down 
the size of the individual volumes. Gon- 
sideration was given to the use of thinner 
paper, but the present indications are 
that such thin paper will not be avail- 
able except the highest qualities at pro- 
hibitive cost. In lieu of this, considera- 
tion will need to be given to splitting the 
books into five volumes rather than the 
present three, but retaining the present 
Parts I, II, and III division, particularly 
since our present records with respect to 
the wishes of the individual members 
for the receipt of the Book of Standards 
are based upon the present Parts I, II, 
and III subdivision. The standards of 
Part I may thus be issued as Part la and 
Ib and those of Part III as Part Ilia and 
Illb. The committee is now engaged in 
a study as to how the division can best 
be effected. 

Compilations of Standards: 

The list of compilations continues to 
grow and several new ones are in prospect, 
namely, on Light Metals and Alloys, Com- 
mittee B-7 ; Glass, Committee C-14; and 
Water for Industrial Uses, Committee 
D-19. 

Special Publications: 

The number of special publications 
continues to increase. These frequently 
arise as a result of technical programs 
sponsored by the Districts of the Society. 
It is interesting, however, that a number 
of special publications become more or 
less permanent publications in that we 
are asked to publish supplements or re- 
visions of earlier printings. This is the 
case with the Bibliography and Ab- 
stracts on Electrical Contacts which has 
an annual supplement. The Index to the 
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REPORT OF ADMINISTRATIVE COMMITTEE ON PAPERS AND 

PUBLICATIONS 


The publication activities of the So- 
ciety have continued particularly heavy 
during the past year. In addition to the 
regular publications, a number of special 
publications have appeared or have been 
in work. 

As a matter of record, the 1945 publi- 
cations distributed to members are listed 
below: 

1945 Proceedings^ 1060 pages, 6200 copies. 
It is to be noted that these Proceedings for the 
first time include papers that were not presented 
at the Annual Meeting but were offered for 
publication in the ASTM Bulletin and selected 
by the Papers Committee for inclusion in the 
Proceedings » Available in May, 1946. 

1945 Supplements to Book of A.S.T.M. 
Standards: 

Part I, 419 pages, 8900 copies. 

Part II, 245 pages, 7200 copies. 

Part III, 525 pages, 7100 copies. 

Index to 1945 Standards and Tentative 
Standards, 235 pages, 19,000 copies. 

Year Book, 474 pages, 4750 copies. 

ASTM Bulletin, six issues, 492 pages, 
average edition, 8000 copies. 

A statement of the volume of the prin- 
cipal publications for the past four years 
follows: 


Publications 

1942 , 

page.s 

1943 , 

pages 

1944 , 

pages 

1945 , 

pages 

Proceedings...... 

1225 

1357 

1139 

1060 

Bookof A.S.T.M. Standards.. 

4906 

.... 

6042 


Supplements to Book of A.S.. 





T.M. Standards. 


1124 


1189 

A.S.T.M. Methods of Chcmi- 





: ;. cal Analysis of Metals 


331 

32 


Index to A.S.T.M. Standards 





and Tentative Standards. . . 

206 

218 

218 

235 

Year Book 

352 

374 

408 

474 

Spring Meeting Symposiums . . 


135 

140 



6689 

3539 

7979 

2958 


Special compilations of standards pub- 
lished from June 1, 1945 to April 15, 
1946 are as follows: 

A.S.T.M. Standards on Concrete and Con- 
crete Aggregates (Committee C-9), 51 standards, 
150 pages, 1000 copies. 

A.S.T.M. Standards on Paint, Varnish, 
Lacquer, and Related Products (Committee 
D-1), 161 standards, 542 pages, 1500 copies. 

A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 101 standards, 
556 pages, 5800 copies. 

A.S.T.M. Standards on Electncal Insulating 
Materials (Committee D-9), 79 standards, 558 
pages, 1100 copies. 

A.S.T.M. Standards on Soaps and Other 
Detergents (Committee D-12), 29 standards, 192 
pages, 1 100 copies. 

A.S.T.M. Standards on Plastics (Committee 
D-20), 109 standards, 554 pages, 4000 copies. 

Special publications also issued: 

Report of Committee A-S on Corrosion of 
Iron and Steel, 21 pages, 500 copies. 

Significance of Tests of Petroleum Products, 
82 pages, 1500 copies. 

Symposium on Analytical Colorimetry and 
Photometry, 76 pages, 2000 copies. 

Round Table Discussion on Organizing the. 
Classification of Industrial Waters, 48 pages, 
1000 copies. 

S3miposium on Stress-Corrosion Cracking of 
Metals, 503 pages, 3000 copies. This is a joint 
publication with the American Institute of Min- 
ing and Metallurgical Engineers. 

Symposium on Magnetic Particle Testing and 
Inspection, 128 pages, 1500 copies. 

Final Report on Behavior of Ferritic Steels 
at Low Temperatures, by H. W. Gillett and F. T. 
McGuire, 218 pages (published , in two parts), 
1000 copies. This represents publication, of 
data compiled for the. War Metallurgy Com- 
mittee of the National Academy of Sciences, and. 
the National Research Councp, 
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Hardenability Chart, 53,000 copies. 

Viscosity Temperature Charts, 22,500 copies. 

Current Activities 
Program for the Annual Meeting: 

What is probably the heaviest program 
sponsored by the Society is contemplated 
for the 1946 Annual Meeting. This is 
due in part to the release of material that 
has been withheld during the war period, 
some of it by the Office of Scientific Re- 
search and Development, and to special 
solicitations that have been made by the 
Committee on Papers and Publications. 
It is also the reflection of some of the 
newer activities of the Society; for ex- 
ample the proposed Sessions on Fatigue, 
Parts and Assemblies, and Testing of 
Bearings are sponsored by the new Ad- 
ministrative Committee on Simulated 
Service Testing. An unusual number of 
symposia are being held. In addition to 
those mentioned above, the following 
are in prospect: 

Symposium on pH Measurement — under the 
auspices of Committee E4 on Methods of 
Testing. 

Symposium on Spectroscopic Light Sources — 
under the auspices of Committee E-2 on Spectro- 
graphic Analysis. 

Symposium on Atmospheric Weathering of 
Corrosion-Resistant Steel-— under the auspices 
of Committee A- 10 on Iron-Chromium, Iron- 
Ghromium-Nickel and Related Alloys. 

„ Symposium on Oil Procurement Practices — 
under the auspices of Committee D-2 on 
Petroleum Products and Lubricants. 

Symposium on Freezing-and-Thawing Tests 
on Concrete— under the auspices of Committee 
C-9 on Concrete and Concrete Aggregates. 

Special Sessions sponsored by the Joint 
Research Committee on Effect of Temperature 
, on the Properties of Metals. 

This may result in the withholding, for 
want of appropriate technical .sessions, 
of presentation of so.me of the individual 
offers of papers. These papers, however, 
will be accepted for publication even 
though not presented at the meeting. 


1946 Book of Standards: 

The largest single publication in 
prospect during the year is the 1946 Book 
of A.S.T.M. Standards. The Book of 
Standards has now reached such a mag- 
nitude that some other provision will 
need to be made in order to keep down 
the size of the individual volumes. Con- 
sideration was given to the use of thinner 
paper, but the present indications are 
that such thin paper will not be avail- 
able except the highest qualities at pro- 
hibitive cost. In lieu of this, considera- 
tion will need to be given to splitting the 
books into five volumes rather than the 
present three, but retaining the present 
Parts I, II, and III division, particularly 
since our present records with respect to 
the wishes of the individual members 
for the receipt of the Book of Standards 
are based upon the present Parts I, II, 
and III subdivision. The standards of 
Part I may thus be issued as Part la and 
Ib and those of Part III as Part Ilia and 
Illb. The committee is now engaged in 
a study as to how the division can best 
be effected. 

Compilations of Standards: 

The list of compilations continues to 
grow and several new ones are in prospect, 
namely, on Light Metals and Alloys, Com- 
mittee B-7; Glass, Committee C-14; and 
Water for Industrial Uses, Committee 
D-19. 

Special Publications: 

The number of special publications 
continues to increase. These frequently 
arise as a result of technical programs 
sponsored by the Districts of the Society. 
It is interesting, however, that a number 
of special publications become more or 
less permanent publications in that we 
are asked to publish supplements or re- 
visions of earlier printings. This is the 
case with the Bibliography and Ab- 
stracts on Electrical Contacts which has 
an annual supplement. The Index to the 
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Literature on Spectrocliemical Analysis 
has supplements which are printed 
periodically ; an extensive supplement 
is to appear this year which will have an 
innovation of including brief abstracts. 
The X-Ray Diffraction Data Cards are 
added to annually. Special mention 
might be made of the Manual on Pres- 
entation of Data which was in consider- 
able demand during the war years as the 
basic work in connection with quality 
control. The Significance of Tests of 
Petroleum Products is now in its fourth 
printing. 

Special publications that are expected 
in due time are: 

Symposium on Adhesives — sponsored by 
Committee D-14 on Adhesives at a meeting held 
in Atlantic City in October, 1945. 

Symposium on Ultra High Voltage and High- 
Speed Radiography — sponsored by Committee 
E-7 on Radiography and held in conjunction with 
the Fifth Annual Convention of The American 
Industrial Radium and X-Ray Society, Inc., in 
Cleveland, February, 1946. 

Symposium on Effects of Low Temperatures 
on Materials— sponsored by the Philadelphia 
District Committee at a meeting held in Phila- 
delphia, March, 1946. 

Symposium on Atmospheric Exposure Tests 
on Non-Ferrous Metals— sponsored by Com- 
mittee B-3 on Corrosion of Non-Ferrous Metals 
and Alloys and held during the Spring Meeting, 
February, 1946. 

Discussion on Statistical Quality Control in 
Its Application to Specification Requirements — 
held during the Spring Meeting, February, 1946. 
The two papers appear in the March issue of the 
ASTM Bulletin, and will also be published 
separately with discussion. 

Some of the symposia at the annual 
meeting may result in special compila- 
tions, for example, the papers on Effect 
of Temperature on the Properties of 
Metals and on the Testing of Bearings. 
Published in this way, these papersmay 
not appear in the Proceedings. 

Punching Separate Standards 

for Loose Unit Binder s: 

In accordance with the recommenda- 


tions of the Executive Committee ail of 
the standards that have been printed for 
the past year have been punched to fit 
any standard three-ring binder. At the 
present time most of the standards have 
been punched. There has also been 
made available a three-post expansion 
type binder for sale to the membership, 
which comes in both 1- and 1| -in. size. 
Both binders are bound in imitation 
leather and stamped in gold ^^Selected 
A.S.T.M. Standards.’’ 

Future Activities 

Plans are now under way for the 1947 
Spring Meeting of the Society for which a 
technical program on paints is contem- 
plated sponsored by Committee I)-l on 
Paint, Varnish, Lactjuer, and Related 
Products. Aside from this, it is expected 
that a number of papers will be sub- 
mitted for publication during the year; 
some of these include reports as they are 
released covering activities during the 
war period. F or example, several papers 
are expected dealing with plastic de- 
formation of metals. This is a reflection 
of the newer policies with respect to 
publication, namely, that papers may be 
published throughout the year and not 
necessarily held for an annual meeting of 
the Society. 

In connection with this general growth 
■of our publications, mention should, be 
m.ade' of the increasing use of the ASTM 
Bulletin. Many papers, presen ted at 
committee meetings are submitted for 
Bulletin publication, and the Bulletin. 
is also used to some extent as a medium 
for preprinting papers prior to their in- 
clusion in the Proceedings, 

Respectfully submitted \on behalf, of 
the committee, 

■ 'CvL.:,Warwick, 
Chairman, 
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REPORT OF ADMINISTRATIVE COMMITTEE ON ULTIMATE 
CONSUMER GOODS 


The steps leading to the formation of 
the Administrative Committee on Ulti- 
mate Consumer Goods will first be re- 
viewed so that members of the Society 
may realize the very thorough and full 
deliberations which preceded the official 
organization of the committee. 

Brief Resume of the Formation of the 

Committee: 

In December, 1943, the Executive 
Committee appointed a Study Com- 
mittee of twelve members whose duty it 
was to determine whether the Society, 
through its prevailing organization and 
functioning, was geared to meet war and 
post-war conditions, and to recommend 
such changes as would put the Society 
in a position to render the best possible 
service to its members, industry, and 
the nation at large. 

This committee gave early considera- 
tion to one matter of long standing and of 
recurring nature, namely, as to how far 
the Society should go in the formulation 
of standards for ultimate consumer 
goods. In recognition of the import of 
the increasing activity in this field out- 
side of the Society and of the work al- 
ready begun by some of the standing 
committees within the Society, the Study 
Committee recommended the appoint- 
ment of a special committee to make a 
thorough study of the manner and extent 
of Society participation in the develop- 
ment of definitions, test methods, and 
specifications for ultimate consumer 
goods. The recommendation pointed 
out that duplication of the activities of 


existing competent organizations was 
undesirable, and that certain specific 
exclusions such as foods, drugs, and 
cosmetics were advisable. 

The Executive Committee approved 
of this recommendation in October, 1944, 
and a Special Committee on Ultimate 
Consumer Goods, composed of nine 
members under the chairmanship of A. 
W. Carpenter, was appointed The 
Special Committee devoted two full 
days to a complete examination and dis- 
cussion of all phases of its assigned 
problem, and submitted to the Executive 
Committee in January, 1945, a 7-page 
report summarizing its deliberations and 
containing nine definite recommenda- 
tions. The essence of two of these recom- 
mendations was (1) that the Society 
should continue and conservatively ex- 
tend its activities in the development of 
standards for ultimate consumer goods, 
with certain limitations, and (2) that an 
Administrative Committee on Ultimate 
Consumer Goods should be established 
with such authority and responsibility 
as the Executive Committee might dele- 
gate to plan and direct work by the 
committees of the Society in the field of 
ultimate consumer goods. 

The Executive Committee discussed 
the report and eaqh recommendation 
thoroughly, suggesting several minor 
modifications. It then proceeded to ac- 
cept the report; in the same vote, it 
authorized the establishment of the 
Administrative Committee on Ultimate 
Consumer Goods and empowered the 
91 '. '■■■ 
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President to appoint the chairman and 
members.^ 

The following scope was assigned to 
the committee: 

The committee has for its functions the 
supervision of the Society’s activities in 
the development of standards for ulti- 
mate consumer goods that permit of defi- 
nitions, test data, or test limitations that 
can be measured by engineering methods, 
but not including assemblies except where 
evaluation of materials or workmanship 
is concerned. 

Meetings: 

Two day-long meetings of the Ad- 
ministrative Committee on Ultimate 
Consumer Goods have been held with 
complete attendance in each case. The 
first meeting was in Philadelphia on 
April 11, 1945; the second in New York 
City on September 12, 1945. 

Definition of Ultimate Consumer Goods: 

All deliberations of the Administrative 
Committee are predicated on the follow- 
ing definition of ultimate consumer goods 
prepared by the Special Committee re- 
ferred to above: 

VUimate Consumer Goods are materials or 
products which in the *‘as is’* condition are 
intended for sale to an individual purchaser for 
his personal property or use, and not for fabrica- 
tion for resale. Such an individual is the Ulti- 
mate Consumer. 

General Policy re Development of Stand- 
ards for Ultimate Consumer Goods: 

The Administrative Committee has 
decided that the Society, in its work in 
the field of ultimate consumer goods, 
can best serve industry and the consumer 
by giving primary emphasis to the de- 
velopment of methods of test for use 
values of ultimate consumer goods. 
The development of specifications for 

For a fuller statement, including announcement of 
the membership of this committee, see Annual Report of 
the Executive Committee, J*foceedings, Am. Soc. Testing 
Mats., Vol.45, p. 21 (1945). See also ASTM Bulletin, 
March, 1945, p. 5. 


such goods wiE be undertaken only when 
it appears that adequate methods of 
evaluation are available and that there is 
a demonstrated need for such specifica- 
tions. 

Stiggesied Form of Standards for Ulti- 
mate Consumer Goods: 

The Administrative Committee has 
given considerable time and study to the 
form and content which standards 
pertaining to ultimate consumer goods 
should have. It has prepared a Method 
of Test Form and a Specification Form 
in which are embodied the recommenda- 
tions on this subject made by the Special 
Committee, together with some ideas of 
its own. Attention is directed to some 
of the features wherein these suggested 
Forms differ from the usual A.S.T.M. 
standard: 

Title. — Specific and naming end-use if 
possible; includes phrase ^^applicable to 
ultimate consumer goods”; serial desig- 
nation preceded by CG. 

Special Clauses in Preamble.^ — The 
first, disclaiming responsibility of A.S. 
T,M. for use of standard in labeling, certi- 
fication, and advertising; the second, 
warning the user of the standard that the 
data upon which it is based may not 
adequately cover all use-values. 

Scope.--Empha.sis upon the clear, 
precise, and definite statement of the 
applicability and limitations of the 
method of test or specification; end-uses 
explicitly stated. 

Definitions or Descriptions of Terms.— 
Recommends use of simple consumer 
terminology; use of English units of 
measurement in place of metric. 

Ultimate Consumer A cceptance— What 
constitutes acceptance, and recourse 'of 
consumer in event of unsatisfied claims. 

In order to. clarify still further the con- 
ception of what,. a standard for ultimate 
consumer , goods should. loo.k, .like, the 
committee has ,, selected two existing 
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A.S.T*M. standards, which are being re- 
vamped into the form and content they 
might have if designed for ultimate con- 
sumer use. When these are ready, it is 
planned to send copies to the chairmen 
of the committees concerned for their 
information and comments. 

Communication to Chairmen of Standing 

Committees: 

A communication has recently been 
sent to the chairmen of standing com- 
mittees directing their thought to the 
possibility of activity in the ultimate 
consumer goods field, informing them 
of the functions of the Administrative 
Committee, of the general policy adopted 
by it, and requesting their comments 
upon the suggested forms. It is too 
early to report results at this time. 

Research Program on Methods of De- 
termining Consumer Wants: 

It would seem pertinent to record in 
this report the status of the research 
program because of the direct applica- 
tion it will have to the work of the Ad- 
ministrative Committee. It will be 
recalled that the Executive Committee 
accepted a recommendation of the Spec- 
ial Committee that “the Executive 
Committee shall consider the establish- 
ment of a research project within A.S. 
T.M. for the development of techniques 
for obtaining knowledge of consumer 
wants and for accumulating data on 
which to base specifications and methods 
of test for ultimate consumer goods. 
It is contemplated that this project 
should utilize social, statistical, psy- 
chological, engineering, and economic 
approaches.^’ Since that time the Na- 
tional Research Council and the Social 
Science Research Council have formed 
a joint committee to work on methodo- 
logical problems in the measurement of 
consumer wants, public opinion, and 


social attitudes. C. L. Warwick is 
the A.S.T.M. representative. 

Despite the organization of the joint 
NRC-SSRC committee, the Adminis- 
trative Committee has formally voted in 
favor of setting up a research committee 
within the A.S.T.M. in the belief that 
it would cover many problems in the 
consumer field outside the scope of the 
joint committee. The Administrative 
Committee has no recommendation to 
make at this time, however. When the 
program of the joint committee is avail- 
able, the Administrative Committee 
will be able to recommend a program 
which will avoid duplication of effort. 

Stafzding Committee Organization and 

Procedure in Developing Standards 

for Consumer Goods: 

The question of how work on standards 
for ultimate consumer goods might be 
handled within a standing committee 
poses a problem which has been given 
considerable attention by the Adminis- 
trative Committee. The question arises 
because of the desirability of having 
a reasonable balance of interests be- 
tween producers and ultimate con- 
sumers when work on consumer goods 
standards is undertaken. Those now 
classified as consumers on standing 
committees are very generally repre- 
sentative of the industrial consumers, 
and may or may not be qualified to 
serve as representatives of the ultimate 
consumer. In any event, the Adminis- 
trative Committee has agreed that A.S. 
T.M. standards on consumer goods will 
not carry proper weight if in their 
establishment there has not been com- 
petent representation from such groups 
as the national women’s clubs, American 
Home Economics Assn., departments of 
home economics in the colleges and gov- 
ernment bureaus, consumer cooperatives, 
labor organizations, retail, maE order 
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and department stores^, magazine pub- 
lishers, etc.' . 

Must such groups take out member- 
ship in the A.S.T.M. in order to par- 
ticipate in the work? Since most stand- 
ing committees as at present constituted 
have only a small ultimate consumer 
representation, if any, should a sectional 
committee, with suitable balance of 
interests, be set up within or without the 
framework of the standing committee 
to develop the standards? Must ap- 
proval of the standards for submittal to 
the Society be by vote of the entire 
standing committee or will approval by 
the sectional committee alone be recog- 
nized? What changes in the Regula- 
tions Governing Technical Committees 
may be needed to accomplish this or 
equivalent procedure? The Administra- 
tive Committee has not evolved a 
definite plan at present, but presents this 
material as one of the current problems 
under consideration. 

Other Plans : 

The Administrative Committee is 


planning to approach a group of organ- 
izations which have been associated with 
consumer research to learn what de- 
mands there are for standardization 
work in the field of ultimate consumer 
goods. It also expects to inquire of 
the officers of technical committees on 
what items of consumer interest they 
are working or on which work should be 
undertaken. Information from these 
two sources is expected to be helpful 
in giving direction to the committee's 
future activities. 

The committee is considering the pos- 
sibility of preparing for the guidance of 
technical committee chairmen a sug- 
gested procedure in the development of 
test methods for ultimate consumer 
goods. 

Respectfully submitted on behalf of 
the committee, 

Heebeet J. Ball, 
Chairman. 

R. E. Hess, 

Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON SIMULATED 
SERVICE TESTING 


Following preliminary discussions and 
meetings held late in 1945 and early in 
1946, the Executive Committee of the 
Society authorized the formation of the 
Administrative Committee on Simulated 
Service Testing,^ with the following 
assigned scope: 

This committee has for its functions the super- 
vision of the development and standardization 
of methods of test of simple or composite ma- 
terials in actual or simulated service conditions 
and environment, in so far as performance has a 
bearing on the properties of the material. It is 
understood that this may involve the testing of 
processed parts under such conditions. 

The committee held its initial meeting 
on April 18, 1945, and proceeded to 
define the scope and activities of the 
committee, establish its organization, 
personnel, etc. The agenda of this 
meeting called for a careful survey of all 
pertinent suggestions for committee ac- 
tion, and it was decided to consider the 
activities of the Society in fatigue testing 
as the prime item for action. 

The committee has thus far accom- 
plished the following : 

1. It has recommended the reorgani- 
zation of fatigue testing activities in the 
Society by establishing a new Committee 
E-9 on Fatigue, suggesting the organiza- 
tion, personnel, scope, etc. The scope 
has been assigned as follows: 

To formulate methods for the determination 
of fatigue characteristics' of simple and com- 
posite , materials, components, and processed 
parts; to promote research in these fields; and 

iSee Annual Report of Executive Committee Pro- 
ceedingSg Am. Soc. Testing Mats., Vol. 45, p. 21 (1945), 


to coordinate such Society activities conducted 
by other technical committees. : 

The present Research Committee on 
Fatigue of Metals will be discontinued 
as such and its activities transferred to 
the new committee as a subcommittee 
on research. 

These arrangements have been ap- 
proved by the Executive Committee 
and the new committee will be organized 
during the 1946 Annual Meeting. 

2. It has recommended the formation 
of a new Committee E-6 on Methods of 
Testing Building Constructions, in- 
cluding suggested scope, organization, 
initial personnel, etc. The scope of 
the committee is: 

To formulate methods of test for building 
constructions, including elements, connections 
and assemblies, under actual or simulated 
service conditions, applicable to the evaluation 
of such factors as materials, design, construction 
and fabrication. 

This committee held its organization 
meeting in Washington, D.C,, on Janu- 
ary 23, 1946.^ 

3. It has initiated and, with the aid 
of the Administrative Committee on 
Papers and Publications, has developed 
Symposiums on Fatigue and on the Test- 
ing of Parts and Assemblies (the latter 
jointly with the Society for Experimental 
Stress Analysis) that will be a part of the 
1946 Annual Meeting. The committee 
has also arranged for a series of papers 
on the Testing of Bearings, concerning 

* For news account of this meeting, see March, 1946 
ASTM Bulletin, p. 49. 
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wWdi there have been a number of im- 
portant developments in recent years. 
These papers constitute a further con- 
tribution to the discussion of methods 
of test of an important type of assembly. 

Excellent progress has been made in 
the development of the programs for all 
three of these topics, which should serve 
effectively to place the desired emphasis 
upon this subject in A.S.T.M. 

4. It has taken initial steps in the 
proper allocation within the Society of 
work on “sandwich-type” materials and 
will participate in a conference on this 
subject on June 7. 

Problems of a current nature now be- 
fore the committee include the following: 

1. Continuation of (4) above. 

2. Consideration of already suggested 
testing in the fields of (a) aircraft equip- 


ment, (6) automotive equipment, and 
(c) ordnance equipment. 

During the process of organization of 
the committee, suggestions were re- 
quested for activities in this held which 
resulted in a rather lengthy list of meri- 
torious suggestions. The above items, 
of current activity are among the most, 
important of those suggested, and the 
future work of the Administrative Com- 
mittee will involve the pursuit of all of 
the current activities and suggestions 
now on hand (unless superseded by ones 
more important) as rapidly as possible. 

■ Respectfully submitted on behalf of 
the committee, 

L. L. Wyman, 
Chairman. 

C. S. Cole, 

Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON 
DISTRICT ACTIVITIES 


The following constitutes a report to 
the Executive Committee respecting 
status of the work now before the Ad- 
ministrative Committee on District Ac- 
tivities. 

Upon the presentation of its first report 
on October 10, 1945, the Executive 
Committee approved the recommenda- 
tion that the simple designation ^^Dis- 
trict’’ be used to refer to those groups of 
members residing within certain rather 
loosely defined geographic areas. In that 
report it was indicated that the present 
Charter for A,S.T,M. Districts and the 
proposed District Manual would be 
rewritten and submitted for approval. 

Following the adoption of the designa- 
tion District, both the Charter and the 
Manual were rewritten and after thor- 
ough study by the committee, are sub- 
mitted at this time for your approval.^ 
In recommending adoption by the Execu- 
tive Committee, the Administrative 
Committee recognizes the importance 
that each of these instruments have the 
approval of the several Districts through 
their governing bodies. The Charter 
and the Manual are being distributed to 
the District officers with the recom- 
mendation that both be reviewed and 
discussed at a meeting of the District 
officers to be held during the 1946 Annual 
Meeting. The Administrative Commit- 
tee recommends that the Charter become 
effective as of January 1, 1947. 

The Administrative Committee ap- 
proved the organization of a new District 
in the New England states and recom- 
mends that the organization of this 

1 The Charter and Manual are not included with this 
printing. They have been referred to the Administrative 
Coimnittee for consideration of some proposed modifica- 
tions.— E®. .. 


District be consummated on the present 
basis as soon as possible. The exact 
name of the District should be a decision 
of its governing body. 

Concerning the affiliation of A.S.T,M. 
Districts with local councils of technical 
or engineering societies, the Administra- 
tive Committee believes that such affilia- 
tions should be decided upon the merits 
of each individual case, and that the 
committee should be consulted and asked 
to review any proposal for affiliation 
which should originate in the respective 
Districts. 

A study is under way in the committee 
that concerns the more exact definition 
of the areas comprising each District. 
An objective in that study is a plan that 
will fit into the ultimate growth of the 
Society and associate, ultimately, all 
members with some District, 

At present there are ten organized 
Districts; a new one in the New England 
States is approved, and Districts that 
may be designated as the Washington 
District and the Cincinnati District 
are under consideration. 

In order to stimulate interest in the 
District idea, the committee has pro- 
posed a meeting of all District officers on 
June 26, 1946. 

The Administrative Committee re- 
iterates its belief in the development of 
Districts as a stimulus to Society growth 
and value to industry generally. 

Respectfully submitted on behalf of 
the committee, 

C.H. Fellows, 
Chairman. 

R. J, Painter, 

Secretary 

97 



REPORT OF COMMITTEE A4* 


ON 

STEEL 


In tlie transition from wartime to 
peacetime operations there have been 
some serious and perplexing problems 
confronting the steel industry and also 
those who use the many diverse steels 
and steel products. Time has frequently 
been the essence in reaching satisfactory 
conclusions. 

An almost exactly analogous situation 
has faced Committee A“1 on Steel. The 
scheduling and producing of rolling, 
forging, and casting operations fre- 
quently involves many weeks and 
months, and consequently even if Com- 
mittee A-1 could have acted over-night 
in removing the large number of 
emergency alternate provisions and 
emergency specifications which were 
issued as wartime measures, no ad- 
vantage would have accrued. In fact, 
there would have been much confusion. 
Now, however, as this report shows, the 
large number of widely used specifica- 
tions are for the most part back on a 
peacetime footing, with many of the 
wartime requirements that have proved 
to be worth while and constructive re- 
tained as part of the regular specifica- 
tions. 

Although there had not 
been any meetings of the main Com- 
mittee A-1 on Steel from June, 1944, 
when a series of meetings was held in 
New York, N. Y., June 26 to 28, 1944, 
until the Pittsburgh meetings, February 
25 to 27, 1946, there have been in the 

* Presented at the Forty-ninth AnrimI Meeting of the 
Society, June 24-28, 1946. 


interim many subcommittee meetings 
and a series of these was held in Phila- 
delphia, Pa., November 5 and 6, 1945. 
These subcommittee meetings enabled 
Committee A-1 to take action on numer- 
ous recommendations since under the 
A.S.T.M. Regulations governing Stand- 
ing Committees upon completion of 
subcommittee letter ballots these 
recommendations were subsequently 
referred to the main committee without 
the necessity of a meeting. Many such 
actions have been cleared through the 
Administrative Committee on Stand- 
ards as noted later in this report. Mean- 
while this situation which has prevented 
action on changes in formal standards 
has had the salutary effect of concen- 
trating production with standards as 
they existed during the war period but 
modified by the emergency provisions. 
There will be a series of committee 
meetings, both subcommittee and main, 
during the 1946 Annual Meeting in 
Buffalo in June, 

Personnel — Since the 1944 Annual 
Meeting when the committee's last 
reporP was submitted, there have been 
many changes in personnel. The num- 
ber of voting members as of June, 1944 
was 242, compared with the present 
figure, 258. Including additional repre- 
sentatives of companies and other or- 
ganizations, there are now about 375 
individuals participating in the commit- 
tee’s work. Of the total voting mem- 

» Proceedings^ Am. Soc. Testing Mats., VoL 44, p. 63 
(1944). , 
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berSj 138 are classified as ' nonproducers 
and 120 as producers ; of ' the former, 99 
are consumers and 39 are general interest 
members. 

Memhers Retiring —'Dmixig the war 
period a number of the long-time mem- 
bers of Committee A-1, who in the course 
of events as they advanced in years 
would doubtless have retired from their 
industrial work, have continued with 
their responsibilities, contributing much 
to the war effort and releasing other 
men for various responsibilities. By the 
time of the 1946 Annual Meeting, a 
number of men in this and related cate- 
gories will have retired and Committee 
A-l wishes to acknowledge its apprecia- 
tion of their long-time activities in its 
behalf. A list of such men and the 
year they became members of Committee 
A-1 includes the following: 

0. U. Cook, Tennessee Coal, Iron and Rail- 
road Co., since 1921, 

R. H, Dibble, Carnegie-Illinois Steel Corp., 
since 1926, 

Chester Hacking, Wm. H. Haskell Manufac- 
turing Co., since 1930, 

Glen F. Jenks, Consulting Engineer, since 
1934, 

L. S. Marsh, Inland Steel Co., since 1922, 

W. R. SMmer, Bethlehem Steel Co., Inc., 
since 1922 (deceased, Summer, 1946), 

J. J. Shuman, Jones & Laughlin Steel Corp., 
since 1911, and 

Victor Willoughby, Arnerican Car and Foun- 
dry Co., since 1924. 

Losses by Death , — ^During the past two 
years Committee A-1 has lost by death a 
number of members who have partici- 
pated actively in its work, including 
M. C. Blest, Pressed Steel Car Co., a 
member of the committee since 1923, 
H. N. Boetcher, representative of the 
Consolidated Gas, Electric Light and 
Power Co. of Baltimore, who had been 
active particularly in the work on 
power piping for many years, and 
Howard J. Kerr, Babcock & Wilcox Co., 
an authority on materials for boilers 
and pressure' vessels and a keen observer 


of ■ the advantages and weaknesses ■ of^ 
various steels at elevated temperatures. 
Committee A-1 acknowledges its debt 
to these men and records its apprecia- 
tion, of their long-time and valuable 
services. 

Honorary Membership . — ^While over 
the years Committee A-1 has tendered 
homage to many of its leading members 
and has, by election to official positions 
in the committee and subcommittees, 
acknowledged the great services of some 
of the men, there has been no provision 
in its regulations by which some of the 
signal activities of the various individuals 
could be recognized. Probably the most 
cherished honor that can come to an 
individual on Committee A-1 is the 
friendship and respect of other members 
for his activities and judgment. Never- 
theless, the committee has instituted a 
new class of membership known as 
^‘Honorary and a number of members 
who have rendered distinguished service 
to the committee have been selected for 
this distinction. Each of these men, an 
outstanding leader in his field, had for 
many years rendered notable service to 
the committee. Some of the men are 
still active in A-1, others have recently 
retired, and some have been in retirement 
for a number of years. The following 
list includes the name of the organization 
with which the individual was affiliated 
during the major years of work with the 
committee: 

Allan W. Carpenter, New York Central 
System 

O, U. Cook, Tennessee Coal, Iron and 
Railroad Co. 

L. H. Fry, Edgewater Steel Co., now Direc- 
tor, The Steam Locomotive Researcli 
Institute 

W, C. Hamilton, American Steel Foundries 

J. O. Leech, Carnegie-Illinois Steel Corp. 

L. S. Marsh, Inland Steel Go. 

C. F. W. Rys,*** Carnegie-Illinois Steel Corp. 

J. J. Shuman, Jones & Laughlin Steel Corp. 


♦ Deceased, Octohet, 1946. 
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F. N. Speller^ National Tube Co» 

F» M. Waringj Pennsylvania Railroad Co* 

C. D. Youngs Pennsylvania Railroad Co, 

Emergency Specifications anb 
' ^ Emergency Alternate Provisions 

Appropriate articles and references 
have appeared in the Society publica- 
tions including the ASTM Bulletin 
with respect to the activities of Com- 
mittee A-1 in the National Emergency 
Steel Specifications project, a War Pro- 
duction Board sponsored activity, and 
to the issuance as a result of this work 
of 'many emergency alternate provisions' 
and the issuance of complete emergency 
specifications. A large portion, of the 
.personnel of the Technical Advisory 
Committees by means of which ■ the 
NESS'' „ project functioned were A-1 
members, and , with one or two excep- 
tions the TAC chairmen were active in 
Committee A-1 work; 

.Although the intensive work of , tlie 
various men has. been suitably acknowl- 
edged by the War Production Board, 
Committee A-1 wishes to record its. 
appreciation for... the great amount of 
time and effort expended by its members 
in , 'solving the diverse problems that 
arose. Each can take pride in whatever 
his contributions may have been because 
unquestionably the emergency activities 
were of very great importance both in 
expediting the production of so many 
steel products and in conserving critical 
and strategic alloys. 

In order that there shall be a perma- 
nent record of die emergency specifica- 
tions and emergency alternate provisions 
affecting the A.S.T.M, steel specifica- 
tions, that were issued as wartime 
measures, a list of tlie serial designa- 
tions with the dates of issuance appears 
in Table I 


TABLE I.-LIST OF EMERGENCY STANDARDS 
AND EMERGENCY ALTERNATE PROVISIONS 
PREPARED BY COMMITTEE A-1, 


Designations 

Date of Issue and Revision 

Emergency STANDAK,iDS 

Bearing Steek^ 


ES-Sa 

April 28, 1942, 
Revised Sept, 16, 1942 

Heavy Forgings:^ 

ES-21 

Jan. 30, 1943 

ES-22 

Jan. 30, 1943 

ES-23a 

Jan. 30, 1943, 
Revised Dec. 11, 1944 

ES-24 

Jan. 30, 1943 

ES-2S 

Jan. 30, 1943 

ES-26 

Jan. 30, 1943 

ES-27 

Jan. 30, 1943 

Emergency Alternate Pkovisions® 

Steel Plates for Pressure 
Vessels: 


EA“A 70a 

Nov. 17, 1943, 
Revised Aug. 28, 1944 

EA-A 89 

‘ Aug. 30,. 1943 

Concrete Reinforcement 
Steel: 

■EA-A 160 

April 6, 1942 

Steel Rails and Accesso'- 

ties: 

EA-Ala 

April 6, 1942, 
Amended Oct. 20, 1943 

EA-A 183 

April 6, 1942 

Steel Billets t Forgings^ and 
Axles: 

EA-A 21 

Oct. 5,1942 

EA-A 235 

Jan. 30, 1943 

EA-A 236a , 

Aug. 12, 1942, 
Revised May 8, 1943 

EA-A 237 

Jan. 30, 1943 

EA-A 238 

Oct. S, 1942 

EA-A 274 

Aug. 28, 1944 

Steel Wheels and Tires: 

EA-A 2Sa 

June 22, 1942, 
Revised Aug. 24, 1942 

EA-A 26 

April 28, 1942 

EA-A 57 

June 22, 1942 

EA-A 186 

June 22, 1942 

EA-A 244 

June 22,1942 . 

Steel Castings: 

EA-A 27 

. Feb. 24, 1942 

EA-A 87 

Feb. 24, 1942 

EA-A 95 

April 26, 1944 

EA-A 148a 

Feb, 24, 1942, 
Revised April 27, 1943 

EA-A 157 

April 26, 1944 

EA-A 215 

Feb. 24, 1942 

EA-A 216a 

April 6, 1942, 
Revised April 26, 1944 

EA-A 217 

April 6, 1942 

Pipe: 

EA-A S3 

Jan. 30, 1943 

EA-A 120 

Aug. 24, 1942 

EA-A 134 

Aug. 18, 1942 

EA-A 13S 

Aug. 24, 1942 

EA-A 139a, 

Aug. 18, 1942 
Revised April 8, 1943 

EA-A lS8a 

June 1, 1943, 

Revised Aug, 28, 1944 

EA-A 206 

June 1, 1943 

EA-A 211 

Aug. 18, 1942 

Tubes: 

EA-A'’83 

Aug. 18, 1942 

EA-A 161 , 

Aug. 18, 1942 

EA-A 178 

Aug. 18, 1942 



TABLE 


Designations 

Date of Issue 'and Revision 

EA-Ai79 

Aug. 18, 1942 

EA-A 192 

Aug, 18, 1942 

EA-A199 

Aug. 18, 1942 

EA-A 200 

Aug. 18, 1942 , 

EA-A 209 

Aug. 18, 1942 

EA-A 213a 

Aug. 24, 1942, 

' EA-A 214a 

Revised Aug. 28, 1944 

Aug. 18, 1942, 

EA-A 226 

Revised Aug. 30, 1943 

Aug. 18, 1942 

■ 'EA-A 249a., 

Aug. 24, 1942, 

EA-A 250 ' 

Revised Aug. 28, 1942 

Aug. 24, 1942 

EA-A 268 ; 

Oct. 25, 1944 

EA-A 269 1 

Oct. 25, 1944 

EA-A 270 

Oct. 25, 1944 

EA-A 271 

- Oct. 25, 1944 

Sieei Bolting Maierials: 
EA-A 194 ' 

April 6, 1942 


** This Emergency Standard was transferred to the 
status of tentative on June 27, 1946 and is now published 
under the A.S.T.M. Designation A 295 - 46 T in the 1946 
Book of A.S-T.M. Standards, Part I-A, p. 980. 

** These Emergency Standards were transferred to the 
status of tentative on July 10, 1946 and are now published 
respectively under the A.S.T.M. Designations A 288 to 
A 294, inclusive, and appear in the 1946 Book of A.S.T.M. 
Standards, Part I-A, pp. 837 to 862, 

AU of these Emergency Alternate Provisions were 
withdrawn on June 27, 1946, Certain of these emergency 
alternate provisions have, however, resulted in revisions 
adopted this year in the standards and tentatives for steel 
and steel products. 


For the most part, reasons for the 
emergency actions have been noted in 
various Society publications including 
the ASTM Bulletin. In recommend- 
ing the withdrawal of many of the 
provisions, Committee A-1 is retaining 
some of the requirements which may 
involve new alloys and test require- 
ments. These are being embodied in 
the regular standards and tentatives^ 
In the case of the complete emergency 
specifications, they have been transferred 
without revision from the status of 
emergency to that of tentative. 


Tentatives and Revisions oe 
Tentatives Approved during the 
Past Two Years 


Since June, 1944, when the last report 
of Committee A-1 was submitted to the 
Society, a number of recommendations 
of Committee A-1 were accepted by the 


TABLE H.-RECOMMENDATIONS, ACCEPTED BY 
ADMINISTRATIVE COMMITTEE ON STANDARDS, 
INCLUDING RECORD OF LETTER BALLOT VOTE. 


Items 

Affirm- 

ative 

,Nega- 
t live 

Ballots 

Marked 

“Not 

Voting” 

New Teniaim Specifications for: 
Seamless and Welded Ferritic 
Stainless Steel Tubing for 
General Service (A 268 - 44 T), 
accepted October 25 ^ 1944 

74 

1 

; 55 : 

Seamless and Welded Austenitic 
Stainless Steel Tubing for 
General Service (A 269 - 44 T), 

accepted October 25 ^ 1944 

Seamless and Welded Austenitic 
Stainless Steel Tubing for the 
Dairy and Food Industry 
(A 270 - 44 T), accepted October 
25, 1944... 

74 

1 1 

55 

68 

i ' 

61 

Seamless Austenitic Chromium- 
Nickel Steel Still Tubes for 
Refinery Service (A 271 - 
44 T), accepted October 25, 1944 

67 

1 ^ 

1 62 

Carbon-Steel Blooms, Billets, 
and Slabs for Forgings (A 273 - 
44 T), accepted August 22, 1944 

111 

2 ■ 

70 

Alloy-Steel Blooms, Billets, and 
Slabs for Forgings (A 274- 
44 T), accepted August 28, 1944 

104 

2 

76 

Seamless Chromium-Molybdenum 
Alloy-Steel Pipe for Service 
at High Temperatures (A 280 - 
46 T), accepted January 10, 
1946', revised June 27, 1946 

114 

1 

88 

Mild- to Medium-Strength 
Carbon-Steel Castings for 
General Application (A 281 - 
45 T), accepted November 14, 
1945 

121 

4 

1 

87 

High-Strength Steel Castings for 
Structural Purposes (A 282 - 
45 T), accepted November 14, 
1945 

119 

3 

' m 

New Tentative Methods of Test 
for: 

Magnetic Particle Testing and 
Inspection of Commercial 
Steel Castings (A 272 - 44 T), 
accepted August 28, 1944 

114 

1 

67 

Magnetic Particle Testing and 
Inspection of Heavy Steel 
Forgings (A 275 - 44 T), ac- 
cepted August 28, 1944. 

114 

2 

66^ 

Revisions of Tentative Specifica- 
tions for: 

Seamless Carbon-Steel Pipe for 
High-Temperature Service 
(A 106 - 45 T), accepted Novem- 
ber 14, 1945 

103 

0 

99 

Seamless Alloy-Steel Pipe for 
High-Temperature Service 
(A 158 - 44 T), accepted August 
28, 1944 

93 

0 

88 

Alloy-Steel Bolting Materials for 
High-Temperature Service 
(A 193 - 45 T), accepted Novem- 
ber 14, 1945 

113 

1 

87 

Carbon-Steel Seamless Drum 
Forgings (A 266 - 44 T), oc- 
cepted August 28, 1944 

109 

2 

70 

Revision of Tentative Method of 
Test for: 

End-Quench Test for Harden- 
ability of Steel (A 255 - 45 T), 
accepted November 14, 1945 , .. . 

129 

0 

73 
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TABLE. 


. . Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting’* 

Tmiatin Memstonsjof Standard 
SpGcificaiims for: 

Steel for Bridges and Buildings 
(A 7 - 42), accepted Auiust iS, 
iW......... 

101 

1 

81 

Mild Steel Plates (A 10 -39) 
in accepted August 28 ^ 1944. ...... 

101 

1 

81 

Low Tensile Strength Carbon- 
Steel Plates of Structural 
Quality for Welding (KIZ- 
43), accepted August 28, 1944. . . 

101 1 

1 

81 

Cotnmercial Quality Hot-Rolled 
Bar Steels (A 107 -42), ac- 
cepted August 28^ 1944 — . . . . . 

120 ^ 

S 

57 

Commercial Cold-finished Bar 
Steels and Cold-Finished 
Shafting (A 108 - 36), accepted 
August 28, 1944 

112 

3 

68 

Electric-Fusioa-Welded Steel 
Pipe (Sizes 8 in. to but not 
Including 30 in.) (A 139-42), 

accepted August 28, 1944 

Carbon- and Alloy-Steel Nuts for 
Bolts for High-Pressure and 
High-Temperature Service 

(A 194 * 40), accepted Nmember 
14, 1945 

82 

0 

99 

112 

0 

90 

Carbon-Steel Forgings for (gen- 
eral Industrial Use (A 235 - 
42), accepted August 28, 1944. . . 

109 

2 

70 

Carbon-Steel Forgings for Loco- 
motives and Cars (A 236 - 42), 

accepted August 28, 1944 

Alloy-Steel Forgings for General 
Industrial Use (A 237 -42), 

accepted August 28, 1944 

Alloy-Steel Forgings for Locomo- 
tives and Cars (A 238 - 42) , 
accepted August 28, 1944 — , . . 
Low-Alloy Structural Steel 
(A 242 - 42), accepted AUgusi 
28, 1944 

109 

2 

70 

109 

2 

70 

109 

2 

70 

101 

1 

81 

Carbon-Steel and Alloy-Steel 
Ring and Disk Forgings 
(A 243 -43), accepted August 
28, 1944 

109 

2 

70 

Copper Brazed Steel Tubing 
(A 254 - 44), accepted November 
14, 1945 

88 

0 

114 

Withdrawal oj Specifications for: 
Alloy-Steel Bolting Material for 
High-Temperature Service 

(A 96 - 44), accepted November 
■ ■ 14, 1945 

113 

1 

87 

Carbon-Steel and Alloy-Steel 
Blooms, Billets and Slabs for 
,Forgings (A 248 - 41 T), ac- 
cepted August 28, 1944.. 

107 

0 

75 


Administrative Committee on Standards. 
The new and revised specifications are 
listed, with the date of approval, in 
Table 11. 

Table II does not include actions on 
emergency specifications or emergency 
alternate provisions which are noted 
elsewhere in this report 


Comments on Recommendations 

Accepted by the Administrative 
Committee ON Standards ■ - 

As announcement has been made from 
time to time in tlie ASTM Bulletin of 
the new and revised specifications, there 
have also been given some, notes pi; dis- 
cussion on tlie background and. Tea- 
sons for the recom.mendations. Conse- 
quently, except for some significant 
groups of specifications which follow, 
those concerned are referred to the re- 
spective issues of the ASTM Bulletin. 

Stainless Steel Tubing: 

While it had been evident for some 
time that there was a rather serious gap 
in the A.S.T.M. steel specifications with 
respect to so-called stainless steel tubing, 
attempts to draft specifications were 
somewhat fruitless because of conflicting 
opinions and other obstacles. However, 
through the work of the NESS project, 
which urged that specifications for these 
various products be made available, 
tliere was established a joint subcom- 
mittee of Committee A-1 and Committee 
A-IO on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys, 
which included leading consumers and 
producers of the various classes of stain- 
less tubing. In' the meanwhile there had 
been developed by the American . Iron 
and Steel Institute Technical Committee ^ 
on Tubular Products proposed specifica- 
tions, and as a result of these factors, 
agreement was finally reached on the 
four tentative specifications A 268, 
A 269, A 270 and A 271 noted in Table 
II. Because of war production prob- 
lems, there were issued, simultaneously, 
with the new tentatives, emergency 
provisions which aided in' expediting 
production : and conserving,,. critical ele- 
ments. These emergency provisions 
governed during the war period. 
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Magnetic Particle Testing: 

The already widespread and increas- 
ing use of niagnetic particle methods for 
testing and inspecting various steel prod- 
ucts, and the consequent confusion 
which w^'as arising with respect to 
methods of magnetizing, type of powder 
or liquid, to be used, and such factors, 
made it very desirable for the Society 
to consider undertaking some work in 
this field. Committee A-1, because of 
its concern with heavy forgings and 
with steel castings where the magnetic 
particle methods were very widely ap- 
plied, agreed to undertake drafting 
recommended practices or test methods. 
Depending on the outcome of this work 
and the utility of the methods, further 
studies involving related methods such 
as fluorescent penetrants, etc., would be 
evaluated. As a result of tlie work of 
special sections organized particularly 
for this purpose, the Tentative Methods 
A 272 and A 275 noted in Table II were 
agreed on. 

End Quench Test for Hardenability: 

The revisions in the Tentative Method 
of End-Quench Test for Hardenability 
of Steel (A 255 - 45 T) essentially em- 
body a revised chart for plotting the 
curves, which chart has a reduced scale 
compared with the earlier one and em- 
bodies other improvements. At the 
same time changes were made in the 
text of the method to bring the proce- 
dures more nearly in line with develop- 
ments in the use of the test.^ 

Blooms y Billets and Slabs for Forgings: 

The specifications for carbon-steel 
and alloy-steel blooms, billets and slabs 
for forgings, Specifications A 273 and 
A 274 respectively, brought up to date 
the requirements for these materials, 
and as a result of developments in the 
forging industry tlie committee was able 
to incorporate a number of special re- 
quirements which could become a part 

. a See.EditoriaiHotCt p. ill* ; . 


of the specifications upon agreement 
between the .consumer and producer.^ 
Many of those purchasing material for 
reforging thus could use the standard 
specifications and meet certain special 
requirements needed for their particu- 
lar products. No attempt was made to 
reduce the number of grades which 
might be employed but rather to make 
the specifications, both carbon and alloy, 
quite all-inclusive. 

Pipe and Bolting for High-Temperature 

Service: 

The sudden failure of a carbon- 
molybdenum grade of pipe in a high- 
temperature-high-pressure installation 
about two years ago caused a flurry of 
excitement, with much ensuing study 
and research to determine the causes. 
The problem was particularly pressing 
since there were many other installa- 
tions of this particular grade of material 
which affords the necessary resistance to 
creep at elevated temperatures. The 
failure occurred in the weld-affected 
zone and was attributed to so-called 
graphitization or the formation of chain- 
like graphite nodules. Whether the 
use of aluminum in killing of the steel 
contributed to graphitization has been 
discussed in many technical papers 
since then, but the Committee’s Sub- 
committee on Materials for High-Tem- 
perature Service was essentially con- 
cerned in developing or standardizing 
on a material which would inhibit 
graphitization. Since the incorporation 
of about 40 to 60 points of chromium 
seemed to provide the best safeguard, 
the new Specifications for Carbon- 
Molybdenum Steels (A 280- 46 T) were 
agreed on after considerable discussion. 
Apparently no evidence exists to show 
that this material has graphitized below 
say 925 F., but only time and widespread 
usage will prove the worth of the mate- 
rial. 

Meanwhile the studies continue of 
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TABLE tll.-AMALTStS OF LETTER BALLOT VOTE. 


Items 

Specifications for the 
. materials indicated 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting’* 

: I. New Tentatives 

Carbon-Steel Plates, Low and 
Intermediate Tensile Strengths 
of Structural Quality for Plates 
2 in. and Under in Thickness 
(to replace Specs. A 10 and 
A78) 

108 

0 

1 

79 

Garbon-Silicon Steel Plates over 
2 in. in Thickness of Inter- 
mediate Tensile Strength for 
Machine Parts and General 
Construction 

108 

0 

It 

Heat-Treated Alloy-Steel Bars 

110 

0 

77 

Rolled Carbon-Steel Locomotive 
' Frames 

79 

2 

1 

114 

Carbon-Chromium Ball and Rol- 
ler-Bearing Steels (Tentative) 
(A 295 - 46 T).... 

83 

0 

104 

II. Revisions o.f Tentatives 

Seamless Carbon-Steel Pipe for 
High-Temperature Service 
(A 106- 45 T) 

96 

i 

15 

75 

Seamless Alloy-Steel Pipe for 
High-Temperaturo Service 
(A ISS - 44 T) 

II6 

0 

71 

Alloy-Steel Bolting Materials for 
High-Temperature Service 
(A 195 - 45 T) 

106 

0 

81 

Seamless Carbon-Molybdenum 
Alloy-Steel Pipe for High- 
Temperature Service (A 206 - 
44 T) 

116 

0 

71 

Alloy-Steel Castings Suitable 
for Fusion Welding for High- 
Temperature Service (A217- 
44 T) 

106 

0 

86 

Seamles.s Austenitic Chromium- 
Nickel Steel kill Tubes for 
Refinery Service (A 271 - 
. 44 T) 

107 

0 

8S 

Seamless Chromium-Molybde- 
num Alloy-Steel Pipe for 
Service at High Temperatures 
(A 280 "46 T). 

i 116 

0 

711 

Mild- to Medium-Strength Car- 
bon-Steel Castings for General 
Application (A 281 - 45 T) (to 
be redesignated as Tent. Spec. 

A 27) 

I 

115 

1 0 

80 

High-Strength Steel Castings for 
Structural Purposes (A 282 ~ 

, .-AST) (to be redesignated as 
Teat. Spec. A 148) 

105 

0 

90 

HI, Tentative Revision of. 
Standard 

Steel Music Spring Wire (A 228 
■ 41).'...... ^ 

70 

1 

124 

IV. Adoption op Tentative as 
Standard 

Heat-Treated Carbon- and Alloy- 
Steel Track Bolts and Nuts 
(A 185 - 40 T)s as revised 

101 

0 

S6 

V. Revision OP Standards, 
Immediate Adoption 

Open-Hearth Carbon-Steel Rails 
(A 1-39)... 

80 

0 

107 

Low-Carbon Steel Joint Bars 
(A3-33). 

81 

0 

106i 

Steel for Bridges and Buildings 
(A7-42). . .......... ........ 

Structural Nickel Steel (A 8 - 39) 

00 CO 

oo 

0 

0 

79* 

79' 


TABLE III . — Continued 


Items 

Specifications for the 
materials indicated 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not” 

Voting” 

V. Revision op Standards, 
Immediate AnoPTioN—C^f^^fd. 
Wrought Steel Wheels for Elec- 
tric Railway Service (A 25 - 41) 

69 

0 

118 

Boiler and Firebox Steel for 
Locomotives (A 30-44) 

108 

0 

84 

Welded and Seamless Steel Pipe 
(A 5.3-44) ; 

116 

' 0 ' 

71 

Multiple-Wear Wrought Steel 
Wheels (A 57 ~ 44) 

75 

0 

112 

Steel Tie Plates (A 67 -33) | 

82 

0 

lOS 

Low-Carbon Steel Track Bolts ! 
and Nuts (A 76 - 33) i 

83 

0 

104 

Lap-Welded and Seamless Steel j 
and Lap-Welded Iron Boiler 
Tubes (A 83 -44). .j 

104 

0 

88 

Structural Silicon Steel (A 94 - 
39). 

108 

0 

79 

Forged or Rolled Steel Pipe 
Flanges, Forged Fittings,^ and 
Valves and Parts for High- 
Temperature Service (A 105 - i 
40) ‘ 

92 

0 

95 

Commercial Quality Hot-Roiled 
Bar Steels (A 107 - 42) 

113 

2 

80 

Commercial Cold-Finished Bar 
Steels and Cold-Finislied 
Shafting (A 108 - 36) 

104 

1 

90 

Structural Steel for Locomotives 
and Cars (A 113-42) 

K)8 

0 

79 

Black and Hot-Dipped Zinc- 
Coated f Galvanized) Welded 
and Seamless Steel Pipe for 
Ordinary Uses (A 120 - 44) — 

116 

0 

71 

Open-Hearth Iron Plates of ; 
Flange Quality (A 129 - 39). . 

115 

0 

77 

Structural Steel for Ships 
(A 131-39)..... 

108 

0 

79 

Electric-Resistance-Welded Steel 
Pipes (A 1.15-44) 

116 

0 

71 

Electric-Fusion-Welded Steel 
Pipe (Sizes 8 in. to but not In- 
cluding 30 in.) (A 139 - 42) ... . 

116 

0 

' 71 

Seamless Low-Carbon and Car- 
bon-Molybdenum Steel Still 
Tubes for Refinery Service 
(A 161 - 44) 

93 

0 

99 

Electric-Resistance-Welded Steel 
and Open-Hearth Iron Boiler 
Tubes (A 178 -44) 

111 

0 

81 

Seamless Cold-Drawn Low- Car- ' 
bon Steel Heat-Exchanger 
and Condenser Tubes (A 179 - 
44) 

107 

0 

85 

Forged or Rolled Steel Pipe 
Flanges for General Service 
(A 181 -42) 

93 

0 

94 

Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and 
Valves and Parts for High-Tem- 
perature Service (A 182 - 44) . . 

92 

1 

0 

95 

One-Wear and Two-Wear 
Wrought Steel Wheels (A 186 - 
39). 

76 : 

0 

Hi 

Carbon- and Alloy-Steel Nuts 
for Bolts for High-Pressure and 
High-Temperature Service 
(A 194-40) 

91 1 

1. 

103 

Seamless Cold-Drawn Inter- 
mediate Alloy-Steel Heat- 
Exchanger and Condenser 
Tubes (A 199-44) 

105 

0 

.87 

Seamless Intermediate Alloy- 
Steel Still Tubes for Refinery 
Service (A 200 - 44) 

105 

0 

87 

Carbon-Silicon Steel Plates of 
Ordinary Tensile Ranges lor 
Fusion-Welded Boilers and 
Other Pressure Vessels (A 201 - 
■ 44).,. 

115 

' ■. 0' ■■ 

77 
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TABLE III,— 


Items 

Specifications for, the 
materials, indicated 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

^‘Not 

Voting” 

V. Revision of Standards, 
Immediate Adoption— C oiffd. 

Cbrome-Manganese-SIlicon 
(CMS) Alloy-Steel Plates for 
Boilers and Other Pressure 
Vessels. (A 202 -44) 

115 

0 

77 

Low-Carbon Nickel-Steel Plates 
for’ Boilers and Other Pressure 
Vessels (A 203-44).... .....,. 

101 

0 

86 

Molybdenum-Steel Plates for 
Boilers and Other Pressure 
Vessels (A 204 - 44) 

US 

0 

77 

Seamless Carbon-Molybdenum 
Alloy-Steel Boiler and Super- 
heater Tubes (A 209-44) 

106 

0 

86 

Medium-Carbon Seamless Steel 
Boiler and Superheater Tubes 
(A210-44)... 

93 

0 

99 

High Tensile Strength Carbon- 
Silicon Steel Plates for Boilers 
and Other Pressure Vessels 
(Plates 4| in. and Under in 

Thickness) (A 212 -44) 

Seamless Alloy-Steel Boiler and 

115 

0 

77 

Superheater Tubes (A 213 - 44) 

105 

1 0 

87 

Electric - Resistance - Welded 
Steel Heat-Exchanger and 
Condenser Tubes (A 214 - 44) . 

98' 

0 

89 

Manganese- Vanadium Steel 

Plates for Boilers and Other 
Pressure Vessels (A 22S - 44). . 

115 

0 

77 

Carbon-Steel Forgings for Gen- 
eral Industrial Use (A 235 - 42) 

101 

0 

94 

Carbon-Steel Forgings for Loco- 
motives and Cars (A 236 - 42) . 

101 

0 

94 

Alloy-Steel Forgings for Loco- 
motives and Cars (A 238 - 42) . 

102 

0 

90 

Low-Alloy Structural Steel 
(A 242 - 42) 

120 

1 

74 

Atomic-Hydrogen-Arc-W elded 
and Electric-Resistance- Weld- 
ed Alloy-Steel Boiler and 
Superheater Tubes (A 249 - 44) 

94 

0 

93 

Electric-Resistance-Welded 
Carbon-Molybdenum Alloy- 
Steel Boiler and Superheater 
Tubes (A 250 -44) < 

93 

0 

99 

Welded and Seamless Steel Pipe j 
Piles (A 252 -44) j 

83 

0 

104 

Welded Alloyed Open-Hearth 
Iron Pipe (A 253 - 44) 

116 

0 

71 

VI. Adoption as Standard of' 
Tentative Revisions of 
Standards 

Steel for Bridges and Buildings 
(A7-42) 

120 

i 

0 

75 

Electric - Fusion - Welded Steel 
Pipe (Sixes 4 in. to but not 
Including 30 in.) (A 139 - 42). . 

103 

0 

89 

Carbon- and Alloy-Steel Nuts 
for Bolts for High-Pressure and 
High-Temperature Service 
(A 194 -40) 

91 

1 

103 

Carbon-Steel Forgings for Gen- 
eral Industrial Use (A 235 - 42) 

109 

0 

83 

Carbon-Steel Forgings for Loco- 
motives and Cars (A 236 - 42) . 

109 

0 

83 

Alloy-Steel Forgings for General 
Industrial Use (A 237 - 42) . . . . 

109 

0 

83 

Alloy-Steel Forgings for Loco- 
motives and (2ars (A 238 - 42) , 

102 

0 

90 

Low-Alloy Structural Steel 
(A 242 -42) 

,120 

0 

75 ‘ 

Carbon-Steel and Alloy-Steel 
Ring and Disk Forgings 
(A 243 -43). 

109 

0 

83 

Copper ■ Brazed Steel Tubing 
(A 254 - 44)..,............... 

90 

0 

102 


TABLE HL-^onimmi 


Items 

Specifications for the 
materials indicated 

Affirm- 

ative 

Nega- 
, tive 

Ballots 
Marked 
“‘Not , 
iVoting” 

VII. Withdrawal of Standards 
M ild Steel Plates (A iO - 39) . .. . 

: 108 

0 

79 

Carbon- Steel Castings for Mis- 
cellaneous Industrial Uses 
(A 27 -44) 

> US 

0 

' .SB'' 

Carbon-Steel Plates for Station- 
ary Boilers and Other Pressure 
Vessels (A 70 - 44) 

; 112 

1 

: . "74 

Low Tensile Strength Carbon- 
Steel Plates of Structural 
Quality for Welding (A 78 - 43) 

108 

0 

79 ■ 

Carbon-Steel and Alloy-Steel 
Castings for Railroads (A 87 - 
44) 

US 

0 

' ,80 

Low Tensile Strength Carbon- 
Steel Plates of Flange and 
Firebox Qualities (A 89 - 43) 

112 

i 

74 

Alloy-Steel Castings for Struc- 
tural Purposes (A 148 - 44). . 

105 

0 

90 

Carbon-Steel Castings Suitable ! 
for Fusion Welding for Mis- 
cellaneous Industrial Uses 
(A 215 -44) 

US 

0 

80 

Heat-Treated Wrought Steel 
Wheels (A 244 - 44) 

75 

0 

112 

VIII. Adoption as Standard 
C arbon-Steel Plates 2 in. and 
Under in Thickness of Flange 
and Firebox r ualities, Low and 
Intermediate Tensile Strength 
(A 285 - 46) (To replace Specs. 
A 70 and A 89) 

112 

1 

74 

IX, Reaffirmation of 
Standards 

Open-Hearth Steel Girder Rails 
of Plain, Grooved and Guard 
Types (A 2 - 27) 

81 

0 

106 

Medium- Carbon Steel Joint 
Bars (A 4 - 14) 

81 

0 

106 

High-Carbon Steel Joint Bars 
(A 5 -37) 

Si 

0 

106 

Billet-Steel Bars for Concrete 
Reinforcement (A IS - 39) . . 

98 1 

0 

89 

Rail-Steel Bars for Concrete Re- 
. inforcement (A 16 - 35) 

98 

0 

89 

Quenched Carbon-Steel Joini 
Bars (A 49 - 39) . I 

81 

0 

106 

Soft Steel Track Spikes (A 65 - 33)! 

81 

0 

106 

Steel Screw Spikes (A 66 - 33) . . 

81 

0 

106 

Cold-Drawn Steel Wire for Con- ; 
Crete Reinforcement (A 82 - 
34).... 

98 

0 

89 

Cold-Rolled Strip Steel (A 109 - 
38) 

106 

1 

80,, 

Axle-Steel Bars for Concrete Re- 
inforcement (A 160 - 39) .... 

98' 

0 

89 

Fabricated Steel Bar or Rod 
Mats for Concrete Reinforce- 
ment (A 184 - 37) 

i 

98 

0 

89 

Welded Steel Wire Fabric for 
Concrete Reinforcement (A 
185-37).. 

98 , 

0 

89 

Hot-Worked High-Carbon Steel 
Tie Plates (A 241 - 41) 

81 

0. 

106 


Other possible steels which might be 
used, including some with higher chro- 
mium content, 1 per cent or over. 

The revised Specifications for Alloy- 
Steel Bolting Materials for High-Tem- 
perature Service (A 193 “45 T)- • now 
embody three grades formerly covered 
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in the widely used Standard Specifica- 
tions A 96 which do not give detailed 
chemical requirementSj and with the 
approval of the revised tentative, the 
former Standard A 96 was withdrawn. 
(See note later in this report on addi- 
tional changes in the bolting specifica- 
tions.) . , ' 

Recommendations Affecting 
Standards 

A large number of specifications af- 
fected by recommendations submitted 
in this report are listed in Table III, 
which also records the committee vote. 
Recommendations presented are detailed 
in the Appendix, and, where explanations 
of the proposals seem desirable, they are 
described in the sections of this report 
devoted to subcommittee activities. 

Notes on Some Activities of the 
Subcommittees, with Reference 
TO Specific Committee Recommen- 
dations 

Rails and Track Accessories: 

Work involving specifications for steel 
rails and for track accessories, joint 
bars, track bolts, etc., is carried out in 
close cooperation with the American 
Railway Engineering Association, and 
an efiort is made in so far as possible to 
have the actual requirements in the 
specifications of the two bodies coordi- 
nated. While this is not always com- 
pletely possible, in general, the major 
requirements do coincide. This spirit 
of cooperation is one of the reasons for 
the numerous changes detailed in the 
Standard Specifications for Open-Hearth 
Carbon-Steel Rails (A 1 - v39) and in the 
Tentative Specifications for Heat-Treated 
Carbon- and Alloy-Steel Track Bolts 
and Nuts (A 183 ~ 40 T) and the Stand- 
ard Specifications for Steel Tie Plates 
(A 67 -33). The changes at the same 
time bring the requirements in line with 
the latest practice. Concurrent with 


this action, the wartime emergency 
provisions were withdrawn. 

Structural Steel for Bridges^ Buildings 

and Rolling Stock: 

The most pressing problem confront- 
ing Subcommittee II has been the de- 
velopment of standard requirements for 
structmal steel for welding. To coor- 
dinate the desires of the welding engineer 
for an absolute minimum of carbon and 
manganese, with physical properties in 
line with existing structural steel re- 
quirements for riveted construction; and 
the necessity from the mill practice 
angle of suitable chemical requirements 
in order to meet physical properties, 
has been a perplexing and much-dis- 
cussed subject. Also there has not been 
agreement on the mechanics to be fol- 
lowed; that is, whether to embody the 
requirements in the widely-used Stand- 
ard Specifications for Steel for Bridges 
and Buildings (A 7 -^42) or to promul- 
gate separate specifications for structural 
steel for welding. After considerable 
debate and much correspondence in the 
special section headed by Jonathan 
Jones, it was agreed that separate 
specifications would be formulated which 
eventually might replace or become 
Standard Specification A 7. 

In four of the structural specifications, 
A 7, A 8, A 94, and A 113, changes have 
been made in the scope clauses to clarify 
the use of the material. In A 7 a 
reference is being incorporated to the 
structural sheet specification A 245 so 
that the requirements of A’ 7 will not be 
used to cover thin gage material. As an 
editorial change, the section in A 7 re- 
ferring to steel castings is being modified 
so that it will give up-to-date: reference 
to the modified^65■“35 grade : in the , re- 
vised castings specification A 27 - 46 T. 

As a result of further deliberations at 
its meeting in Buffalo, N. Y, in June, 
1946, the Section on Structural Steel for 
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Welding ' presented the following report 
which was approved by the subcomit- 
tee and Committee A-1: 

1. That for the statically loaded parts of 
buildings A 7 steel is satisfactory up to IJ in. 
thickness without special technique, and above 
that thickness can be kept so by proper 
technique. 

2. That the same is true for most parts of 
highway bridges, assuming that a fair proportion 
of dead load stress is included in the total stress. 

3. That for railway bridges A-? steel is 
satisfactory up to 1 in. thickness without special 
technique, and above that thickness is likely to 
be of a composition necessitating pre-heat and 
possibly other special technique, 

4. That there is a place for a specification for 
a steel for welded structures, the use of which 
should be considered when the thickness of a 
welded part is greater than in. in the case of 
buildings and highway bridges, and 1 in. in the 
case of railway bridges. 

5. That one characteristic of this new speci- 
fication would be the placing of a limit on carbon 
and manganese, permitting the strength to taper 
off with increase of thickness. 

6. That it remains for bridge engineers to 
determine, and that the Section cannot de- 
termine whether any properties are essential in 
the steel which the present types of acceptance 
test do not measure. 

7. That therefore the writing of this new 
specification will encounter some delay. 

8. That when such a new specification is 
adopted, the Society should clearly distinguish, 
fpr the benefit of the consumer, where A-7 may 
be used and where the new specification is 
advised. This may well be done in the respec- 
tive scope clauses, although it is not recom- 
mended that the scope clause of Specification 
A 7 be thus modified at this time. 

To correlate the various thoughts in 
this field, there was formed last year a 
joint committee consisting of representa- 
tives of the American Welding Society, 
American Iron and Steel Institute, and 
the A.S.T.M., under the temporary 
chairmanship of F, H. Frankland. This 
joint committee is cooperating closely 
with Subcommittee II. 

Two new specifications appended to 
this report®^ — one for Carbon-Steel Plates 

® These specifications were accepted as tentative by the 
Society and appear in the 1946 Book of A.S.T.M. Stand- 
ards, Part I-A. 


of Structural Quality With Low and 
Intermediate Tensile Strengths, 2 in. 
and under in Thickness; the other for 
Carbon-Silicon Steel Plates With Inter- 
mediate Tensile Strengths for Machine 
Parts and General Construction, over 2 
in. in Thickness — ^will achieve certain 
objectives the subcommittee has had in 
mind for some time. The first named 
specification essentially is a consolidation 
of two existing standards covering Mild 
Steel Plates (A 10 - 39) and Low Tensile 
Strength Carbon-Steel Plates of Struc- 
tural Quality for Welding (A 78 - 43). 
The new specification covers in one docu- 
ment the three commonly used grades 
and this channeling of production should 
be beneficial to both the consumer and 
producer. In combining Specifications 
A 78 and A 10, some features which dif-* 
fered in the two standards have been 
reconciled. The thickness is limited to 2 
in. since it is felt the separate specifica- 
tion with silicon content is more appro- 
priate, and forge welding quality steel 
has been dropped since this process is 
almost obsolete. However, in specifica- 
tions that are being recommended by 
Subcommittee XI on Steel for Pressure 
Vessels this class is continued. 

The new specification for Carbon- 
Silicon Steel Plate meets the need for 
grades of steel to be rolled in heavier 
thicknesses than 2 in. but the require- 
ments for which are not as rigorous as 
in the Specifications for Carbon-Silicon 
Steel Used for Boilers and Other Pres- 
sure Vessels, A 201 and A 2 12 respec- 
tively. 

These new specifications incorporate 
statements and requirements with 
respect to surface finish and condition- 
ing and permissible variations in weight 
and thickness which are believed to bring 
the specifications in line with latest 
thoughts and industrial practices. 
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Music Spring Wire: 

/The. revised table 'of tensile require- 
ments shown in the Appendix, involving 
the Standard ^Specifications for Music 
Spring Wire (A 228 - 41) resulted from 
intensive studies that had been under- 
taken to eliminate an abnormality in 
current values, particularly in the smaller 
sizes of wire. When the values were 
plotted, instead of a reasonably straight- 
line curve which might be expected, 
there was a very noticeable departure 
below about 20 to 30 mils. A number 
of revised values were proposed by dif- 
ferent committee members, and two sets 
of these seemed to represent a good 
average. These were studied mathe- 
matically with methods drawn from 
probability theory, and using an assumed 
form of equation a formula was devel- 
oped which could be used in calculating 
the proposed values shown in Table IV 
in the Appendix. 

Concerning the size of wire to be 
covered, the present maximum of 0,156 
in. has been retained, since it seemed to 
a number of those concerned that any- 
thing larger would be outside of what is 
considered commercially as music wire. 

Subcommittee IV is studying the 
possibility of establishing two different 
qualities of hard-drawn wire now cov- 
ered in the Standard Specifications for 
Hard-Drawn Steel Spring Wire (A 227 - 
41) and also is investigating the demand 
for new specifications intermediate be- 
twe,en hard-drawn and music spring wire. 

Concrete Reinforcement Steel: 

Although there was agreement to with- 
draw the Emergency Alternate EA- A’ 
160, Specification for Axle-Steel Bars for 
Concrete Reinforcement, which provided 
during wartime for use of a wider range 
of materials than covered in the normal 
specification for axle-steel bars, the com- 
mittee acted to start drafting a new 
specification for bars rolled from mate- 
rial where the heats are not identified. 


Carbon- and Alloy-Steei Forgings: 

With the transfer of the several emer- 
gency specifications for heavy forgings 
(ES-21 to ES-27 incl.) to the status of 
tentative, the withdrawal of a number nf 
emergency alternate provisions in the 
other forgings specifications, plus .some 
minor revisions, and the adoption .as 
standard of tentative revisions which 
were issued in August, 1944, the specifi- 
cations under the jurisdiction of Sub- 
committee VI are considered up to date. 
Certain studies are under way in the 
committee involving macroetch testing 
and the incorporation of such require- 
ments in specifications. There is evi- 
dent a need of standardization and sim- 
plification, but how to set up a series 
of pictorial representations of good prac- 
tice or which might be considered 
or no go’^ practice, entails much study. 
Such pictorial standards have been 
evolved for application in a rather 
narrow field by Watertown Arsenal 
Some progress is being made, but the 
final answer will necessarily be slow in 
forthcoming. 

A Special Section on Hardness Re- 
quirements has developed some general 
principles which should be considered 
in incorporating requirements on hard- 
ness in forgings specifications. These 
principles follow: 

(i4) Hardness tests, when required, should be 
specified under the following conditions: 

(i) Brinell hardness may be required only 
when tensile properties are not specified, 

{ 2 ) For special forgings, such as, pinion 
gears, reduction gears, and similar forgings 
where surface hardness is a factor and may 
differ from the hardness indicated by the ten- 
sile properties, both Brinell hardness number 
and tensile properties may be specified upon 
agreement between the purchaser and pro- 
ducer. 

(B) The following principles should apply in 
making the hardness test: 

(i) The accepted method for hardness test- 
ing is, the standard' Brinell method, .and. it 
should be used in c.ases where size of 'forging 
permits. 
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(^) Where size of forging will not permit 
the use of the standard Brinell method, the 
use of any other methods should be governed 
by the comparable permissible working range 
specified for the Brinell method. 

(3) A hardness range should be specified 
only for quenched-and-tempered or nor- 
malized-and-tempered forgings. For nor- 
malized or annealed forgings, a maximum or a 
minimum figure only should be specified. No 
hardness specification should be applied to 
untreated forgings. 

Rolled Steel Wheels and Steel Tires: 

The revised Specification for Multiple- 
Wear Wrought-Steel Wheels^ is a revi- 
sion and combination of two existing 
specifications: one covering heat-treated 
wheels of thref classes (A 244), and the 
other, a nonheat-treated grade (A 57). 
There has been sufiicient use of the 
standards so that the combination is 
considered feasible. The new specifica- 
tion will simplify ordering and produc- 
tion, and will bring the requirements 
substantially in line with those of the 
American Association of Railroads. 
Committee A-1 cooperates closely with 
the A.A.R. in various phases of the 
specifications work on steel wheels. 

Revisions in the Standard Specifica- 
tions for One-Wear and Two-Wear 
Wrought-Steel Wheels (A 186- 39) in- 
volving primarily the cancellation of the 
two-wear t}q)e are justified because of 
lack of production of the latter. 

Experience with the Emergency Alter- 
nate Provisions (EA- A2Sa) in the 
Standard Specifications for Wrought- 
Steel Wheels for Electric Railway Serv- 
ice (A 25 -41) justify the retention of 
some of the requirements as regular 
provisions. 

Rolled Carbon-SieeT Locomotive Frames: 

Since the material covered in the new 
Tentative Specifications for Rolled Car- 
bon-Steel Locomotive Frames® did not 
logically fall in the province of any of 

^ This revised specification was accepted by the Society 
and appears in the 1946 Book of A.S.T.M. Standards, 
"Part PA, 


the standing subcommittees, a special 
group of users and producers was estab- 
lished. After full consideration of the 
problem involved, agreement was 
reached on requirements and tests and 
the proposed new tentative specifica- 
tions embody the results. 

Steel Castings: 

In November, 1945, there were issued 
two new Tentative Specifications for 
Mild- to Medium-Strength Carbon-Steel 
Castings for General Application 
(A 281 - 45 T) and High-Strength Steel 
Castings for Structural Purposes 
(A 282 - 45 T). The first named is 
essentially a consolidation of three 
existing specifications, A 27, A 87 and 
A 215, while the latter brings up to date 
the requirements in the Standard Speci- 
fications A 148 of which further details 
are given earlier in this report. The 
committee in charge in proposing addi- 
tional changes in the specifications, as 
noted in the Appendix, is very anxious 
to have the older designations which 
are so widely known in the industry, 
apply to these new tentatives and 
therefore, instead of A 281 the designa- 
tion of A 27 is to apply, and for A 282 
the designation A 148 is to be reassigned. 
This contemplates the withdrawal of 
the four standards essentially combined 
in the new tentatives. 

Steel Pipe and Tubing: 

(See also Notes on Materials for High- 
Temperature Service) 

While probably none of the recom- 
mendations in the large number of pipe 
and tubing specifications under the 
jurisdiction of Subcommittee IX are of 
major concern, they all are in line with 
this very active subcommittee’s constant 
endeavor to have the specifications up 
to date and in line with current practices, 
and to meet, in so far as possible, the 
needs of the consumer. Some of the 
material being incorporated in the speci- 
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.' .ficationSj particularly in respect to ch'emi- ' 
-cal composition^; comes from . the; desire 
to set up. as peacetime practice, limita- 
tions, which: were in effect, during the 
war period as. emergency alternate pro- 
visions. , 

. „ One change which affects a large num- 
ber. of the pipe and tubing specifications 
where thin walls are produced merits 
discussion. In these several specifica- 
tions a set of formulas was incorporated 
a few years ago to give the required 
values of elongation for strip tests cut 
from material less than iu. in thick- 
ness. The use of these values has 
brought to light numerous cases where 
..the existing rule , has , caused , the rejec- ■ 
tion of, light wall material which, failed 
.to meet the elongation .requirements for 
the next heavier wall. ..Consequently a 
formula .has ..been developed .to cover., 
wall thicknesses , lying, , between ■ the 
.values,, now .shown ...in the specifications, 
/This subcommittee' has. several studies 
under way one, of which involves require- 
ments for, pipe: a.nd tubing for low-tem- 
perature service. 

Since a conference of those concerned 
with heat exchange and still tubes indi- 
cated the time would be propitious for 
eliminating the dual system of designat- 
ing wall thicknesses in several A-1 
specifications, and to standardize on the 
minimum wall requirements, favorable 
action was taken to delete from six still 
tube and heat exchanger specifications 
all references to average wall, and to 
have the requirements refer only to 
minimum wall thicknesses. Specifica- 
tions affected include A 161, A 200, 
A 271, A 179, A 199, and A 214. 

To clarify requirements in Various 
pipe specifications, and to emphasize* 
that these requirements are based on 
nominal (average) wall thickness, nu- 
merous editorial changes are being in- 
corporated in the specifications listed 
below. To be added to each of these 


specifications is ' a , detailed table of 
minimum wall thicknesses for the corre- 
sponding nominal (average) thickness. 
So that there should'be a minimum, of 
misunderstanding about this new table, 
a note is to accompany it indicating ..that 
the use of the table is no assurance,*that 
all of the, thicknesses or sizes listed can 
be obtained. ' 


A 53 

A 158 

A106 '■ 

A 206 

A 120 . 

A 252 

A,135- 

• V A253 

A 139 

A 280 


Steel for Boilers'- and Pressure Vessels: 

The two , specifications covering Low 
Carbon-Nickel-Steel Plates for Boilers 
and Other Pressure Vessels,® and . Carbon- 
Steel Plates. 2 in. and under in Thickness 
of. Flange and ... Firebox Qualities, .Low 
■and Intermediate Tensile Strength,® are 
recommended to bring up to date exist- 
ing requirements for these materials. 
Nickel steel plates have been ordered 
in' thicknesses up to 6 in., and the .exist- 
ing Specification A 2()v1 is limited , in 
application to 2 in . The second new 
■specification is intended as a co.nsoli- 
dation of two. existing standards, Speci- 
fications. ^for, Carbon-Steel Pla.tes for 
Stationary Boilers and Other Pressure 
Vessels (A, 70 -.44), which 'material is 
suitable for. fusion welding; and Speci- 
fications .for Low Te,iisile. Strength Car- 
bon-Steel Plates , of Flange,, and Firebox 
Qualit.ies „(A 89 - 43) . ..It is believed that 
the combined .specifications will . be ad- 
vantageous, giving in one document 
coverage of material that can be used 
for different types of vessels, for rivet- 
ing,. for fusion welding, and firebox 
quality for forge welding. A number of 
modifications in the requirements pro- 
vided in the proposed specifications have 
.been considered by the subcommittee in 

5 These revised specifications were accepted by the So- 
ciety and appear in thel946 Booh of A.S.T.M. Standards, 
TartT-A. ' 
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charge. ^ Decision will be reached on 
whether the existing standards are to 
be withdrawn with the approval of the 
new items or whether they' will be 
carriedior one yean 

In several standards there is to be a 
clarification of whether the rolling mill 
or the fabricator will perform the re- 
quired heat treatment. 

Revisions proposed for immediate 
adoption in the Standard Specifications 
for Boiler and Firebox Steel for Loco- 
motives (A 30 44) will bring the firebox 
grades in line with recent changes in 
A.A.R. specifications. 

Affecting most of the standards in the 
charge of th,is subcommittee is a proposed 
revision which will permit the buyer to 
specify on fiis order that test specimens 
are to be stress-relieved at a specified 
temperature, and the physical results 
reported in this condition. 

Methods of Physical Test 

Based on studies and recommendations 
carried out in Subcommittee XIII on 
Methods of Physical Tests, revisions 
have been approved in the Methods of 
Tension Testing of Metallic Materials, 
E 8, which clarify the requirements and 
should tend to eliminate misunderstand- 
ings about size, design of certain speci- 
mens, and related matters. 

Consideration was given to the reor- 
ganization of Subcommittee XIII and 
a statement of policy on which it should 
base any actions with the following 
recommendations was approved: 

It is recommended, as a matter of policy, that 
Subcommittee XIII act for Committee A-1 in 
establishing Committee A-1 methods of physical 
and mechanical testing. It is further recom- 
mended that the origin and responsibility of 
such methods should rest with the individual A-1 
subcommittees who have specific products in 
their charge. (Subcommittee XIII thus acting 
in a clearing and advisory capacity.) 

The several product committees of A-1 are 
requested to proceed immediately with the 
review and preparation of test procedures of 


their own and submit their ideas to Subcom- 
mittee XIII for study. 

Recognizing that as the work of Subcommit- 
tee XIII develops, it might be advisable to 
organize Subcommittee XIII into several sec- 
tions (with possibly an addition to its member- 
ship), the Subcommittee authorized the 
chairman to confer with A.S.T.M. Headquarters 
in the development of ‘the program respecting 
the organization of Subcommittee XIII. 

Carbon- and Alloy-Steel Bars: 

There has been a steadily growing con- 
viction thajt Committee A-1 would ren- 
der considerable service to many users 
of bar steels if requirements could be 
agreed on to provide specified physical 
properties to cover the bars in various 
thermal conditions. Wliile great ton- 
nages of bar material may not be the 
rule in such industries as electrical manu- 
facturing, railroad, petroleum refining 
and many others, as is the case for 
example in the automotive field, never- 
theless there is a very significant produc- 
tion and the design engineers and others 
in different consuming fields have felt 
the need for material with specified 
physical properties. Consequently the 
new Tentative Specifications for Heat- 
Treated Alloy-Steel Bars^ is a step in 
the general direction toward which the 
Subcommittee XV on Bar Steels is 
moving. It is hoped that in the not 
•too far distant future other specifications 
may be forthcoming, including one on 
hot-rolled bars subject to tensile require- 
ments, another on hot-rolled annealed 
and heat-treated carbon bars, and pos- 
sibly still another for alloy-steel bars 
with chemical requirements which might 
embody hardenability provisions. 

The revisions in the existing commer-^ 
cial bar specifications, hot-rolled (Speci- 
fications A 107)® and cold-finished (Speci- 
fications A 108)® will bring these 
requirements up to date. They also in- 
corporate as information tables of esti- 
mated tensEe values and suggested 
applications. 
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Sheet Steel and Steel Sheets: 

There are three specifications in this 
field: one covering cold-rolled strip 
(Specifications A 109) and two others 
cotering light-gage, fiat rolled steel for 
structural applications (Specifications 
A 245 and A 246). Changes are pend- 
ing in the chemical requirements and 
check analysis for strip, and also in the 
other two specifications where the bend- 
ing properties are a subject of study. 
Minor changes clarifying the use of the 
bend test specimen have been recom- 
mended in each specification. 

A new project confronting this com- 
mittee is the development of require- 
ments on hot-rolled strip steel which can 
be used in structural applications. Pre- 
viously it has been possible to use some 
of the requirements in the structural 
steel specification A 7 but the revision 
now limits the use of A 7 to thicker 
material. Subcommittee XIX is draft- 
ing a hot-rolled strip specification. 

Valves, Fittings, Piping and Flanges for 

Eigh-Temperatiwe Service: 

Reference has been made earlier in 
this report to the problem of graphitiza- 
tion of carbon-molybdenum pipe at 
temperatures above 900 to 925 F. New 
Tentative Specifications covering chro- 
mium-molybdenum pipe have been is- 
sued. This subcommittee is studying 
the effect of possible graphitization upon 
other materials and piping, including 
certain castings and forged fittings. 

The Tentative Specifications for Al- 
loy-Steel Bolting Materials for High- 
Temperature Service (A 193 - 45 T) 
have been studied, particularly for 
chemical composition of the various 
grades included, and the new require- 
ments include permissible variations on 


check analysis. This entails some more 
rigid restrictions on the ladle analysis 

limits. 

To clarify the intent that flanges must 
not be cut or machined from plate as 
made in accordance with the three fol- 
lowing specifications covering flange 
material for ' normal and , for ■ elevated 
temperature service, the section on 
manufacturing practice has been modi- 
fied. Specifications affected are A 181, 
A 182, and A 105. 

Subcommittee XXII and also Sub- 
committee IX on Pipe and Tubing were 
concerned with the use of deoxidized 
bessemer steel for service at elevated 
temperatures, particularly where some 
forming operations were involved. Sev- 
eral investigations were unxlertaken to 
evaluate this material, which is pro- 
duced in large tonnages, and so the 
results of the investigations will be 
available for future reference, it is hoped 
the material can be published in an en- 
suing report of Committee A-L 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, N. L. Mochel. 

Vice-Chairman, H. B. Oatley. 

Vice-Chairman, T. G. Stitt. 

Secretary, Henry Wysor.'*' 

This report has been submitted to 
letter ballot of the committee, which 
consists of 258 members; 215 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

N. L. Mochel, 
Chairman. 

R. J. Paiotek, 

Secretary. 

•^Appointed by Committee A- 1 in January, 1947. 



On Steel 


113 


Editoioal Note 


Subsequent to the Annual Meeting, Committee A-1 presented to the 
Society through the Administrative Committee on Standards the following 
recommendations: ■ 

Tentative Revision of Standard Specificaiions jor: 

Electric-Resistance-Welded and Open-Hearth Iron Boiler Tubes (A 178 - 44), 

Electric-Resistance-Welded Steel Heat-Exchanger and Condenser Tubes (A 214 - 44), 

Electric-Resistance-W elded Steel Boiler and Superheater Tubes for High-Pressure Service ( A 226 - 
44), 

Atomic-Hydrogen- Arc-Welded and Eiectric-Resistance-Welded Alloy-Steel Boiler and Superheater 
Tubes f A 249 -• 44), and 

Electric-Resistance-Welded Carbon-Molybdenum Alloy -Steel Boiler and Superheater Tubes 
(A 250 - 44). 

These recommendations were accepted by the Standards Committee on 
July 22, 1946, and the tentative revisions appear in the 1946 Book of A.S.T.M. 
Standards, Part I- A. 

The emergency provisions listed in Table I of the Report were discontinued 
by action of the Standards Committee on September 9, 1946. 

On January 14, 1947, the Administrative Committee on Standards accepted 
the recommendation of Committee A-1 that the following specifications and 
method of test be revised: 

Tentative Specificaiions for: 

Carbon* Chromium Ball and Roller-Bearing Steels (A 295 - 46 T). 

Tentative M ethod of: 

End-Quench Test for Hardenability of Steel (A 255 - 46 T). 

These revised tentatives appear in the 1946 Book of A.S.T.M. Standards, 
Part I-A bearing the designations indicated above. 

On February 3, 1947 the Administrative Committee on Standards approved 
the revisions submitted by Committee A-1 in the Tentative Specifications for 
Light Gage Structural Quality Flat Hot-Rolled Carbon Steel (0.2499 and 
0.1874 in. to 0.0478 in. in Thickness) (A 245 - 47 T), and the Tentative 
Specifications for Light Gage Structural Quality Flat Rolled Carbon Steel 
(0.0477 to 0.0225 in. in Thickness) (A 246-47 T). These revised tentative 
specifications have been issued separately in reprint form. 


APPENDIX 


RECOMMENDATIONS AFFFXTING STANDARDS ON STEEL 


In this Appendix recommendations 
are given affecting certain specifications, 
both standard and tentative, covering 


Standards, Part I, or. the 1945. Supple- 
ment, Part I, as indicated by the final 
number in the A.S.T.M. designation. 


TABLE I.-PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Specified Thickness, 
in. 


% to H, excl. . 
M to s/e, excl. . 
Hi to , 

M to Kfi, . 
U.to exd.. 
3^ to n, «xd. . 
54 to K, exd. . 
%to l,exd. , 
1 to 2, ind, . 


Permissible Excess in Average Weight of Lots® for Widths Given in Inches, 
Expressed in Percentage of Nominal Weights 


48 and 
under 

Over 48 
to 60, 
exd. 

60 to 

72 

exd. 

72 to 

84 

exd . 

84 to 
96 

excl. 

96 to 
108, 
e.xcl. 

108 to 
120, 
exd. 

120 to 
132, 
exd. 

132 to 
144, , 
excl. 

144 to 
168, 
excl. 


8 

9 

10 

12 

14 

16 

18 



6 

1 

8 

9 

10 

12 

14 

16 

19 


S 

6 

7 

8 

9 

10 

12 

14 

17 

18 

4.5 

5 , 

6 

7 

8 

9 

10 

12 

IS 

16 

4- i 

4,5 

S 

6 

7 

8 

9 

10 

13 

14 

4 

4 

4.5 

5 

6 

7 

8 

9 

11 

12 

4 

4 

' 4 

4.5 

5 

6 ! 

7 

8 

9 

10 

3.5 

4 

4 

4 

4.S 

5 

6 

7 

8 

9 

3.5 

3.5 

4. 

4 

4 

■4.5 

S 

6 

7 

8 


168 and 
over 


18 

16 

14 

12 . 

11 

9 


® The term “lot” means all the plates of each tabular width and thickness group represented in each shipment. 

Note l.~-Permissible variation under specified thickness, 0.01 in. 

Note ^."-Permissible variations in weight for single plates shall be iH times the amounts given in the table. 

Note 3.— Permissible overweight for circular and sketch plates shall be 25 per cent greater than the amount.^ given 
in the table. 

Note 4.— -The adopted standard density for rolled steel is 0.2833 lb. per cu. in. 

TABLE n.-PERMlSSIBLE VARIATIONS OF PLATES OimEREI) TO WEIGHT. 


Permissible Variation in Average Weight of Lots® for Widths Given in Inches, Expressed 
in Percentages of the Specified Weights (Pounds per Square Foot) 


Specified Weights, 
lb. per sq. ft. 

48 and 
under 

Over 

48 to 60 
exd. 

60 to 72, 
excl. 

72 to 84, 
excl. 

84 to 96, 
excl. 

96 to 
108, 
excl. 

108 to 
120, 
excl. 

120 to 
132, 
exd. 

132 to 
144. 
excl. 

144 to 
168, 
excl. 

168 and 
over 



M 


M 


i-i 






lU. 








t.* 


M 


u 




9 

•S 



(L> 



X) 


i 

w 

'I 


mi 

V 

1 


-XJ 


6 

ID 

O 

s 

O 


6 

s 

6 

!□ 

6 

ID 

6 

p 

6 


6 

s 

6 

p 

6 

tS 

7.6StolO, excl 



4.5 

3 

5 

3 

5.5 

3 

6 

3 













10 to 12.5, exd 

4 

3,' ' 

4.5 

3 

5 

3 

S.5 

3 

6 

3 

6.5 

3 

7 

3 

8 

3 

9 

3 





12.5 to 15, excL . .. 

4 

3 

4 

3 

4.5 

3 

5 

3 

5. 5 

3 

S.S 

3 

6 

3 

7.5 

3 

8 

3 





15 to 17.5, excl... .. . 

3.S 

3 

3.5 

3 

4 

3 

4.5 

3 

5 

3 

5 

3 

S.S 

3 

6 

3 

7 

3 

9 

3 

10 

3 

17.5 to 20, exd 

3.5 

2,5 

3.5 

2.5 

3.5 

3 

4 

3 

4.5 

3 

4.5 

3 

5, 

3 

5.5 

3 

6 

3 

8 

3 

9 

3 

20 to 25, exd 

3.5^ 

2,5! 

3.5 

2.5 

3.5 

3 

3.5 

3 

4 

3 

4 

3 

4.5 

3 1 

5 

3 

fi.S 

3 

7 

3 

8 

3 

25 to 30, excl 

3 i 

2.5, 

3.5 

2.5 

3.5 

2.5 

3.S 

3 

3.5 

3 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

'6.5 

”.3 

7 

3 

30 .to 40, exd 

3 ! 

2 1 

3 

2 

3 

2 

3 

2 

3.5 

2 

3,5 

2 

3.5 

2.5 

4 

3 

4.5 

■3 

6 

3 

6.5 

3 

40 to 81.6, inch .... 

2.5| 

2 'i 

3 

2 

3 

2 

3 

2 

3.5 

2 

3.5 

2 

3 

2.s: 

3.5 

3 

4 

‘ 3"' 

S.S 

3 

6 

^ .3 


® The term “lot” means all the plates of each tabular width and weight group represented in each shipment. 

Note 1.— Permissible variations in weight for single plates shall be times the amounts given in the table. 

Note 2.— Permissible overweight for circular and sketch plates shall be 25 per cent greater than the amounts given 
in the table. 

Note 3.— The adopted standard density for rolled steel is 0.2833 lb. per cu. in. 


various Steel products. These specifica- Immediate Adoption of Requirement 
tions appear in their present form in Stress Relieving Test Specimens,-^ 
either the 1944 Book of A.S.T.M. In the foEowing seven specifications for 
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plates for boilers and pressure vessels Revisions of Tentatives' 


insert a paragraph in the respective ' 
sections covering test specimenSj making 
the necessary editorial changes in the 
other paragraphs: 

A30 ~44 A204-44 

A 129 -^39 A 212 -44' 

A201-44 A225-44 

,;,A202-44 

This paragraph is to read as follows: 

When so specified on the purchase order with 
the mill, test specimens representing the plates 
shall be stress relieved at the mill at a tempera- 
ture of 1150 F. (or at a temperature otherwise 
agreed upon), tested, and the physical results 
reported in this condition. 

Immediate Adoption of Revised Per- 
missible Variations in Thickness and 
In the following 13 specifiica- 
tions revise the tables of permissible 
overweights of plates ordered to thick- 
ness, variations of plates ordered to 
weight, and variations over ordered 
thickness of plates over 2 in. in thickness 
to be in accordance with the accompany- 
ing Tables I, II, and III. 

Note. — Depending on the scope of the partic- 
ular specifications some of the tabular material 
will not apply and accordingly will be editorially 
revised. ' 

A 7 --42 A201-44 

A8 -39 A202-44 

A 30 -44 A 204 -44 

A94 -39 A212-44 

A 113-42 A225-44 

A 129-39 A 242-42 

A 131 -39 

Immediate Adoption of Revised Bend 
Test Procedure. — In the following six 
specifications revise the section on 
bend test procedure and the bend test 
requirement table to eliminate the use 
of the pin. 

: A 7-42 • A113-42 

A 8-39 A131-39 

A 94- 39 : A 242'- 42 


Tentative Specifications for Seamless 
Carbon-Steel Pipe for High-Tempera- 
ture Service (A 106- 45 T): 

Section l{a). — Change the second sen- 
tence to read as follows by the addition 
of the italicized words: ^Tipe ordered 
under these specifications is nominal 
(average) wall and shall be suitable for 
bending, flanging, and similar forming 
operations (see Explanatory Note 2),^^ 
Section 2(a). — ^Delete the phrase “sili- 
con killed” after the reference to grade 
B in the second line. 


TABLE Iir.-PER^IISSIBLE VARIATIONS OVER 
ORDERED THICKNESS OF PLATES OVER 
2 IN. IN THICKNESS. 


Specified Thickness, 
in. 

Variations over Specified Thick- 
ness For Widths Given, in. 

XJp 

to 

36, 

excl. 

36 

to 

60, 

excl. 

60 

to 

84, 

excl. 

84 

to 

120, 

excl. 

120 

to 

132. 

excl. 

132 

and 

over 

Over 2 to 3, excl 




34 

H 

% 

3 to 4, excl 

% 


% 

H 


% 

4 to 6, excl 

% 

34 

% 

% 



6 to 8, excl 

¥4 

34 

% 

*4 1 

“44 


8 to 10 excl. 


“44 

’4 

Hs i 



10 to 12 excl 

... 

!4 

“4 

% 




Note 1. — Permissible variation under specified thick- 
ness, 0.01 in. 


Table I. — ^Delete the phrase “silicon 
killed” after “Grade B” in the heading 
for column 3. Change the maximum 
carbon content requirement for grade 
B from the present “0.35” to “0.30” per 
cent and add a minimum silicon content 
requirement of “0.10” for grade A. 

Section 7. — Change the value in the 
flattening test formula for the constant 
e for grade A from the present “0.09” 
to “0.08.” 

Table II. — ^At the end of this, table 
add the following note: 

Note. — ^T he above table gives the computed 
minimum elongation values for each A in, de- 
crease in wall thickness. Where the wall thick- 
ness lies between two values shown above, the 
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mininmm elongation value shall be determined 


by : the following formula; 


Grade 

Direction of Test 

Formula 

.. A . 

Longitudinal. 

, JS= 56<+ 17.50 

A 

Transverse 

. E = 40/ + 12.50 

B 

Longitudinal. 

. £ = 48/ + 15.00 

B 

Transverse 

. £ = 32/ + 6.50 


Appendix II to read as shown in the 
accompanying Table IV« 

Tentative Specifications for Seamless 
Alloy-Steel Pipe, for High-Tempera- 
ture Service (A 158 -* 44 T): 


where: 

E = elongation in 2 in. in per cent, and 
i; =s actual thickness of specimen, in inches. 


Table I.— To bring the manganese 
ranges in line with manufacturers^ 
practices and A.I.S.I. compositions, in 


TABLE IV.-TABLE, OF MINIMUM WALL THICKNESSES ON INSPECTION FOR NOMINAL 
(AVERAGE) PIPE WALL THICKNESSES. 


Note l.—The following formula, upon which this table is based, may be applied to calculate minimum wall thick - 
aess from nominal (average) wall thickness: 

X 0.875 = 

where: , 

« nominal (average) wall thickness in inches, and 
Iki = minimum wall thickness in inches. 

The wall thickness is expressed to three decimal places, the fourth decimal place being carried forward or dropped, in 
accordance with the Tentative Recommended Practices for Designation of Numerical Requirements in Standards (A. 
S;r.M. Designation: E 29), 

Note 2.— -This table is a master table covering wall thicknesses available in the purchase of different classifications 
of pipe, but it is not meant to imply that all of the walls listed therein are obtainable under this specification. 


Nominal (Average) 
Thickness {tn)» in. 

Minimum 
Thickness on 
Inspection 
(/w), in. 

Nominal (Average) 
Thickness (fn)* in. 

Minimum 
Thickness on 
Inspection 
dm), in. 

Nominal (Average) 
Thickness (^n), in. 

Minimum 
Thickness on 
Inspection 
Qm,)^ in. 

0.068 

0.060 

0.279 

0.244 

0.600 

0..525 

0.088 

0.077 

0.280 

0.245 

0.625 

0.547 

0.091.... 

0.080 

0.281 

0.246 

0.656 

0,574 

0.095 

0.083 

0.294 

0.257 

0.674 

0..590 

0.113 

0.099 

0.300 

0.262 

0.687 

0.601 

0.119,.,. 

0.104 

0.307 

0.269 

0.718 

(L628 

0.125 

0,109 

0.308, 

0.270 

0.750 

0.656 

0.126 

0.110 

0.312 

0.273 

0.812 

0.710 

0,133 

0.U6 

0.318 

0.278 

0.843 

0.73« 

0.140.... 

0.122 

0.322 

0.282 

0.864 

0.756 

0.145 

0.127 

0.330 

0.289 

0.875 

0.766 

0.147 

0,129 

0.337 

0.295 

0,906. 

0.793 

0.154 

0.135 

0.343 

0.300 

0.937 

0,820 

0.156 

0.136 

0.344 

0.301 

1.000. 

0.875 

0.179 

0,157 

0.358 

0.313 

1.031 

0.902 

0.187 

0.164 

0.365 

0,319 

1.062 

0.929 

0.188 

0.164 

0.375, 

0.328 

1.125 

0.984 

0.191 

0.167 

0.382. 

0.334 

1.156 

1.012 

0'i200 

0,175 

0,400 

0.3.50 

1.218 

1.066 

0.203 

0.178 

0.406 

0.355 

1.2,50 

1.094 

0.216. 

0.189 

0.432. 

0..378 

1.312 

1,148 

0.218 

0.191 

0.436 

0.382 

1.343 

1.175 

0,219 ' 

0.192 

0.437 

0.382 

1.406 

1.230 

0.226..... 

0.198 

0.438 

0.383 

1.437 

1.257 

0.237 

0.207 

O.SOO..., 

0.438 

l.SQO 

1.312 

0.250 

0.219 

0.531 

0.465 

1.562 

1,367 

0.258 

0.226 

0.552 

0.483 

1,750 

1.531 

0.276...... 

0,242 

0.562... 

0.492 



0.277....... 

0.242 

0.593. 

0.519 




Section 13 . — ^Add a note at the end of 
this section to read as follows: ^The 
minimum wall thickness on inspection 
is shown in Table V (Appendix II)/’ 
Table IV {Appendix I ). — Enter re- 
calculated values in column 5 for grade 
A due to the change in the constant e 
in the flattening test formula. 

New Table:— Add d. new Table V as 


grades P Sa, P Sb and P 5c change the 
required manganese content from the 
present ^^0.50 max.” to read ^^0.30 to 
0.60” per cent 

In grades' P . 3a and P 11 change .the 
required maxim,um .phosphorus content 
from the present *^0.04” to read ^^0.03” 
per cent a.nd\ change the required maxi- 
mum sulfur content from the present 


Recommendations Aeeecting Standards on Steel 


117 


to read ^^0,03^Vper cent; also 
change the required manganese content 
of grade P :3a from the present ^,^0.40 
to 0.60^^ to read /^0.30 to 0.60’^ per cent. 

In this: same table, add two new 
grades, a 7 per, cent chromium and a 9 
per cent chromium, which had appeared 
on EA " 158a, with chemical require- 
ments to read as follows: 



P16 

7 per cent 
Chromium 

P 17 

9 per cent 
Chromium 

Carbon, max., per cent 

Manganese, per cent 

Phosphorus, max., per cent' 

Sulfur, max., per cent 

Silicon, per cent 

0,15 

0.30 to 0.60 
0.03 

0.03 

0.50 to 1.00 

0.15 

0.30 to 0.60 
0.03 

0.03 

0.50 to 1.00 

Nickel, per cent 

Chromium, per cent 

6.00 to 8,00 
0.45 to 0.65 

8.00 to 10.00 
0.90 to 1.10 

Molybdenum, per cent. . . 


Section 7(5). — Change the first sen- 
tence to read as follows by the addition 
of the italicized words: ^^These speci- 
fications cover nominal {average) wall 
seamless alloy-steel pipe intended for 
high-temperature service.^’ 

Table II . — Add the same note to Table 
II as recommended above for Table II 
in Specifications A 106, the formulas to 
read as follows: 

Grade Direction of Test Formula 

Ferritic Longitudinal jS — 48i! -f 15.00 
Ferritic Transverse E = 32/ -f 10.00 
Austenitic Longitudinal E = 80/ + 25.00 
Austenitic Longitudinal E = 64/ -j- 20.00 

Section 16 . — Add a note at the end of 
this section to read as follows: ^‘Note. — 
The minimum wall thickness on inspec- 
tion is shown in Table III (Appendix 
II)/^ 

New Table . — ^Add a new Table III as 
Appendix II to read as shown in the 
accompanying Table IV, 

Tentative Specifications for Alloy-Steel 

Bolting Materials for High-Tempera- 
ture Service (A 193 - 45 T): 

Section 1.— Add a new Paragraph {c) 
to read as follows, relettering the present 
.Paragraph^ (c) as {d)i 


ic) To meet the requirements of grades BA, 
BB and BC, the following types of alloy steel 
may be submitted: nickel, chromram-nickelj 
chromium - vanadium, chromium - manganese, 
chromium - molybdenum, nickel - chromium - 
molybdenum, or any other types approved by 
the purchaser* 

Table I . — Change the chemical 
composition requirements for grade B7a 
(chromium-high molybdenum) to read 
as prescribed in the following table: 



Present 

Revised 


Values 

Values 

Carbon, per cent 

0.3S to 0.45 

0.35 to 0.50 

Manganese, per cent 

0.60 to 0.90 

0.70 to 1.00 

Phosphorus, max., per cent. 

0.04 

0.04 

Sulfur, max., per cent 

0.05 

o.os 

Silicon, per cent.,.. . . . . . . . 

O.IS to 0.30 

0.18 to 0.37 

Nickel, per cent 



Chromium, per cent 

0.80 to 1.10 

0.75 'to 1.15 

Molybdenum, per cent .... 

0.45 to 0.65 

0.45 to 0.65 

Tungsten, per cent. 



Va.Tia.rlinim, per rent 







Also add requirements for check 
variations to Table I so that the revised 
table will read as shown in the accom- 
panying Table V. 


Table II . — Change the tensile require- 
ments for grade B7a (chromium-high 
molybdenum) to read as follows: 


Diameter, in. 

Mini- 

mum 

Tem- 

per- 

ing 

Tem- 

pera- 

ture, 

deg. 

Fahr. 

Tensile Strength, 
min., psi. 

Yield 

Point, 

min., 

psi. 

Elon- 

ga- 

tion 

in 

2 in., 
min., 
per 
cent 

Re- 

duc- 

tion 

of 

Area, 

min., 

per 

cent 

( 

1000 

140 000 

120 OOO! 

15 

45 

2| and under j 

1100 

135 000 

115 OOO 

15 

50 


1200 

125 000 

105 OOO 

16 ! 

5® 

f 

1000 

130 000 

no 000 

IS 

45 

Over 2| to 4, incl.j 

1100 

125 OOO 

105 noo 

15 -i 

50 

1 

1200 

115 OOO 

95 000 

16 ' ! 

55' 


Revise the requirements for grades 
BA, BB and BC in Table II to read as 
shown in the accompaning Table V-A. 


Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel Pipe 
for High-Temperature Service (A 206 

-44 T): 

Section i((z)— Change the first sen- 


TABLE V.-CHEMICAL COMPOSITION. 




Ferritic Steels 

Ideatlficatlon SymM . 

BA 

BB 

. BC, .. 


Range 

Check 

Variation, 

Ovei^ 

Range 

Check 

Variation, 

Ovei^ 

Range . 

Check 

Variation, 

Over* 

PhosphoraSj max., per cent. , 
Sulfur, max., per cent 

0.04 

0.04 

0.005 

O.OOS 

0.04 

0.04 

O.OOS 

O.OOS 

0.04 

0.04 

0.005 

0.005 

Type...... 

Ferritic Steels 

Identification Symbol 

B4 

B5 

. , B6 ■ 

Grade. — .... 

Nickel-Chromium- 

Molybdenuin 

S per cent Chromium 
(A.I.S.I. Type 501 Modified) 

12 per cent Chromium 
(A.I.S.I. Type 416) 


Range 

Check 
Variation, 
Over or 
Under*!^ 

Range 

Check 
Variation, 
Over or 
Under‘S 

Range 

Check 
Variation, 
Over or 
Under* 

Carbon, per cent 

Manganese, per cent 

Phosphorus, max., per cent . . 

Sulfur, max., per cent 

Silicon, per cent 

Nickel, per cent 

Chromium, per cent 

Molybdenum, per cent.. ..... 

Tungsten, per cent 

Vanadium, per cent 

Selenium, per cent 

Zirconium, per cent 

0.38 to 0.45 
0.55 to.0.75 
0.04 

0,04 

0.20 to 0.35 
1.60 to 1.95 
O.SS to 0.75 
0.30 to 0.40 

0.02 

0.03 

0,005 over 
0.005 over 
0.02 

0.05 

0.03 

0.02 

0.10 to 0.30 
0.30 to 0.60 
0,04 

0.03 

0.30 to 0.60 

4.00 to *6.00 
0.45 to 0.65 

0.02 

0.03 

O.OOS over 
0.005 over 
0.05 

o’.io 

O.OS 

0.15 max* 
1.25 max. 
0.14f‘/ . 

0.5q6, d, f 

0.30 to 0.60 

12. Oo'td *14.00 

e 

O.SOmaxh ^ 
e 

0.01 over 
0.04 over 
a 

a 

0.05 

OAS 

0.03 over 

0.03 over 

IVpe 

Ferritic Steels 

Identification Symbol 

B7 

B7a 

Bll 

Grade 

Ch romium-Molybdenum 
(A.I.S.I. 4140 or 4142) 

Chromium-High 

Molybdenum 

Tungsten-Chromium- 

Vanadium 


Range 

Check 
Variation, 
Over or 
Undet« 

Range 

Check 
Variation, 
Over or 
Under* 

Range 

'Check 
Variation, 
Over or 
Under* 

Carbon, per cent 

Manganese, per cent 

Phosphorus, max., per cent . , 

Sulfur, max., per cent 

Silicon, per cent 

Nickel, per cent 

Chromium, per cent 

Molybdenum, per cent 

Tungsten, per cent 

Vanadium, per cent 

Selenium, per cent 

Zirconium, per cent 

0.38 to 0.45 
0.75 to 1.00 
0.04 

0.04 

0.20 to 0.35 

0,80* to *1.10 
0.15 to 0.25 

0.02 

0.04 

O.OOS over 
O.OOS over 
0.02 

o'.os 

0.02 

0.38 to 0.45 
0.75 to 1,00 
0.04 

0.04 

0.20 to 0.35 

0.80 to *1,10 
0.50 to 0.70 

0.02 

0.04 

0.005 over 
O.OOS over 
0.02 

o‘.6s 

O.OS 

0,41 to 0.48 
0.25 to 0.40 
0,04 

0.04 

0.29 to 0,35 

1 . oo'td 1.50 

1.70‘td*2.30 
0.20 to 0.30 

0.02 

0.03 

O.OOS over 
O.OOS over 
0.02 

OM . 

d'.id 

0.03 

'Ofpe.. ■•••• 

Ferritic Steels 

Identification Symbol ....... 

Bi2 

B13 

BH .- ■ 

■Grade......*..,.., 

Nickel-Chromium 
(A.I.S.1. 3140) 

Tungsten-Molybdenum- 

Chromium 

Chromium-Molybdenum- 

Vanadliim 


Range 

Check 
Variation, 
Over or 
Under*' 

Range 

Check 
Variation, 
Over or 
Under* 

B 

Check 
Variation, 
Over or 
Under* 

Carbon, per cent* * . . . . . . . , . . 

Manganese, per cent; ^ 
Phosphorus, max*, per cent . . 
Sulfur, max., per cent ..... . . 

Silicon, per cent. , 

Nickel, per cent 

Chromium, per cent. . .. . , . . . 

Molybdenum, per cent, 
Tungsten, per cent. ........ .. 

Vanadium, per cent. . ........ 

0.38 to 0.45 
0.70 to 0.90 
0.04 

0.04 

0.20 to 0.35 
1.10 to 1*40 
O.SS to 0.75 

0.02 

0.03 

0,005 over 
0.005 over 
0.02 

O.OS 

0.03 

0.38 to 0.45 
0.75 to 1,00 
0.04 

0.04 

0.20 to 0.35 

0.50 to 0.70 
0.45 to 0.65 
0.85 to 1.35 

0.02 

0.04 

O.OOS over 
0.005 over 
.0.02. 

0.05 

0.10 

0.41 to 0.48 . 
0..4S to 0.6S 
0.04 

0.04 

0.20 to 0.35 

O.SO'td 1.10 . 
0,30 to 0.40 

o.2o’tdd.3o : 

0.02 ' 
0.03 

0.005 over 
0,005 over 
0.02 

ms 

0.02 

olds 


-tiQ 








Recommendations Affecting Standards on Steel 


119 


TABLE V.— CHEMICAL COMPOSITION-C«.«»««i. 


Type...........' 

Ferritic Steels 


Austenitic Steels 


Identification Symbol — ... 

. B15 ■ ■ 

B8 


. , B8F° . 

Grade. 

Silicon -Chromium- 
Molybdenum 

Stabilized > 
18 Chromium- I 
8 Nickel > 

A.I.S.I. \ 

Types 1 
^321 or 347/ 

Free Machining /A.I.SJ.X 
IS Chromium- I Type I 
8- Nickel • \ 303, ; / 


Range 

Check 
Variation, 
Over or 
XJnder^ 

. 

Range 

Check 
Variation, 
Over or 
Under® 

.Range ' 

Check 
Variation 
Over or 
„ Under® ' 

Carbon, per cent. — 

0.41 to 0.48 

0.02 

0,10 max. 

0.01 over 

0.08 max. 

0.01 over 

Manganese, per cent — . — 

0.45 to 0.65 

0.03 

2.00 max. 

0.04 over 

2.00 max. 

0.04 over 

Phosphorus, max., per cent. . 

0.04 

0.005 over 

0.04 

0.005 over 

0.14'^’ { ■ 

a 

Sulfur, max., per cent. 

Silicon, per cent.. . ...... — 

0.04 

0.005 over 

0.03 

0.005 over 

0.50^’ ^ 


O.SS to 0.75 

0.05 

1.00 max.; 

0.05 over ! 

1.00 max. 

0.05 over 

Nickel, per cent ... — 



8.00 to 12.00 

■0.15 i 

8.00 to 10.00 

0.10 

Chromium, per cent 

Molybdenum, per cent. . ..... 

1.00 to 1.50 

6.05 . 

17.00 to 19.00 

0.20 ’ 

17,. 00 to 19.00 

0.20 

0.40 to 0.60 

0.03 

r 




Tungsten, per cent 

Vanadium, per cent.... 





O.SO^-*^ , , 


Selenium, per cent 



5 X carbon , 


0.03 over 

Titanium, per cent ........... 



0.05 over 



Columbiiim, per cent . 



content, min.^ 
10 X carbon 

0.05 over ' 



Zirconium, per cent 



content, min.® 


i . 



“ Sulfurizcd or [iliosphorwed steels are not subject to check analysis, unless misapplication is clearly indicated. 

Eitlicr clemeat shall iie used as specified. 

<■ Not reconunended for temperatures, over SOO F, 

sulfur is udd.ed for machinability, phosphorus shall not exceed 0.04 per cent. 

IMolylidcnum., }.»]us /.irconiura, shall not exceed 0.60 per cent. 

Pliosphoriis and-'or sulfur and/or selenium shall total not less than 0.07 per cent. 

^ Unless otlicrwise specUied, separate determinations may vary from the specified ranges, except that elements m any 
melt must not vary both abo\’e and below the specified range. 

TABLE V-A. 


, . ■ Grade 

Diameter, in. 

Minimum 

Temper- 

ing 

Tempera- 

ture, 

deg. Fahr, 

i ■ . ■ 

Tensile 

■Strength, 

min., 

psi. 

Yield 

Point, 

min.., 

.psi* 

Elonga- 1 
tion in 1 
I' ■ 2 in., ■ . 
i .min., 

1 per cent 

Reduction 
of Area, 
min,, 
per cent 

■RA . J 

and under. 

1200 ^ 

95 000 

70 000 

20 

SO 


Over 2^4 to 4, incl. 

1200 

90 000 

65 000 I 

20 

SO 


and under 

1100 

105 000 

80 000 

20 

so 

RR . 1 

Over 2H to 4, incl. . ....... 

1100 

100 000 

75 000 

,20 

50 

RT f 

25^2 and under 

1000 

125 000 

105 000 

16 

50 


Over 234 to 4, incl.. 

1000 

115 000 

95 000 

16 

45 


tence to read as follows by the addition 
of the italicized words: “These specifica-' 
tions cover nominal {amrage) ziya/T seam- 
less carboii", molybdenum alloy-steel pipe 
intended for high-temperature service.’’ 

, , Section 5 .- — Change the required man-' 
ganese content from the present range 
of “0.30 to 0.60” to read “’0.30 to 0.80” 
per ceiitj thus providing' a wider range 
of manganese to. bring the composition 
in. line with the 'A.I.S.I. requirements. 

Table I.— Add the same note at the 
end of this.' table as .recommended. above' 


for. 'Table II in Specifications A 106- 45 
T, the formulas to read as follows: 

Direction of Test Formula 

Longitudinal . . — 48^ 4- 15 .00 

Transverse 32^ 10.00 

Section 17.— Add a note at the end of 
this section to read as follows: “Note. — 
The .minimum wall thickness on inspec- 
tion is shown in Table II (Appendix 

III).” 

New Add a new. Table II as 

Appendix III to read as shown in the 
accompanying Table IV. 
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Tentative Specifications for Alloy-Steel 
Castings Suitable for Fusion Welding 
for High -Temperature Service (A 217 
"-44, T>:: . 

Section 5 ~Tn Paragraph (a) add 
chemical composition requirements for a 
new grade WC3 and revise the require- 
ments for the present grade WC4 as 
follows: 



Grade WC3 

Grade WC4 
Revised 

Grade WC4 
Present 

Carbon, per cent . . 

0.30° max. 

0.30° max. 

0.20 to 0.30 

Manganese, per 

0.70° max. 

0-70° max. 

0.40 to 0,70 

cent, 

Phosphorus, max., 

0,05 

O.OS 

0.05 

per cent ' 

Sulfur, max., per 



0.06 

cent 

0.06 

0,06 

Silicon, per cent. . 

0.60 max. 

0.60 max. 

0.25 to 0.55 

Nickel, per cent . . 


0.7S to 1.05 

0.75 to l.OS 

Chromium, per 



0.40 to 0.70 

cent 

0.40 to 0.70 

0.40 to 0.70^ 

Molybdenum, per 



0.30 to 0.45 

cent 

0.40 to 0.60 

0.40 to 0.60 


** In the case of grades WC1,WC2,WC3, andWC4, for 
each reduction of 0.01 per cent below the specified maxi- 
mum carbon content, an increase of 0.04 per cent manga- 
nese above the specified maximum will be permitted up to 
a maximum of 1.10 i>er cent. 

In Paragraph (6) in the table giving 
the unspecified alloying elements, add a 
new grade WCv3, with restrictions as 
follows: 

Grade WC3 


Copper, max., per cent 0 . 2sS 

Nickel, max., per cent 0,50 

Tungsten, max,, per cent 0.10 

Total content of these unspecified 
elements, max., per cent. 1.00 


Section 8 (a).— Add a new grade WCv3 
with the following requirements as to 
tensile properties: 

Grade WC3 


Tensile strength, min., psi. 70 000 

Yield point, min., psi. ... 45 000 

Elongation in 2 in., min., per cent. . 22 

Reduction of area, min., per cent. . . 35 


Tentative Specifications for Seamless 
Austenitic Chromium-Nickel Steel 
Still Tubes for Refinery Service (A 
271-44 T): 

Section I , — Change the first sentence 
in Paragraph (a) to read as follows by 


deleting the words in brackets: “These 
specifications cover three grades of seam- 
less austenitic chromium-nickel steel 
still ^tubes from' 2 to 7| in. in outside 
diameter and greater than 0.220 in. in 
minimum, [or i in. average] wall thick- 
ness/^ 

Change the first sentence, in .Para- 
graph (c) to read as follows, by deleting 
the words in brackets: “In specifying 
dimensions the purchaser shall specify 
[either] the outside diameter and mini- 
mum wall thickness [or the outside 
diameter and average wall thicknessj,” 
Table J. — Insert the letters “TF^ 
before the identification symbol num- 
bers 304, 321, and 347. 

Tables //, III and /F.— Delete the 
requirements for average wall thickness 
from tliese tables. 

Tentative Specifications for Seamless 
Chromium - Molybdenum Alloy - 
Steel Pipe for Service at High Tem- 
peratures (A 280 - 46 T) : 

Section 1 {a ). — -Revise the first sentence 
to read as follows by the addition of the 
italicized words: “These specifications 
cover nominal {average) wall seamless 
chromium-molybdenum alloy-steel pipe 
intended for service at high temperatures 
in the sizes and wall thicknesses shown 
in the Appendix/’’ 

Table /.—Add the same note to Table 
I as recommended above for Table II 
in Specifications A 106 - 45 T, the for- 
mulas to read as follows: 

Direction of Test Formula 

Longitudinal E == 48^ -f 15.00 

. Transverse = 32^ -j- 10.00 

Section 77— Add a note at the end of 
this' .section to. read '■■■■. as', folb'ws':'' “The 
. minimum wall thickness, ■ on,, ;inspection, 
is shown in Table.' 11 (Appendix. II).’’’ 

, , Nm) Table— k6A a , new. , Table ,II .as 
Appendix II to read as shown in the 
accompanying Table IV* 



Ill' 


RecommenbItions Aimermo Stakdakds on Steel 


Tentative Specifications for MM- to 
Medium - Strength Carbon - "Steel 
Castings for General Application (A 
281-45 T): 

Serial Designation . — Reassign the for- 
mer A.S.T.M, designation A 27. 

Table JI.— After the yield point re- 
quirement of 35,000 psi. for grade 65- 
35 insert a reference to footnote 
and add the following footnote at the 
bottom of the table: 

When agreed upon by the manufacturer and 
the purchaser, and when full annealing is re- 
quired by the purchaser, the yield point value of 
the 65-35 class shall be 33,000 psi. instead of 
35,000 psi. 

Tentative Specifications for High - 
Strength Steel Castings for Structural 
Purposes (A 282.- 45 T): 

Serial Designation . — Reassign the for- 
mer A.S.T.M. designation A 148. 

Table JJ— Change the values for re- 
duction of area for grades 120-100 and 
ISO-125 from their present values of 
*‘35” and “25^’, to read “30’’ and “22” 
per cent, respectively.. 

Tentative Revisions of 
Standards 

Standard Specifications for Steel Music 
Spring Wire (A 228 -41): 

Table I . — In order to present a more 
rational set of tensile values for the large 
number of wire sizes covered in these 
specifications, change the present values 
for tensile strength to read as prescribed 
in the accompanying Table VI. 

' Adoption of Tentative' as . 

Standard ■ 

The committee recommends that these 
specifications, revised as follows, be 
approved for reference to letter ballot 
of the Society for adoption as standard: 


Tentative Specifications for Heat - 
Treated Carbon - and Alloy « Steel 
Track Bolts and Huts (A 183 -40 T): 

Section Change to read as fol- 

lows: 

(6) Carbon and manganese determinations 
shall be made of each blow of bessemer steel, 


TABLE VI.-TENSILE REQUIREMENTS. 


Diameter, 

in. 

Present 

Values 

Revised 

Values 


Min. 

Max. 

Min. 

'Max. 

0.004 

390 000 

440 OOO 

439 OOO 

485 000 

0.005 

380 000 

430 000 

426 000 

471 OOO 

0.006 

370 000 

415 000 

415 000 

459 000 

0.007 

364 000 

409 000 

407 000 

449000 

0.008 

362 000 

407 000 

399 000 

441 000 

0.009 

360 000 

405 000 

393 000 

434 000 

0.010 

358 000 

398 000 

387 000 

428 000 

0.011 

357 000 

397 000 

382 000 

422 000 

0.012 

356 000 

396000 

377 000 ’ 

417 OOO 

0.013 

355 000 

395 000 

373 000 

412 000 

0.014 

354 000 

394000 

369 000 

408 000 

0.015 

353 000 

388 000 

365 000 

404 000 

0.016 

352 000 

387 000 

362 000 

400 000 

0.018 

350 000 

385 000 

356 000 

393 000 

0.020 

348 000 

383 000 

350 000 

387 000 

0.022 

346 000 

381 000 

345 000 

382 000 

0.024 

344 000 

379 000 

341 000 

, 377 000 

0.026 

342 000 

377 000 

337 000 

373 000 

0.028 

1 341 000 

376 000 

333 OOO 

368 OOO 

0.030 

339 000 

374 000 

330 000 

365 OOO 

0.032 

337 000 

367 000 

327 000 

361000 

0.034 

335 000 

365 000 

324 000 

358 000 

0.036 

333 000 

363 000 

321 OOO 

355 000 

0.038 ' 

332 000 

362 000 

318 000 

352 000 

0.040 1 

330 000 

360 000 

315 000 

349 000 

0.042 

328 000 

358 000 

1 313 000 

346 000 

0.045 

325 000 

355 000 

309 OOO ^ 

342 OCO 

0.048 

323 000 

353 000 

306 000 

339 000 

0.051 

319 000 

349 000 

303 OOO 

335 OOO 

0.055 

315 000 

345 000 

300 000 

331 OCO 

0.059 

311 000 

341 000 

296 000 

327 000 

0.063 

307 000 

337 000 

293 OOO 

324 000 

0.067 

303 000 

333 000 ; 

290 000 

321 OOO 

0.072 

300 000 

330 000 

287 OOO 

317000 

0.076 

296 000 

326000 

284 000 

314 OOO 

0.080 

293 000 

323 000 

282 000 

312 OOO 

0.085 

289 000 

319 000 

279 000 

308 000 

0.090 

285 000 

315 000 

276000 

305 000 

0.095 

282 000 

312 000 

274 000 

303 000 

0.100 



271 000 

300 OOO 

0.102 

278 000 

308000 

270000 

299 000 

0.107 

275 000 

305 000 

268 000 

296 000 

0.110 



267 OOO 

295 000 

0.112 

273 000 

303 000 

266 000 

294 000 

0.121 

268 000 

298 000 

263 000 

290 000 

0.125 

267 OOO 

297 000 

261 000 

288 000 

0.130 

265 000 

295 000 

259 000 

286 000 

0.135 

263 000 

293 000 

258 000 

285 OOO 

0.140 

261 000 

291000 

256000 

283 OOO 

0.145 

259 000 

289 000 

254 000 

281 OOO 

0.150 

257 000 

287 000 

253 000 

279 OOO 

0456 

255 000 

285 OOO 

251 OOO 

277 000 
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and determinations for phosphorus and sulfur 
of each blow of bessemer free-cutting and sul- 
furized nut steel For other grades of bessemer 
steel, determinations for phosphorus and sulfur 
shall be made at intervals not greater than each 
ten blows, and the next previous determination 
may be reported. 

■ ^Section from its present 

form to read as follows: 

14. The threads on bolts may be rolled or 
cut. The threads on bolts and nuts shall con- 
form to the American National form of thread 
as shown on page 12 of the American Standard 
for Screw Threads, (A.S.A. No.; Bl.1-1935). 
Either a free or wrench turn fit shall be fur- 
nished at the option of the purchaser in accord- 
ance with the following provisions: 

{a) Fw Ff/.— The threads of the bolts and 
nuts shall conform as nearly as practicable to 
the American Standard limits for tolerance 
prescribed for the Coarse Thread Series — Free 
Fit (Class 2) Screws and Coarse Thread Series- 
Free, Fit (Class 2) Nuts. 

(&) Wrench Turn FiL—Tht nut shall have a 
free fit for at least two threads in starting on the 
holt and wdien fully engaged and for the re- 
mainder of the screw length shall show the fol- 
lowing minimum and maximum resistance to 
turning as expressed pounds of pull applied 
to the end of a 24-in. wrench: 

Resistance, lb. 

Min. Max. 

Regular nuts (Section 3(6)) ... 5 45 

High-strength nuts (Section 

3(0). 5 55 

Before packing, nuts shall be screwed on the 
bolts enough turns to hold them in place until 
used. 

Revisions of Standards, Immediate 
Adoption 

Standard Specifications for Open-Hearth 
' Carbon-Steel Rails (A 1 - 39) : 

Section 1.— Change from its present 
form to read as follows: 

1. These specifications cover open-hearth 
carbon-steel standard Tee rails -of nominal 
w'eights of 61 lb. per yd, and over. Under 
special arrangement between the purchaser and 
the manufacturer, rails of nominal weights of 
SO to 60 lb. per yd. may be furnished to the 
requirements of these specifications for rails of 
61 to 69 lb. per yd. except as provided in Section 
11(a). 


■ ■ Section J.— In Paragraph - (a), ' seco]Q,d 
, sentence, delete .the words ^^.dead set- 
ting.’^ Omit lAa,ragrapli (6). - 

Section '4.— Change from its;,. present 
form to read as follows by the addition 
of the italicized words and, the omission 
of those in brackets: ,^^4%. A, siiflkient 
discard shall be made .from each ingot 
to secure freedom from, injurious [piping 
and undue segregdition] segregaMon and 
pipeJ^ 

Table /.—Add thp w^ord “nominar^ 
before the heading “Weight, lb. per yd.^^ 
Change the present column heading giv- 
ing weight in pound per yard of 50-69 
to read “61-69^^ with the carbon con- 
tent to read “0.55 to 0.68 per cenld^ 
Change the heading “ 121 - 140 ” to read 
“121 and over.’’ Change from three 
groupings of chemistry for rails 70 to 
120 lb. per ycL, to two groupings with 
changes in carbon and manganese re- 
quirements as foliow\s: 


P RE s F.N'r Rkq in R i; nt e n'fs 



70-84 

85-100 

101 IJO 

Carbon, per cent , , 

0.53 to 0.70 

0.04 to 0.77 

0.67 to 0.80 

Manganese, per 


1 : 


cent i 

0.60 to 0.90 

0.60 to 0.90 

0.70 to 1.00 


PitoposEi) Revised Requirementb 



■ 70-90 

91-120 

Carbon, per cent. . 
Manganese, per 

0.64 to 0.77 

0.67 to 0.80 

cent 

0.60 to 0.90 

0.70 to 1 00 


Section 6 and Fig, i.— Delete , Pa,ra- 
graph (b) from the specifications, and 
also delete Fig. 1. 

Section 7 , — Change the first .sentence 
to read as follows' by theaddition, of .the 
italicized words and the , omission of 
those in brackets: “Separate , analyses 
shall be made. by the manufacturer irom 
drillings taken from test: ingots repre- 
senting [the second and .one of the .last 
full ingots] one of the first three and one 
of the last three applied full ingots of the 
heat- .to , de.termine the percentages of 
carbon and manganese.’ ' 
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Section 10 (d ). — "Change this para- 
graph to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: ^^(d) The supports 
for the test specimens shall be a part of, 
or firmly secured, to, the anvil. These 
supports , shall be spaced 3 ft. between 
centers for rails under 106 lb. per yd. and 
■[4. ft., for rails' over 106 lb. per yd. in 
weight] /or section 106 lb. to 140 lb. 
per yd. it shall be 4 ft. For sections over 
140 lb. per yd. it shall be 4 ft. 8 in. 

Section 11 . — In Paragraph {a) under 
the heading ‘Weight of Rail, lb. per 
yd.^’ change the last listing from the 
present “121 to 140, incl.^^ to read “121 
and over.” 

The first line in the Table giving 
Height of Drop, ft., for the SO to 604b. 
rails, inch, is to be placed in parentheses 
with a footnote reading as follows: 
“This requirement applies under the 
arrangement referred to in Section 1.” 

Section iJ.™- "Reletter as Paragraph 
(a) and add a new Paragraph (&) to 
read as follows: 

(b) When specified, a progressive all ingot 
nick and break test with elimination of X-Rays 
shall be performed as follows; 

(1) A test specimen representing the top end 
of the top rail from each ingot of each heat 
rolled, which has passed the requirements pre- 
scribed in Section 1.1, shall be nicked and broken 
to determine whether the interior metal is sound. 
If an interior defect shows on the fracture, the 
top end of the top rail shall be nicked and broken 
back. If a fracture free from interior defect is 
reached at a point permitting the rail to be 
finished to an acceptable length, the rail and the 
following rails of the ingot shall be accepted. 
If not, the rail shall be rejected and a test speci- 
men cut from its bottom end to represent the 
second rail of the ingot. The second and suc- 
ceeding rails shall be tested in the same manner. 

(2) The nick and break tests on the top end 
of the rails shall be made at increments at the 
option of the manufacturer and, if necessary, in 
order to obtain a fracture free from interior 
defects, the tests shall be carried to the point 
where the finished rail will be of minimum ac- 
ceptable length. 


(J) An interior defect shall be interpreted to 
mean seams, laminations, cavities, interposed 
foreign matter, or a distinctly bright or fine- 
-grained structure made visible by the destruction 
Test. 

(4) Short rails produced under this procedure 
shall be excluded from consideration in the 
limiting percentages of Section 15. 

Section 15 . — Delete this section from 
the specifications renumbering the subse- 
quent sections accordingly. 

Section 20 . — Add a new third sen- 
tence to Paragraph (a) to read as follows: 
“Auxiliary supports at less than 60 in. 
may be used for straightening the ends 
of rails.” Also, in the last sentence of 
this paragraph after “1/32 in.” add the 
phrase ^‘(3/64 in. for 140-lb. rail and 
over).” 

In Paragraph (b) change the reference 
to Paragraph (a) to read “Sections 17 
and 18 (a).” 

Change Paragraph (r) from its present 
form to read as follows: 

(c) When any finished rail shows conditions 
as described in Section 13 at either end or at any 
drilled hole, it shall be cut or broken back to 
sound metal and accepted as a No. 1 or No. 2 
short rail subject to the requirement of Sections 
15 and 19. If cut back, a fracture specimen 
shall be furnished the inspector to determine 
interior condition. 

Section 21 (b ). — Delete the reference 
to Section 20 (c). 

Section 22 . — Change the first para- 
graph from its present form by the 
omission of the words in brackets to 
read as follows: “Brands [made so plain 
and sharp] that [they] may be read as 
long as the rails are in service shall be 
rolled on [or hot stamped into] the side 
of the web of each rail in accordance with 
the following requirements.” 

In Paragraph {a) change the typical 
branding from “Weight and Section 
Number” to read “Weight or Section 
Number”; delete “O.H.” from brand 
and substitute “C.C.” Under “DOE” 
change “Manufacturer and Mill” to 
read “MiU Brand.” ^ 



■124 


Report of Committee A^l (Appendix) 


In Paragraph (6) change the first 
sentence, to read as follows by the addi- 
tion of : the italicized words and the ' 
omission of those in brackets: ^^The melt" 
number, rail letter^ and the ingot 
number [as rolled] shall be hot stamped 
in the web of each rail where it will not 
be covered by the joint bars.^^ 

Nm Sectionr--kM. a new Section 25 
to read as follows: ' 

25, CmtroUed Cooling.— -{a) Rails of a nom- 
inal weight of 85 lb. per yd. and over will be 
control cooled, unless otherwise specified. 

(5) Rails of a nominal weight of less than 
85 lb. per yd. may be control cooled by special 
arrangement between purchaser and manu- 
facturer. ^ , 

(c) Control cooling shall be in accordance 
with, the following process:' 

(1) All rails shall be cooled in the regular 
way on hot beds or runways until the tem- 
perature is between 1000 and 725 F., then 
charged immediately into the containers, 

(2) The temperature of the rails before 
charging shall be determined with a reliable 
pyrometer at the top of the rail head at least 
12 in. from the end. 

(J) The handling of rails between the hot 
bed and the container and during subse- 
quent removal shall be carefully conducted 
to avoid bending and to minimize cold 
straightening. 

{4) The cover shall be placed on the con- 
tainer immediately after completion of the 
charge and shall remain in place for at least 
10 hr. After the removal or raising of the 
lid of the container no rails shall be removed 
until the temperature of the top layer of 
rails has fallen to 300 F. or lower. 

(5) The temperature between an outside 
rail and the adjacent rail in the bottom tier 
of the container, at a point not less than 12 
in., nor more than 36 in., from the rail end, 
shall be recorded with reliable equipment. 
This temperature shall be the control for 
judging rate of cooling. 

{6) The container shall be so protected and 
Insulated that the control temperature shall 
not drop below 300 F. in 7 hr. for rails 100 
lb, per yd. in weight or heavier, from the time 
that the bottom tier is placed in the con- 
tainer and in 5 hr. for rails of less than 100 


iThis is the A.R.E.A. Recommended Fractice for 
Controlled Coolmg of Railroad Rails, but with some edi- 
torial modifications. 


lb. per yd. in weight. If for unavoidable 
mill conditions, this time temperature cycle is 
not met, the rails shall be : considered con- 
, trolled cooled provided. the temperature at a 
location not less than 12 in. from the end of a 
rail .in the middle tier does, not drop, below 
. , 300 F. in less than 15 hr. 

, (7) The purchaser shall be furnished a co.m- 
plete record of , the process for each con- 
■ . tainer.of rails on appropriate forms (Note). . 
Note. — The A.R.E, A. Recommended Prac- 
tice for Controlled Cooling of Railroad Rails 
refers to a Form 401, D revised in 1946. 

{8) The letters “ C.C.” in all brandings shall 
‘be removed from all rails failing to meet 
the above requirements, 

(P) Rails may be hot stamped in the web 
ahead of the heat number with the letters 
‘‘G.H.” for control cooled end hardened rails 
when specified by the purchaser. 

Standard Specifications for Low-Carbon 
Steel Joint Bars (A 3 - S3) : . 

Section 4 '(&).— Change to, read as 

follows: 

(h ) , Carbon and manganese, .determinations 
shall be made of each melt of bessemer steel, 
and determinations for phosphorus and sulfur 
shall be made at intervals not greater than each 
ten blows, and. the ne^:!, previous determination 
..may be reported. 

Standard Specifications ■ for Steel ' for 
Bridges and Buildings (A 7 - 42) : 

Section .i.— Change from its, present 
form to. read as follows: 

. 1. These specifications cover carbon-steel 
shapes, plates, and bars of structural quality for 
use in the co:nstriiction, ,of bridges and buildings 
'and for general, structural purposes. 

NoTE.—Tlie,; classification by s.ize of flat- 
rolled carbon-steel,, as, shown in the Steel Prod- 
■ nets Manual of the Amerkan Iron and fiteel 
Institute is given in the following table (see 
accompanying Table VII). „ 

Section^ 2— Add . the words '..^^sheet, 
strip^^ to . '.the' section , title , and add a. new 
Paragraph (^) ..to ''read as follows: 

(d) Hot-rolled sheets and strip specified to 
these specifications shall be furnished, unless 
otherwise specified, to grade C, minimum ten- 
sile strength 55,000 psi. as prescribed in the 
Tentative Specifications for Light Gage Struc- 
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tural Quality Flat Hot-Rolled Carbon Steel 
(0.2499 and 0.1874 in. to 0.0478 in. in Thickness) 
(A.S.T.M., Designation: A 245). 

■Section.. 9 , — -Change Paragraph (&) to 
read as follows: 

{h) Plates ill. in thickness, shapes less 
than 1 sq. in. in cross-section, and bars, other 
than flats, less than J in. in thickness or diameter 
need not be subj ected to tension tests. 


wheels operating on T-rails. Also re- 
letter the various paragraphs to agree 
with the lettering on the revised Fig. 1. 

Change the former Paragraphs (i) 
and (j) to read as follows, relettering as 
{n) and {o) to agree with the new Fig. 1 : 

{n) Thickness of Plaie .- — The dimensions of 
the plate may vary but shall not be less than 


TABLE VII .-CLASSIFICATION BY SIZE OF FLAT-ROLLED CARBON STEEL. 


Thickness, in. 


Width, in. 

1 0.2500 
i and 
over 

0.2499 

to 

0.2031, 

incl. 

0.2030 

to 

0.1875, 

incl. 

0,1874 

to 

0.0568, 

incl. 

0.0567 

to 

0.0344, 

incl. 

0.0343 

to 

0.0255, 

incl. 

0.0254 

to 

0.0142, 

incl. 

0.0141 
and under 

a-iid under. 

Bar 

Bar 

Strip 

Strip 

Strip 

1 Strip 

Sheet 

Sheet 

Over 33^^ to 6, incl.. 

Bar 

Bar 

Strip 

Strip 

Strip 

Sheet 

Sheet 

Sheet 

Over 6 to 12, incl 

Plate 

Strip 

Strip 

! Strip 

Sheet 

Sheet 

Sheet 

Sheet 

Over 12 to 32, incl 

Plate 

Sheet 

1 Sheet 

1 Sheet 

Sheet 

Sheet 

Sheet 

Black plate 

Over 32 to 48, incl 

Plate 

Sheet 

1 Sheet 

1 Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Over 48 

Plate 

Plate 

1 Plate 

1 Sheet 

Sheet 

Sheet 

Sheet 



Standard Specifications for Structural 

Nickel Steel (A 8 - 39) : 

Section L — Change to read as follows: 

1. These specifications cover high-strength 
structural nickel steel shapes, plates, and bars 
up to in., inclusive, in thickness, intended 
primarily for special use in main stress-carrying 
structural members. 

Section 7. — Delete Paragraph (5). 

Section il.— Delete Paragraphs (d) 
and (e). 

Standard Specifications for Wrought 

Steel Wheels for Electric Railway 

Service (A 2S - 41) : 

Section 4.— Add the following as foot- 
note at the end of the table, refer- 
enced after ^Wnganese, per cent’h 
/‘For spun steel wheels the manganese 
content shall not exceed 1.60 per cent.” 

Fig^ 1 . — Revise the lettering on Fig. 
1 to read as shown in the accompanying 
Fig. 1. 

I.— Delete Table I from the 
specifications. 

Section 8 , — Eliminate all reference to 



Fig. 1. — Diagram Showing Points at Which the 
Dimensions Covered by Specifications 
Are Measured. 

For the permissible variations in these dimensionSs see 
Sections. . ^ 

The letter used for each dimension m this figure is 
the same as that of the paragraph of Section S on Fwmissi- 
ble Variations in Dimensions covering that dimension. 

that shown in the Table of Standard Designs in 
Appendix 11. 

{o) Diameter of Hub . — ^The thickness of wall 
of finished bored hub shall not be less than that 
shown in the Table of Standard Designs in 
Appendix 11. The outside diameter shall not 
exceed that specified by more than | in. The 
thickness of the hub wall in any wheel shall 
not vary more than | in. at any two points 
equidistant from the face of the hub, 
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.Section 9 —Add the following as a new 
Paragraph (e), relettering the remaining 
paragraphs accordingly: Wheels 

shall be rough bored and faces of hubs 
machined. The contour of tread and 
flange shall be as specified. 
y Section 10—Chmge Paragraph {a) 
from its present form to read as follows: 

(a) The date (month and year), name or 
brand of the maniifacturerj manufacturer’s 
serial number and melt number shall be legibly 
stamped on the back face of the rim approxi- 
mately i in. from the inner edge of the rim. 
The height of the characters shall not be less 
than I in. for hot stamping nor | in. for cold 
stamping. 

Add a new Paragraph {c) to read as 
follows; For spun steel wheels the 
marking shall be cast in raised letters 
on the plated^ 

Appendices. —Add the following as 
Appendices I and II: 

Appendix L Spun Steel Wheels: Spun steel 
wheels are usable for electric railway service 
similar to wrought steel wheels, providing the 
spun wheels conform to the foregoing specifica- 
tions for wrought steel wheels. 

Spun steel wheels must be manufactured in a 
manner capable of producing and maintaining 
high centrifugal fluid compression forces by a 
high rate of spinning during the entire period in 
which solidification of metal takes place. 

Appendix IL Wheel Design: The accom- 
panying Tables 1 and 2 of Dimensions of Stand- 
ard Steel Wheel Designs, adopted July 30, 1942, 
by the American Transit Engineering Associa- 
tion, are hereby made a part of Specifications 
A 25 -46. The tables are reprinted with 
permission. (Insert corrected and expanded 
Tables I and II from EA - 25a) 

Standard Specifications for Boiler and 

Firebox Steel for Locomotives (A 30 

44) ' 

Section 3.— Change the requirements 
for manganese for plates f in. or under 
in thickness and plates over f in., for 
the firebox steel, from the present 
ranges of “0.30 to 0.50’V^^^d '^0*30 to 
0.60’^ to read “0.30 to 0.80’^ per cent in 
both cases. 


■ T able /.—Change the tensile strength 
range for grade A, firebox, from “52,000 
to 62,000’’ to “55,000 to 65,000”; psi. 

Standard Specifications for Welded and 

Seamless Steel Pipe (A 53 - 44) : 

Section /.—Revise the, second sentence 
of Paragraph (<3^) to read as follows by 
the addition of the italicized words: 
“Pipe ordered under these specifications 
is nominal {average) wall and is intended 
for coiling, bending, flanging, and other 
special purposes, and is suitable for 
fusion welding.” 

Number the present note as 1 and add 
a new Note 2 at the end of this section 
to read as follows: 

Note 2. — ’When galvanized pipe, as covered 
by these specifications, is bent or otlierwise 
fabricated to a degree which causes the zinc 
coating to stretch or compress beyond the limit 
of elasticity, some flaking of the coating may 
occur. 

Table /.—Add the same note to Table 
I as recommended above for Table II 
in Specifications A 106 - 45 T, the for- 
mulas to read as follows: 


Grade Formula 

■A...' SUd- 17.50 

B £ == 48i5 + 15.00 


Section 13. — Add a note at the end of 
this section to read as follows: “The 
minimum wall thickness on inspection 
is shown in Table VI (Appendix III).” 

New Table. — Add a new Table VI as 
Appendix III to read as shown in the 
accompanying Table IV, 

Standard Specifications for Steel Tie 

Plates (A 67 - 33): 

Section 4 (Z>),— Change to read as 
follows: 

{h) Carbon and manganese determinations 
(and copper when specified) shall be made of 
each melt of bessemer steefi and determinations 
for phosphorus and sulfur shall be at intervals 
not greater than each ten blows, and the next 
previous determination may be reported. 
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Section 9.— ChdiXigt from its present 
form to read as follows : 

9 . The tie plates shall conform to the dimen- 
sions specified by the purchaser, subject to the 
following permissible variations: 

{a) For plates with shoulders parallel to the 
direction of rolling, a variation of 3V in. in thick- 
ness, i in. in rolled width and -ft- in. in sheared 
length will be permitted. 

Ih) For plates with shoulders perpendicular 
to the direction of rolling, or for plates with rolled 
crown, a variation of in. in thickness, in. in 
rolled width and | in. in sheared length will be 
permitted. In the case of plates with shoulders 
perpendicular to the direction of rolling, the 
distance from the face of the shoulder to the 
outside end of the plates shall not vary, more than 
I in., and from the face of the shoulder to the 
inside end not more than J in. 

(c) A variation, of 0.025 in. in flatness of the 
rail seat will be permitted. 

(d) A variation of iV in. over the minimum 
dimension specified for distance between the 
shoulders of double shoulder tie plates will be 
permitted. 

(e) A variation of not more than -3b- in. in the 
location of spike holes and in the length of their 
sides will be permitted. 

Standard Specifications for Low- Carbon 

Steel Track Bolts and Nuts (A 76 - 

33): 

Section 4 (^).— Change to read as 
follows: 

{b) Carbon and manganese determinations 
shall be made of each melt of bessemer steel, 
and determinations for phosphorus and sulfur 
of each melt of bessemer free-cutting and sul- 
furized nut steel. For other grades of bessemer 
steel, determinations for phosphorus and sulfur 
shall be made at intervals not greater than each 
ten blows, and the next previous determination 
may be reported. 

Standard Specifications .for Lap-Weided 

and Seamless Steel and Lap- Welded 

Iron Boiler Tubes (A 83 - 44): 

Section 5.— Change Paragraphs (a) and 
(6) from their present form to read as 
follows, the change entailing the use of a 
flattening test formula for seamless 
tubing: 

5 . (a) For iap-welded tubes having wall 


thicknesses not exceeding 10 per cent of their 
outside diameters, and providing the thickness 
does not exceed 0.200 in., a section not less than 
2| in. in length shall stand being flattened be- 
tween parallel plates, without cracking or show- 
ing flaws, until the distance between the plates 
is five times the w^all thickness. For other lap- 
welded tubes the distance between the plates 
shall be six times the wall thickness. 

ib) A section of a seamless tube, not less than 
2| in. in length, shall be flattened cold between 
parallel plates until the opposite walls of the 
tube meet. No cracks or breaks in the metal 
shall occur until the distance between the plates 
is less than the calculated value of S by the 
following formula : 

(1 + e)t 
e + t/D 

where: 

H == distance betweenflattening plates in inches, 
e = deformation per unit length (constant for a 
given grade of steel, 0.09 for the low- 
carbon grade), 

t = nominal wall thickness of tube in inches, 
and 

D = actual outside diameter of tube in inches. 

Evidence of laminations or burnt material 
shall not develop during the entire flattening 
process. 

Standard Specifications for Structural 
Silicon Steel (A 94 - 39): 

Section 1 . — Change to read as follows: 

1. These specifications cover special high- 
strength structural steel shapes, plates, and bars 
intended primarily for use in main stress-carry- 
ing structural members. 

Standard Specifications for Forged or 
Rolled Steel Pipe Flanges, Forged 
Fittings, and Yalves and Parts for 
High-Temperature Service (A 105 ~ 
40): ' 

Section 4 (6). — Change to read as 
follows: 

ih) The material shall be forged by llaramer- 
ing, pressing, rolling, extruding, or upsetting 
and shall be brought as nearly as practicable 
to the finished shape and size by hot working 
and shall be so processed as to cause metal flow 
during the hot working operation in the direc- 
tion most favorable for resisting the stresses 
encountered in service. 
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Standard Speciflcatiotts for Stractural 
Steel -for Locomotives and Cars 

Section l\r-Chmge to read as follows: 

L These specifications cover carbon-steel 
shapes, plates (except boiler and fiiebox plates), 
and bars intended primarily for use in locomo- 
tives and car construction. 

Section 7,— Chmgt Paragraph (&) to 
read as follows; 

(6) Plates in. in thickness, shapes less 
than 1 sq. in. in cross-section, and bars, other 
than flats, less than | in. in thickness or diam- 
eter, need not be subjected to tension tests. 

Change Paragraph (e) in this section 
to read as follows by the addition of the 
italicized figure and the omission of the 
figure in brackets: ^^{e) For material 
under in, in thickness or diameter, 
a deduction from, the percentage of 
elongation in 8 in, specified in Table I 
of [1.25] 2,00 per cent shall be made 
for each decrease of in. of the specified 
thickness or diameter below 

Standard Specifications for Black and 
Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120 ~ 44) : 

Section L — Change the second sen- 
tence to read as follows by the addition 
of the italicized words: “Pipe ordered 
under these specifications is nominal 
(average) wall and is intended for ordi- 
nary uses in steam, water, gas, and air 
lines, but is not intended for close 
coiling or bending, or high-temperature 
gervice.^- 

In Section 1 number the present note 
as 1 and add a new Note 2 at the end 
of this section to read the same as 
recommended above in Specifications 
A 53 - 44. 

Section IL — ^Add a note at the end of 
this section to read as follows; “The 
minimum wail thickness on inspection is 
showp in Table II (Appendix).’’ 


New Table— Add B. new Table IIT 
as an Appendix to read as shown in the 
accompanying Table IV. 

Standard Specifications for Structural- 
Steel for Ships (A 131 - 39) : 

Section 6 (e), — Make, the same change 
as recommended above in Section 7 (e) 
of Specifications A 113 - 42. 

Standard Specifications for Electric- 
Resistance-Welded Steel Pipe (A 135 - 
44): 

Section 1 . — ^Change the first sentence 
to read as follows by the addition of the 
italicized words: “These specifications 
cover two grades of electric-resistance- 
welded steel pipe 30 in. and under in 
diameter with nominal (average) wallsJ^ 
Table Add the same note at the 
end of this table as recommended above 
for Table II in Specifications A 106 - 
45 T. 

Section 12 . — Add a note at the end 
of this section to read as follows: “The 
minimum, wall thickness on inspection is 
shown in Table II (Appendix II),” 
New Table. — ^Add a new Table II as 
Appendix II to read as shown in the 
accompanying Table IV. 

Standard Specifications for Electric- 
Fusion-Welded Pipe (Sizes 8 in, to 
but not including 30 in,) (A 139 - 42); 

Section L — Change the first sentence 
to read as follows by the addition of the 
italicized words: “These specifications 
cover two grades of electric-fusion- 
welded straight-seam or spiral-seam pipe 
4 in. to but not including 30 in. in 
diameter, with nominal (average) wall 
thicknesses up to f in., inclusive.” 

Section 6 (a).— Add the same note to 
the proposed table published as a tenta- 
tive revision as recommended above for 
Table II in Specifications A 106 - 45 T. 

Section 12.— AM z. note at the end 
of this section to read as follows: 
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“The minimum wall thickness on in- 
spection is shown in Table II (Appen- 
dix II). 

New Table.— Add a new Table II as 
Appendix II to read as shown in the 
accompanying Table IV. 

Standard Specifications for Seamless 
' Low- Carbon and Carbon-Molybdenum 
Steel Tubes for Refinery Service 
(A 161 ~ 44) ; 

Section 1. — In Paragraph (< 2 ), sixth 
line, delete “or | in. in average walL^^ 
Change the first sentence of Paragraph 
(b) to read as follows by the deletion 
of the words in brackets: “In specifying 
dimensions, the purchaser shall specify 
[either] outside diameter and minimum 
wall thickness [or outside diameter and 
average wall thickness].” 

Table L — Add the same note at the 
end of this table as recommended above 
for Table II in Specifications A 106 - 
45 T, but substituting “Low-Carbon 
Steel Tubes” for “Grade A” and “Car- 
bon-Molybdenum Steel Tubes” for 
^^Grade B,” Also, insert a new provi- 
sion covering elongation in 2 in. when 
the standard round 2-in. gage length 
test specimen is used with values of 28 
per cent for low-carbon tubes and 22 
per cent for carbon-molybdenum tubes. 

The present values of 35 and 30 per 
cent, respectively, will remain unchanged 
covering the basic minimum elongation 
for walls ^ in. and over in thickness. 

Section 4 {a): — Change the manganese 
content from the present “0.30 to 0.60” 
to read “0.30 to 0.80” per cent. 

Tables II ^ III and IV. — ^Delete re- 
quirements for average wall thickness. 

Explanatory Notes. — Delete explana- 
tory notes. 

Standard' Specifications for Electric- 
. Resistance -Welded Steel and Open- 
: Hearth Iron'Boiler Tubes (A 178 - 44) : 

New Table. — ^Add a new Table II 


to read as shown in the accompanying 
Table VIII, renumbering the present 
Table II as III and the present Table 
III as IV. Add tlie same note at the 
end of this table as recommended above 
in Table II of Specifications A 106 - 45 T, 
the formula to read as follows for all 
types: “E = 40t + 12.50.” 

TABLE VIII.—TENSILE REQUIREMENTS. 


Ferritic Steel 


Tensile strength, min., psi 

Yield point, min., psi-. 

Elongation in 2 in., min., per cent 

For longitudinal strip tests a deduction 
for each V:^-in. decrease in wall thick- 
ness below in. from the basic mini- 
mum elongation of the following per- 
centage 


60 OOO . 
37 000 
30 


l.SO® 


® The following table gives the computed minimum 
values: 



Elongation in 

2 in. min,, 
per cent 

Wall Thickness, in. 

Ferritic Steel 

co.sm 

30.00 

% (0.281) 

28.50 

M (0.250) 

27.00 

L'ti (0.219) ’ 

25.50 


24.00 


22.50 

li (0 125) 

21.00 

(0.094) 

19.50 

Ml (0.062) 

18.00 


Standard Specifications for Seamless 

Cold- Drawn Low-Carbon Steel Heat- 

Exchanger and Condenser Tubes 

(A 179 ~ 44): 

Section 1 {b ). — Change the first sen- 
tence to read as follows by deletion of 
the words in brackets: “In specifying 
dimensions, the purchaser shall specify 
[either] outside diameter and minimum 
wall thickness [or outside diameter and 
average wall thickness].” 

Section 9 . — Change to read as follows 
by the addition of the note: 

9. Each tube shall be tested at the mill and 
shall withstand a hydrostatic pressure of 1000 
psi. 

Note . — ^When requested by the purchaser and 
so stated in the order, tubes shall be tested to 
one and one-half times the specified working 
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pressure (when one and one-half times the 

specified working pressure exceeds 1000 psi.) 
provided tlie fiber stress corresponding to those 
test pressures does not exceed 16j00() psi., as 
determined by the following formula: 



..where: . 

P = hydrostatic test pressure in pounds per 
square inch, 

D = outside diameter of the tube in inches, and 
t === thickness of the tube wall in inches. 

Taile I , — Delete the columns referring 
to inside diameters. Also delete all 
requirements for average wall tubes. 

Explanatory Notes —DAQte the ex- 
planatory notes. 

Standard Specifications for Forged or 
Foiled Steel Pipe Flanges for General 
Service (A 181 - 42): 

Section 4 (b ), — Change to read as 
follows: 

(&) The material shall l)e forged by hammer- 
ing, pressing, rolling, extruding, or upsetting 
and shall be brought as nearly as practicalde to 
the finished shape and size by hot working and 
shall be so processed as to cause metal flow dur- 
ing the hot working operation in the direction 
most favorable for resisting the stresses en- 
countered in service. 

Standard Specifications for Forged or 
Rolled Alloy "Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for High'-Temperatnre Service (A 182 - 
44): 

Section 4 (i).— Change to read the 
same as recommended above for Section 
4 (6) of Specifications A 181 - 42. 

Standard Specifications for. One- Wear 
and Two "Wear Wrought Steel Wheels 
' (A 186- 39):' 

Title . — Change to read “Standard 
Specifications for One-Wear Wrought 
Steel Wheels.’^ 

Section 1.— Change to read as follows; 

1. These specifications cover two classes of 
one wear wrought steel wheels for use under 


cars in freight and industrial service. The two 
classes are as follows: 

Class I, rolled to finish wheels 
■■ Class II j machine-finished wheels 

Fig. 1 . — Revise the lettering on. Fig.. 
1 to read as shown in the accompanying 

Fig. 2. 

Section 9 . — In Paragraph {g) change 
the second sentence by deleting the 
phrase: “for one-wear wheels or 2 in. 
for two-wear wheels.’^ 



Fig. 2. — Diagram Showing Points at Which the 
Dimensions Covered by Specifications 
Are Measured. 

For the permissible variations in these dimensions, 
see Table I or Section 9. 

The letter used for each dimension in this figure and 
in Table I is the same as that of the paragraph of Section 9 
on Permissible Variations in Dimensions covering that 
dimension. 

Reletter Paragraph {g) as (fi) and 
change to read as follows: 

(;'i) Depression of Ilnb . — The distance from 
the back face of rim to the front face of the hub 
shall not be more but may be J in. less than that 
specified. 

Reletter Paragraph (r) as (f 2 ) and 
change to read as follows: 

(f'D Projection of Hub.— The projection of hub 
beyond the back face of the rim shall not vary 
more than | in. from that specified. 

Table L — Change the present dimen- 
sion “(g)” to “(fi)” with explanation 
to read ^^Depression of hub, distance 
from back face of rim to front face of 

rim.” 
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Change the present dimension 
to read (fa)” and enter the figure 
in both columns for permissible varia- 
tions in dimensions. 

Section M , — -Insert a new Paragraph 
(6) tO' read as follows, relettering the 
present Paragraphs (b) as (6') and (c) 
as (d): 

(b) Class i, Rolled to Finish Wheels. — In 
class 1 wheels the contour of tread and flange 
of the w'heels may be rolled or machined at the 
option of the manufacturer. 

Class 2, Machine Finished Wheels. "-In 
class 2 wheels the contour of the tread and flange 
of all wheels furnished must be machined 
finished. 

Standard Specifications for Carbon- and 
Alloy-Steel Nuts for Bolts for High- 
Pressure and High-Temperature Serv- 
ice (A 194 - 40): 

Section J (c), — Change the last sen- 
tence from its present form to read as 
follows: 

Unless otherwise specified, these classes of nuts 
shall be ciuenched and drawn at a temperature 
not less than that specified, as follows: 

Minimum Tempering 
Temperature, 


Class deg. Falir. 

2H 850 

3 850 

4 1100 


Table 'll . — Change the title to read 
^'Heat Treatment and Hardness Re- 
quirements.” 

Section 7. — Change the second sen- 
tence to read as follows by the addition 
of the italicized wnrds: Except for 
class 0, a sulfurized steel not subject 
to check analysis for sulfur, the phos- 
phorus and sulfur content thus deter- 
mined shall not exceed that specified 
ill Section 5 by more, than '25 per cent, 
and the other elements shall conform 
to the specified requirements.” 

Section 9 —Change to read as follows 


by the addition of the italicized words 
and the omission of those in brackets: 

9. (a) Classes 2 H, 3 and 4 nuts, when 
machined from bar stock, and all other classes 
of nuts except class 0 shall he capable of meeting 
the following drift test: A conical mandrel 
conforming to the dimensions shown in Fig. 1 
(see accompanying Fig. 3) [part of -which has a 
diameter equal to the nominal nut size], shall 
be forced through the tapped hole to the nom- 
inal nut size, cold, without cracking the body 
of the nut. The test may be continued until 
the nut is broken for examination of the struc- 
ture. 

(b) Class 0 nuts shall he capable of meeting 
the drift test specified in Paragraph (a) except 
that the mandrel shall be forced through the tapped 
hole to the pitch diameter of the thread, cold, with- 
out cracking the body of lit e nut. 


Taper -nof more than /| io. 
^in 12 in. on diamefer 


T 




T 

O 




1 



OpHonal 


D — nominal or pitch diameter, as the case may be. 
d = not more than the basic minor diameter of thread. 
L - not less than D. 

Fig. 3. — Conical Mandrel for Drift Test 

Standard Specifications for Seamless 
Cold- Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser 

Tubes (A 199 - 44) : 

Section 1 (c).— Change the first sen- 
tence to read as follow^s by deletion of 
the words in brackets: specifying 

dimensions; the purchaser shall specify 
[either] outside diameter and minimuin 
wall thickness [or outside diameter and 
average wall thickness].” 

Table I. — Change the manganese re- 
quirement for grade 2 from the present 
‘^0.50 max.” to read ^T.30 to 0.60” 
per cent, and change the manganese 
requirement for grade 3 from the present 
“0.40 to 0.60” to read “0.30 to 0.60” 
per cent. 
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Add three new grades 7j 8, and 9, with 
chemical requirements to read as follows: 



Grade 7 

Grade 8 

Grade 9 

Carbon, . max., 
per cent. 

O.IS 

0.15 

0.15 

Manganese, per 
■, cent 

0.30 to 0.60 

0.30 to 0.60 

0.30 to 0.60 

Phosphorus, 
max., per cent. 
Sulfur, max., per 
'■ cent.'.. 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

Silicon, per cent. 

0.50 to 1.00 

0.50 max. 

0.50 to 1.00 

Chromium, per 
cent.... . .. — 

6.00 to 8.00 

4.00 to 6.00 

8.00 to 10.00 

Molybdenum, per 
cent... 

0.45 to 0.65 

0.45 to 0.65 

0.90 to 1.10 


Table /!,— Add the same note at the 
end of this table as recommended above 
in Table II of Specifications A 106 *• 45 T, 
the elongation formula for all grades 
to read as follows: = 48 + 15.00/' 

Section 9 (5)*— Change from its present 
form to read as follows: “(6) The tubes 
fabricated from grades 1 to 6, inclusive, 
and grade 8, shall have a Rockwell hard- 
ness number not to exceed B85. For 
tubes fabricated from grades 7 and 9 
the maximum Rockwell hardness num- 
ber shall be B89.’' 

Table IIL — Delete the columns re- 
ferring to inside diameter* Also delete 
aH requirements for average wall tubes. 

Explanatory Notes , — Delete the ex- 
planatory notes. 

Standard Specifications for Seamless 
Intermediate AHoy-Steel Still Tubes 
for Refinery Service (A 200 - 44) : 

i.— In Paragraph (a) delete 
the words ^‘or | in. in average wall" 
from the seventh and eighth lines. 

In Paragraph (c) change the first 
sentence to read as follows by deletion 
of the words in brackets: ^Tn specifying 
dimensions, the purchaser shall specify 
[either] outside diameter and minimum 
wall thickness [or outside diameter and 
average wall thickness]." 

Table /.— Change the manganese re- 
quirement for grade 2 from the present 


^^0.50 max," to read “0.30 to 0,60" per 

cent. 

Add three new grades 7, 8, and 9, the 
chemical requirements to read the same 
as above in Table I of Specifications A 

199-44. 

Table //.-—Add the same note at the 
end of this table as recommended above 
in Table II of Specifications A 106- 45 T, 
the elongation formula for all grades to 
read as follows: “£ = 48 ^ -f- 15.00," 
Also, insert a new provision covering 
elongation in 2 in. when the standard 
round 2-in. gage length test specimen is 
used with a value of 22 per cent. The 
present value of 30 per cent will remain 
unchanged covering the basic minimum 
elongation for walls 5/16 in. and over in 
thickness, longitudinal strip tests, and 
for all small sizes tested in full section. 

Section 9 (a).— Change from its present 
form to read as follows: “(a) Tubes 
fabricated from grades 1 to 6, inclusive, 
and grade 8 shall have a Brinell hardness 
number not to exceed 163. For tubes 
fabricated from grades 7 and 9 the 
maximum Brinell hardness number shall 
be 179." 

Tables III, IV and F.— Delete all 
requirements for average wall tubes. 

Explanatory Notes , — Delete the ex- 
planatory notes. 

Standard Specifications for Carbon-Sili- 
con Steel Plates of Ordinary Tensile 
Ranges for Fusion-Welded , Boilers 
and Other Pressure Vessels (A 201 - 
44): 

Section 3 , — In Paragraph (a) change 
the reference to “Paragraph (6)" to 
read “Paragraph (^;)." 

Insert a new Paragraph (5) to read as 
follows, relettering the present Para- 
graph (b) as (<;) : 

(&) The purchaser shall indicate in his orders 
to the mill whether the rollmg m the fabri- 
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cator shall perform the required heat treatment 
of the plates. 

Change the 'first two sentences in the ' 
present Paragraph (5) to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 

When a fabricator [who] is equipped to prop- 
erly perform the work elects to do the re- 
quired heat treatment of plates for grain refine- 
ment, [and so indicates in his orders to the mill] 
he shall accept the plates on the basis of the mill 
tests. The plate manufacturer shall make the 
tests prescribed in these specifications, the ten- 
sion and bend test specimens to be prepared 
from full thickness pieces heat treated under 
conditions he considers appropriate for grain 
refinement and to [give] meet the test require- 
ments. 

Standard Specifications for Molybde- 
num-Steel Plates for Boilers and 
Other Pressure Vessels. (A 204 ■“ 44) : 

Section 3 . — Make the same changes 
as recommended above in Section 3 of 
Specifications A 201 - 44. 

Standard Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 
209-44): 

Table I. — Change the manganese re- 
quirement for all three grades from the 
present range of ‘^0.30 to 0.60” to read 
*^0.30 to 0.80” per cent. 

Table II . — Add the same note at the 
end of this table as recommended above 
in Table II of Specifications A 106-45 T, 
tlie elongation formula for all grades to 
read as follows: « 48 ^ + 15.00.” 

■Standard ; .Specifications for Medium- 
Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210 - 44) : 

Table J~Add the same note at the 
end of this table as recommended above 
in Table II of Specifibations A 106- 45 T, 
the formula to read as follows: “£ = 
40^ + 12.50.” 


Standard Specifications' for ffigh Tensile 
Strength Carbon-Shicon Steel Plates 
for Boilers and Other Pressure Vessels 
(Plates 4| in, and Under in Thickness) 
{K 212 - 44): 

Section 3 . — Make the same changes 
as recommended above in Section 3 of 
Specifications A 201 - 44. 

Standard Specifications for Seamless 
Alloy-Steel Boiler "and Superheater 
Tubes (A 213 -44); 

Table L — Change the manganese re- 
quirement for grades T 3, T 5, T 13, and 
T 16 from the present ^^0.50 max.” to 
read “0,30 to 0.60” per cent. 

Add two new grades T 7 and T 9, the 
chemical requirements to read as follows : 


Identification Symbol 

T 7 

T9 

Grade 

7 per cent 
Chromium 

9 per cent 
Chromium 


Carbon, max., per cent. . . . 

Manganese, per cent 

Phosphorus, max., per cent 
Sulfur, max., per cent .. . . 
Silicon, per cent. 

0.15 

0,30 to 0.60 
0.03 

0.03 

0.50 to 1.00 
6.00 to 8.00 
0.45 to 0.65 

0.15 

0.30 to 0.60 
0.03 

0.03 

0.50 to 1.00 
8.00 to 10.00 
0.90 to 1.10 

Chromium, per cent 

Molybdenum, per cent . . . 


Table IL — Change the identification 
symbols T 8, T 18, T 19, and T 20 from 
their present form to read TP 304, TP 
321, TP 347, and TP 316, respectively. 

Table III . — Add the same note at the 
end of this table as recommended above 
in Table II of Specifications A 106 - 45 T, 
the elongation formula for the ferritic 
grade to read “£ == 48 i -f 15.00”; 
and for the austenitic grade, “E = 56 
t + 17.50.” 

Section 9 (r). — Change from its present 
form to read as follows: “(c) Except for 
tubes fabricated from ferritic grades T 7 
and T 9, the tubes fabricated from fer- 
ritic grades shall have a Brinell hardness 
not to exceed 163 (Rockwell B85). The 
hardness of the tubes fabricated from 
austenitic steel shall not exceed a Brinell 
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ha’rcines's ■ number of 190 (Rockwell 

Standard ■ Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
2 cbanger and Condenser Tabes (A. 214 - 

1 . * ^ , 

Section 1 {b)."Clvmge the first sen- 
tence to read as follows by the deletion 
of the words in brackets: ^^Tubes shall 
be specified to two dimensions only, as 
follows: Outside diameter and minimum 
wall thickness [or outside diameter and 
average wall thickness 
Table L — Delete all requirements for 
average wall tubes. 

Explanatory Notes.— Delete the ex- 
planatory notes. 

Standard Specifications for Manganese- 
Vanaditmi Steel Plates for Boilers 
and Other Pressure Vessels (A 225 - 
44): 

Section 3. — Make the same changes 
as recommended above in Section 3 of 
Specifications A 201 - 44. 

Standard Specifications for Carbon-Steel 
Forgings for General Industrial Use 
(A 235 '- 42): 

Delete class D, the 75,000-psi. tensile 
grade of untreated material from the 
specifications, making the resulting 
necessary changes in Section 1 on Scope, 
Section 7 on Chemical Composition, 
Table I on Tensile Requirements, and 
necessary editorial changes in other 
sections. 

' 'Standard Specifications for Carbon-Steel 
' Forgings for Locomotives and Cars 
' ' "(A 236 - 42): 

Delete Glass B, the 75,000-psi. tensile 
grade of untreated material from the 
specifications, naaking the resulting 
necessary changes in Section 1 on Scope, 
Section 7 on Chemical Composition, 
Table II on Tensile Requirements, and 


necessary editorial changes in other 

sections. 

Standard Specifications for Alloy-Steel 

Forgings for Locomotives and Cars 

(A 238 - 42): 

Section 5.- — Change from its present 
form to read as follows: 

5. (a) When boring is specified in the order 
it shall be performed before normalizing in the 
case of normalized and tempered forgings; and 
before quenching, in the case of quenched and 
tempered forgings. 

(b) It is recommended that all forgings over 
7 in. in diameter be bored. No solid forgings 
over 10 in. in diameter, and no forging in wall 
thickness over 8 in. shall be liquid quenched 
under these specifications. 

(c) In bored forgings, the diameter of the hole 
shall be a matter of agreement between the 
manufacturer and the purchaser. In order to 
provide adequate quenching, the diameter of the 
hole shall be not less than 20 per cent of the 
outside diameter of the forging. 

id) Except as specified in Section 17, the 
position of the rough turning in the sequence of 
manufacturing operations shall be a matter of 
agreement between the manufacturer and the 
purchaser. 

Table /.—Change tlie lieading of the 
first double column under from 

the present Solid Diameter or Thick- 
ness, in.” to read “Diameter or Thick- 
ness of Solid Forgings, in.,” and change 
the heading of the second double column 
from the present “Bored Wall Thickness, 
in.” to read “Wall Thickness of Bored 
Forgings, in.” 

Standard Specifications for Low -Alloy 

Structural Steel (A 242 - 42): 

. Section /.—Change the first sentence 
to read as follows by the addition of the 
italicized words and the omission of those 
in brackets: “These, specifications cover 
low-alloy structural steel, suitable for 
^welding or riveting, intended primarily 
for. use as [main stress-carrying material 
of structural members] stress-carrying 
material of structural members where 
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saving in weight and where atmospheric 
corrosion resistance are important 
Section 4 : — At the end ' of Paragraph 
{b) add a, new sentence to read as follows: 

intended that these alloying ele- 
ments shall be such that the atmospheric 
corrosion resistance of this steel is ma- 
terially. increased^’ 


TABLE IX .-TENSILE REQUIREMENTS. 



Austenitic 

Steel 

Tensile strength, min., psi 

75 000 

Yield point, min., psi 

30 000 

Elongation in 2 in., min., per cent 

35 

For longitudinal strip tests a deduction 
for each Qfriu. decrease in wall thick- 
ness below Vfe in. from the basic mini- 
mum elongation of the following per- 
centage 

1.75® 



“ The following table gives the computed minimum 
values: 



Elongation 
in 2 in., min., 
per cent 

Wall Thickness, in. 

Austenitic 

Steel 

(0.312) 

35.00 

(0.281) 

33.25 

H (0.250) 

31.50 

Vh (0.219) 

29.75 

hii (0.188) 

28.00 

(0.156) 

26.25 

1/1 (0.125) 

24.50 

(0.094) 

22.75 

1.4 (0.062) 

21.00 



Standard Specifications for Atomic-Hy- 
drogen -Arc -Welded and Electric- 

Resistance -Welded Alloy-Steel Boiler 
and Superheater Tubes (A 249 - 44 ) : 

rafe— Change the title to read as 
follows: ^^Standard Specifications for 
Welded Alloy-Steel Boiler and Super- 
heater Tubes,” making the necessary 
editorial corrections in the specifications: 

Table 1 . — Change the identification 
symbols T 8, T 18, T 19, T 20 and T 24 
from their present form to read TP 
304,' TP 321, TP : 347, TP 316 and TP 
. 317, respectively.. 

Section 6 (a).— Revise to read as fol- 
lows: “(a) The material shall conform to 
the requirements as to tensile properties 
prescribed ui Table , IL”, , 


, Section 19 (a).— Change the identifi- 
cation symbols from their present form 
to read the same as shown above under 
Table L 

Neiv Table . — Add a new Table II to 
read as shown in the accompanying 
Table IX, renumbering the present 
Table II as III, the present Table III 
as IV, and the present Table IV as V. 
Add the same note at the end of this 


TABLE X.— TENSILE REQUIREMENTS. 


Identification Symbol.. . 

Grade 

T1 

Grade 

T la 

Grade' ' 
Tib 

Tensile strength, min., 
psi 

1 

55 000 i 
30 000 

30® 

60 000 

32 000 

30® 

S3 000 

28 000 

30® 

Yield point, min., psE . .' 
Elongation in 2 in., min., 
per cent. | 



“ The following table gives the computed minimum 
values: 


Wail Thickness, in. 

Elongation in 

2 in., min., 
i per cent 

Grades, T 1, 

T la, Tib 

54 (0.312) 

30,00 


28.50 

•!4 (0.250) 

27.00 

(.4 (0.219) 

25.50 

3/4 (0.188L.. 

24.00 

5/i(> (0.156) 

22.50 


21.00 

3/4 (0.094) 

19.50 

14 (0.062) 

18.00 



table as recommended above in Table 
II of Specifications A 106 - 45 T, the 
formula for all grades to read as follows: 
= S(>t + 17.50.” 

Standard Specification for Electric-Re- 
sistance-Welded Carbon-Molyb- 
denum Alloy-Steel Boiler and 
Superheater Tubes (A 2S0 - 44): . 

Table I . — Change the required manga- 
nese content for all three grades from 
the present “0.30 to 0.60” to read “0.30 
to 0.80” per cent. 

Table II . — Change from its present 
form to read as shown in the accom- 
panying Table X. Add the same note 
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at the end of this table as recommended 
above in Table II of Specifications 
A 106 - 45 T, the formula for all grades 
to read as follows: = 48/ + 15.00/’ 


TABLE Xr.-TENSILE REOUIREMENTS. 



Grade 

1 1 

Grade 

Grade 


1- 

2 ' 

3 

Teuslle strength, min., psi. . . . 

SO 000 

1 60 000 

75 000 

Yield point, min., psi. — 

Basic minimum elongation for 

30 000 

1 35 000 

45 000 

walls h(, in. and over in thick- 
ness: 

Elongation in 8 in., min., 

18 



per cent 

Elongation in 2 in., min., 

14 

20 

per cent. 

30 

25 

For walls less than % in. in 

thickness a deduction for 
each l^-decrease in wall 
thickness below in. from 

the basic minimum elonga- 
tion of the following per- 




centage. ... 

1.50« 

1.2S« 

1.0** 



®The following table gives the computed minimum 
values: 


Elongation in 2 in., 
min., per cent 


Wall Thickness, in. 



Grade 

1 

Grade 

2 

Grade 

3 

% f0.312). 

30.00 

25.00 

20.00 

*4 (0 281) 

28.50 

23.75 

19.00 

H (0.250) 

27.00 

22.50 

18.00 

% (0.219) 

25.50 

21.25 

17.00 

Hi (0.188). 

24.00 

20,00 

16.00 


Note.-— The above table gives the calculated minimum 
elongation values for each i^-in decrease in wall thickness. 
Where the wall thickness lies between two values shown 
above, the minimum elongation value shall be determined 
by the following formula: 


Grade Formula 

1 56^+17.50 

2..... E « 40 / + 12.50 

3 E « 32 ^ + 10.00 

where: 


E * elongation in 2 in. In per cent, and 
t « actual thickness of spechnen, in inches. 


cast-in-place concrete piles. These specifica- 
tions are not intended to apply to pipe for gen- 
eral structural purposes. 

Section 4 (a). — Add a new second sen- 
tence to read as follows: agreement 


TABLE XII.— STANDARD WEIGHTS AND 
DIMENSIONS OF WELDED AND SEAMLESS 
STEEL PIPE PILES.** 


Outside 

Diam- 

eter, 

in. 

Nominal 

Thick- 

ness, 

in. 

Weight 

per 

Lineal 

Foot 

(Plain 

Ends), 

lb. 

Outside 

Diam- 

eter, 

in. 

Nominal 

Thick- 

ness, 

in. 

Weight 

per 

Lmeai 

B’oot 

(Plain 

Ends), 

lb. 



0.188. . . 

16.90 



0.250... 

42.05 



0.219.. , 

19.64 



0.281 .. 

47.22 

SH 


0.250.. 

22.36 



0.312... 

52.36 



0.277. . 

24.70 

16 


0.344... 

57.48 



0.312... 

27.74 



0.375... 

62.58 



0.322... 

28.55 



0.438... 

72.72 






o.soo... 

82.77 



0.188 .. 

21.15 






0.219... 

24.60 



0.2S0... 

47.39 



0.250 .. 

28.04 



0,281... 

53,22 



0.279,.. 

31.20 



0,312... 

59.03 

w% 


0.307,. 

34.24 

18 


0.344... 

64.82 



0.344... 

38.20 



0.37S... 

70.59 



0.365, .. 

40.48 



0.438... 

82.06 



0,438... 

48.19 



0.500... 

93.45 



0.500... 

54.74 









0.250... 

52.73 



0.219... 

29.28 



0.281... 

59.23 



0.250... 

33.38 



0.312... 

65.71 



0.281... 

37.45 

20 


0.344... 

72,16 



0.312... 

41,51 



0.37S... 

78.60 

12H 


0.330... 

43.77 



0.438... 

91.41 



0.344... 

45.55 



0.500... 

104.13 



0.375... 

49.56 






0.4.38... 

57.53 



0,312... 

72.38 



0.500... 

65.42 

22 

, 

0.375... 

86.61 






0.438... 

100.75 



0.250... 

36.71 



,0.500... 

114.81 



0.281... 

41.21 






0.312... 

45.68 


f0.312... 

79.06 

14 


0.344.. . 

50.14 

24 

Jo. 375.. , 

94.62 



0.375 .. 

54.57 


]0.438... 

110.10 



0.438... 

63.37 


lo.soo... 

125.49 



10.500... 

72.09 





® Sizes and weights smaller or greater than those 
listed may be furnished by special agreement between the 
manufacturer and the purchaser. 


Standard Specifications for Welded and 
Seamless Steel Pipe Piles (A 252 - 
44): 

Section L — Change from its present 
form to read as follows: 

L These specifications cover nominal (aver- 
age) wall furnace-welded, electric-welded, and 
seamless steel black pipe piles of cylindrical 
shape. They apply to piles in which the steel 
cylinder acts as a permanent load-carrying 
member, or alternatively, acts as a shell to form 


between the manufacturer and the pur- 
chaser, the tension test specimen may be 
taken from the skelp.’’ 

Table L — Revise Table I to read as 
shown in the accompanying Table XI. 

Table //.—Revise Table II to read as 
shown in the accompanying Table XII. 

Section <?,— Add a note at the end of 
this section to read as follows: /^The 
minimum wall thickness on inspection 
is shown in Table III (Appendix)/’ 
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New Table . — Add a new Table III 
as an Appendix to read as shown in the 
accompanying Table IV* 

Standard Specifications for Welded Al- 
loyed Open-Hearth Iron Pipe (A 253 - 
44): 

Section L — Change the second sen- 
tence in Paragraph {a) to read as follows 


TABLE XIII.— TENSILE REQUIREMENTS. 



Tensile 

Requirements 

Tensile strength, min., psi 

46 000 

Yield point, min., psi . 

30 000 

Elongation in 2 in.*, min., per cent: 

Basic minimum elongation for walls 
S/fe in. and over in thickness, longi- 
tudinal strip tests, and for all small 
sizes tested in full section 

35 

When standard round 2-in. gage length 
test specimen is used 

28 

For longitudinal strip tests a deduction 
for each decrease in wall thick- 

ness below 'i4 in. from the basic mini- 
mum elongation of the following per- 
centage 

l.VS® 



** The following table gives the computed minimum 
values: 


Wall Thickness, in. 

Elongation in 

2 in., min., 
per cent 

U (0.312) 

35.00 

(0,281) 

33.25 

IZ (6.250) 

31.50 


29.75 

(0.188) 

28.00 

62 (0.156) 

26.25 

U (0.125) 

24.50 

32 (0.094) 

22.75 

ly. (0 062) 

21.00 



by the addition of the italicized words: 
^Tipe ordered under these specifications 
is nominal {average) wall and intended 
for coiling, bending, flanging, and other 
special purposes; also pipe 2 in. and 
under in nominal diameter may be 
specified for close coiling.’’ 

Number the present note as 1 and add 
a new Note 2 at the end of this section 
to read the same as recommended above 
in Specifications A 53 - 44. 

New TaWe.— Insert a new Table I, 
reading as shown in the accompanying 
Table XIII, the tensile strength and 
yield point remaining unchanged. Add 
the same note at the end of this table as 
recommended above in Table II of 
Specifications A 106 - 45 T, the formula 


for all grades to read as follows: == 

56; + 17.50.” 

Section 13. — Add a note at the end of 
this section to read as follows: ^The 
minimum wall thickness on inspection is 
shown in Table IV (Appendix),” 

New Table— Add a new Table IV as 
an Appendix to read as shown in the 
accompanying Table IV. 

Ebitorial Changes in Standard and 
Tentatives 

Standard Specifications for Electric- 
Fusion-Welded Steel Pipe for High- 
Temperature and High-Pressure Serv- 
ice (A 155 ~ 42) : 

Table III. — Revise Table III on per- 
missible overweights of plates ordered to 
thickness to read as shown in the accom- 
panying Table II. 

Tentative Specifications for Seamless 
and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268 - 
44 T): 

Tables ! JI andllL—lmtxX the letters 
“TP” before the identification symbol 
numbers 405, 410, 430, 443, 446 and 329. 

Section 16. — Insert the letters “TP” 
before the identification symbol num- 
bers 405 and 410. 

Tentative Specification for Seamless and 
Welded Austenitic Stainless Steel 
Tubing for General Service (A 259 - 
44 T); 

Table I. — Insert the letters “TP” 
before the identification symbol num- 
bers 304, 321, 347, 316 and 317. 

Section 15.— Insert the letters “TP” 
before the identification symbol num- 
bers 304, 321 and 347. 

Tentative Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for the Dairy and Food In- 
dustry (A 270 - 44 T) : 

Table /.—Insert the letters “TP” 
before the identification symbol num- 
ber 304. 



REPORT OF COMMITTEE A-3^^ 


ON 

CAST IRON 


Since the 1944 Annual Meeting of the 
Society, Committee A-3 on Cast Iron 
has held one meeting in Pittsburgh, Pa. 
on February 26, 1946. Another com- 
mittee meeting will be held during the 
1946 Annual Meeting of the Society, 

During the past two years, new mem- 
bers elected have exceeded those lost by 
death or resignation. The total member- 
ship of the committee is now 136, of 
whom 45 are classified as producers, 58 
as consumers, and 33 as general interest 
members. In addition, there are 5 
consulting members. 

During the past two years, a number of 
tentative and standard specifications 
have been revised in order to bring them 
in line with present practice. New 
tentative specifications relating to use 
of cast iron at elevated temperatures 
were completed late in 1944. In addi- 
tion, all existing specifications under the 
jurisdiction of Committee A-3 have been 
reviewed as to their suitability, and when 
ncessary have been revised or are in the 
process of revision. The actions of 
subcommittees entrusted with such re- 
vision, are treated in greater detail later 
in this report. 

Pursuant to the instructions of Com- 
mittee A-3, the chairman appointed a 
nominating committee comprising H. 
Bornstein, T. E. Eagan, and J. S. 
Vanick to propose nominees for chair- 
man, vice-chairman, and secretary. 
Each subcommittee has also been in- 
structed to hold an election. The re- 
sults of the elections of general ofiScers 
and subcommittee officers were reported 
af the Annual Meeting, the present 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


officers of the committee having been re- 
elected for the ensuing term of two: years. 

Subsequent to the 1944 Annual Meet- 
ing, Committee A-3 presented to the 
Society Through the Administrative 
Committee on Standards several recom- 
mendations which are listed in Table I, 
together with the results of the letter 
ballot vote in Committee A-3 and the 
date of acceptance by the Standards 

TABLE L— RECOMMENDM’IONS ACCEPTEO BY 
THE AHMINISTRATIVE COMMm'EE ON S'PAN!)- 
ARDS, INCLU!)1N(J RECORi) OK i.ETTiCR BALLOT 
VOTE. 


Items 

A,nirm” 

ative 

Nega- 

t,}ve 

Ballots 

M'arked 

“Not 

Voting’’ 

TcnialiDC Specificatums for: 
Foundry Pig Iron (A -W ■” 15 T), 




accepted October 30 ^ 19d5. ..... 

Automotive Gray Iron ('listings 
(A 159 - 44 T), accepted No'imn- 
her J944f as a tentative 

71 1 

5 

19 

revision of Standard A 15^^ - 4:1. 

Lightweight and Thin-Scctioned 
(aray Iron Castings (A 109 - 
44 T) accepted August 1944, 

replacing Standard A 190 - 40 
which was accordingly witli- 

,69 

1 

20 

drawn 

Gray Iron Castings for Pressure- 
Containing Parts for Tempera- 
tures Up to 650 P,, (A 278 - 44T ) 

79 

1 

IS 

accepted November ZZ, 1944 

72 

0 ! 

18 


Committee. , Specifications A 43 appear 
in the 1945 Supplement to Book of 
A.S.T.M. Standards, Part I, while the 
other items listed in Table I appear in 
the 1944 Book of A.S.T.M. Standards. 

Recommendations,, Affecting 
Standards 

The committee is submitting revision 
of one tentative, revision of one standard 
for immediate adoption and is recom- 
mending the adoption of one tentative 
as standard and the withdrawal of one 
standard. The s,tandards affected are 


•90 
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listed in Table I and the recommenda- 
tions are explained in the reports of the 
subcommittees directly responsible for 
them., ■ 

These recommendations have' been 
siibmitted to letter ballot of the com- 
mittee which consists of 136 members, 
with the results shown in Table II. 

c Activities of Subcommittees 

SuhcommiUee I on Pig Iron (H. W. 
Stuart, chairman) prepared new Tenta- 
tive Specifications for Foundry Pig Iron 
(A43“~45 T) to replace Standard Specifi- 
cations A 43-24 which latter standard has 
been discontinued. The new tentative 
TABLE II.- ANALYSIS OF LETTER BALLOT VOTE. 


Iteniii 

Affirm- 

ative 

Nega- 

tive 

1 Ballots 
Marked 
“Not 
Voting” 

I. R,i{:v:ision O'F Tentative 
I)ef. of Terms Relating to Cast ' 
Iron (A 196 - 42 T),: 

89 

0 

0 

II. ADori'UiN or Tentative as 
HtaNDAKI) 

Metliod of ('ompression Testing 
of Cast Iron (A 2S6 42 T).. . 

89 

0 

0 

Jli. Revision of Standard, 

I M M i-;di ATE Adoption 

Spec, for Cray Iron Castings 
(A4H-41) 

89 

0 

0 

IV, WiTIIDlAWAE OF STANDARD 
Sj>ec. for Automotive Gray Iron 
Castings (A LS9 - 41) 

89 

0 

0 


specifications were approved by Com- 
mittee A-3 and accepted by the Society, 
and appear in the 1945 Supplement to 
Took of A.S.T.M, Standards Part I, p. 171. 

SuhcommiUee FI on General Castings 
(H. Borns tein, chairman). — Tentative 
Specifications for Lightweight and Thin- 
Sectioned Castings were prepared, ap- 
proved by Committee A-3, accepted by 
the Societ.y and appear in the 1944 Book 
of A.S.T.M. Standards, Part I under the 
designation A 190 - 44 T replacing 
Standard Specifications A 190 - 40 and 
I , , Emergency Alternate Provisions A 190.. 

('ertain. editorial changes were sug- 


Committee accordingly recoimnends the 
following revisions; 

Section 9 (5).— Change to read as 
follows: ^^If any test specimen shows 
defective machining or obvious lack of 
continuity of metal, it shall be discarded 
and replaced by another specimend^ 

Section 13.— Change the first sentence 
to read as follows: ^^The castings shall 
conform substantially to the dimensions 
on drawings furnished by the purchaser 
or to the dimensions predicated by the 
pattern supplied by the purchaser, if no 
drawing has been provided. The cast- 
ings shall be free from injurious defects.^’ 

Explanatory Notes . — Delete Notes 2 
and 3 and substitute the following which 
will be designated as Note 2, renumber- 
ing the subsequent notes accordingly: 
“Note 2. — ^Tlie higher strength irons 
are usually more expensive to produce 
and machine.” 

At the invitation of Subcommittee VI, 
Mr. MacKenzie has analyzed consider- 
able data to determine the correlation 
between Brinell hardness and (1) tensile 
strength, (3) transverse strength, and 
(3) impact properties. A paper will be 
presented on this work. 

Subcommittee Vlll on Cast Iron Cul- 
vert Pipe (W. J. Schlick, chairman).— 
No suggestions for revision of the 
Standard Specifications for Cast Iron 
Culvert Pipe (A 142 - 38) have been 
received, and at the meeting of Com- 
mittee A-3 on February 26, 1946 it was 
decided no revision was necessary. 
However, the chairman is currently 
canvassing his subcommittee for 
comments. 

Subcommittee X on Nomenclature and 
DeHnitions (A. J. Herzig, chairman).— 
In 1944 this subcommittee recommended 
the adoption as standard of the Tenta- 
tive Definitions of Terms Relating to 
Cast Iron (A 196 - 42 T) . This proposal 
was approved by letter ballot of Com- 


gesled. in the Standard Specifications for 
Gray Iron Castings (A 48 - 41) and unan- 
imously approved at the meeting of 
Committee A-3 onFebruary 26, 1946., The 


mittee A-3 on August 24, 1944. Of the 
160 committee members, 63 members 
returned their ballots, of whom 58 
members voted affirmatively, 0 nega- 
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tivel 7 s and 5: members mar^^ their 
ballots ^^not voting. This action, how- 
ever, was not presented to the Society in 
1945 since Committee A-3 did not 
present a report to the Society last year. 

At a meeting of Subcommittee X on 
February 25, 1946, it was decided to 
recommend the following for inclusion 
in the tentative definitions A 196 - 42 T: 

ImadanL — Inoculants are those materials 
which, when added to molten cast iron, modify 
the structure, and thereby change the physical 
and mechanical properties to a degree not ex- 
plained on the basis of the change in composi- 
tion resulting from their use. 

culled Jrow.— Chilled iron is cast iron in 
which the carbon is retained in the, combined 
form in certain areas sufficient to form a mottled 
or white structure due to conditions which accel- 
erate cooling to the extent that normal graphi- 
tization is prevented in those areas. 

Subcommittee X has unanimously 
approved these definitions and this 
action of the subcommittee was approved 
by Committee A-3 at the February 26, 
1946, meeting. In view of the inclusion 
of the above definitions it appears 
advisable that the definitions remain 
tentative. 

Subcommittee XI on Methods of Testing 
(V. A. Crosby, chairman) has approved 
the adoption as standard of the Tentative 
Method of Compression Testing of Cast 
Iron (A 256 42 T). Tentative Recom- 
mended Practice for Torsion Tests of 
Cast Iron (A 260 - 42 T) is believed to 
require revision before adoption as 
standard and has been referred to W. L. 
Collins, the new chairman of Subcom- 
mittee XI. 

Subcommittee XV on Impact Testing 
(J, T. MacKenzie, chairman) has under- 
taken an investigation of current 
methods of impact testing to determine 
if specifications on impact testing are 
feasible. 

Subcommittee XV I on Heat Treatment 
of Cast Iron (T. E. Eagan, chairman),— 
At the meeting of Committee A-3 on 
February 26, 1946, it was voted that 
this subcommittee should be put on a 


*‘stand-by^^ basis and the subcommittee 
chairman retained as an adviser on this 

subject. 

Subcommittee XVIII on Aulomothe 
Castings (F. J. Walls, chairman).— 
Tentative Specifications for Automotive 
Gray Iron Castings (A 159 ~ 44 T) pre- 
pared by this subcommittee, were ap- 
proved by Committee A-3, accepted by 
the Society, and appear in the 1944 Book 
of A.S.T.M. Standards, Part I. These 
tentative specifications replace the pre- 
vious Standard A 159 - 41, which the 
committee accordingly recommends be 
withdrawn. 

Subcommittee XXII on Elemted Tem- 
perature Properties of Cast Iron (J. S. 
Vanick, chairman) in consultation with 
the American Foundrymen^s Association, 
the War Metallurgy Committee, and the 
Boiler Code Committee of the American 
Society of Mechanical Engineers, pre- 
pared Tentative Specifications for Gray- 
Iron Castings for Pressure-Containing 
Parts for Temperatures up to 650 F. 
(A 278- 44 T) which was approved by 
Committee A-3, accepted by the Society, 
and appears in the 1944 Book of 
A.S.T.M. Standards, Part I. It has 
been decided that this subcommittee be 
continued to determine whether new 
specifications can be set for cast irons 
used at still higher temperatures and 
largely for nonpressure containing parts. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 136 members; 89 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

: . ,, J.:T. Mackenzie,' 

' Chairman. 

■ R/Youno,; 

Vice-Chairman. 

C. 0. Burgess,...,; 

Secretary. 



REPORT OF COMMITTEE A-5* 

ON 

CORROSION OF IRON AND STEEL 


Committee A-5 on Corrosion of Iron 
and Steel held one meeting during the 
year, on February 27, 1946, in Pitts- 
burgh, Pa. 

Since the last report 4 new members 
have been elected and 1 member h^ 
resigned. The committee membership 
now totals 131, of whom 57 are classified 
as producers, 46 as consumers, and 28 
as general interest members. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: , 

Chairman, T. R. Galloway, 

First Vice-Chairman, W. F. Markley, 
Second Vice-Chairman, L.W. Hopkins. 

I, Revision oe Tentative 
■ The committee recommends the fol- 
lowing revision in the Tentative Specifi- 
cations for Lead Coating (Hot-Dip) on 
Iron or Steel Hardware (A' 267 - 44 T) 
and its continuation as tentative; 

Title and Scope . — ^Add “alloy” between 
the words “lead” and “coating. 

Section 2.— Change to read as follows 
by the addition of the italicized words 
and the omission of the words m 

2. The lead that goes into the tank may be any 
grade of refined commercial lead in pig forei con- 
forming to the Standard Specifications mr RS 
Lead (A.S.T.M. Designation: B 29) to which tm 
ui> to 2.5 per cent has been added, or it may be 
secondary metal [or reclaimed lead] {reclaim^) 
containing [not more than] up to 2.5 per cent t^ 
Where the amount of tin is specified or where tU 
purchase is made on the tin content, then the tin 
shall be determined to the nearest 0.1 per cen . 

II Withdrawal oe Standard and 
Adopti6n oe Tentative as Standard 
Since 1938, Committee A-5 has been 

‘ ‘ Presented at the Forty-ninth Annual Meeting of the 

®“11&^Si^oFa:s!tM. Standards. Part 


responsible for two specifications both 
entitled Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Sheets; one a 
standard since 1927 and the other a 
tentative revision issued in 1938 as 
tentative specifications. 

Specifications A 93 - 38 D have been 
held as tentative for several years 
pending attempts to reach agreement 
with the Federal Specifications Com- 
mittee on the requirements for coating 
bend tests. These requirements on bend 
tests are less severe in the tentative 
specifications than are the corresponding 
requirements in the older standard 
A 93 -27/ which manufacturers state 
generally impossible to meet when 
tin is unavailable, and ako not possible 
to meet with some gages of sheets when 
tin is available. 

The committee recommends that the 
Standard Specifications A 93 be with- 
drawn, and that the Tentative Specifica- 
tions A 93 be adopted as standard with 
the following revisions: 

Section 7 .— Delete this section, which 
is very general in its statement of subject 
matter covered by the specifications, 
and replace it by the following which is 
more informative concerning the classes 
of zinc coating commercially applied in 
producing galvanized sheets; 


1 These specifications cover sheets zinc- 

coated (galvanized) by the hot-dip process. The 
weight of coating may be orfered if desired. 
Galvanized sheets are produced with five classes 
of anc coatings, applied by the hot-dip process, 

^ CtosT A Extra heavily coated sheets that 

are not intended to be formed other than by cor- 

.-Heavily coated sheets that are not 
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mtended to be formed other than by corrugating 
and curving to. large radii. 

Chss C.—Moderately heavily coated sheets 
for moderate bending. 

Oaw D.’— Ordinary coated sheets for general 
utility. These coatings approximate those of 
class C except in medium gages in which coatings 
of class B are appreciably lighter. Class D 
represents material generally available in ware- 
house stocks which is not intended for use where 
relatively long life, represented by classes A, B, 
and C, or severe forming, represented by class E, 
is required. 

Class E . — Sheets having lighter, more tightly 
adherent coatings to reduce liability of flaking in 
severe forming. The sheet maker should be 
made acquainted with the requirements of 
fabrication. 

Section 6 , — ^Add the f oUoAving as a new 
Paragraph (5), relettering the subsequent 
paragraphs accordingly: 

{h) When coating weights are specified to a 
class designation, the weight of coating for the 
gage ordered shall conform to the requirements 
prescribed in Table II. 

Table IL — ^Add the following as a new 
Table II (the accompanying Table I), 
renumbering the subsequent tables ac- 
cordingly. 


TABLE I.-ORDEREl> WEIGHT OF COATINGS, 
OUNCE PER SQUARE FOOT 


Gal- 

vanized 

Sheet 

Gage 

Number 

Class A 

Class B 

Class C 

Class B 

Class E 

8.. 

2,75 

2.50 

2,00 



9........ 

2.75 

2.50 

2.00 



10....... 

2.75 

2,50 

2.00 



11.. 

2,75 

2.50 

2.00 



12........ 

2,75 

2.50 

2,00 



13,.....:.. 

2.75 

2 50 

2.00 



14f.... ... 

2.75 

2.50 

2.00 



16....... 

2.75 

2.50 

2.00 

No Specified 

No Specified 

18.... ... 

2.75 

2.50 

1.75 

Coatings, See! 

Coatings, See 

20. 

2.75 

2.50 

1.75 

Section 1. 

Section 1. 

■22...',....! 

2.75 

2.50 

1.75 



"24.,... '...'■! 


2.50 

1.50 



26....... 


2.25 

1,25 



27... 


2.00 

1.25 



28....... 


1.75 

1.25 



29. ... , . , 


1.50 

1.25 



30 


1.25 

1,25 




III. Revision oe Standard, 
Immediate, Adoption 
The committee recommends for imme- 
diate adoption the following revision of 


the Recommended Practice for .Safe- 
guarding Against Embrittlement of Hot- 
Galvanized Structural Steel Products 
and . Procedure for Detecting Embrittle- 
ment (A 143 -35)^ and accordingly asks 
for the nine-tenths affirmative vote at the 
Annual Meeting in order that this revi- 
sion may be referred to letter ballot of 
the Society: 

Section 5 (a).— Change the first sen- 
tence to read as follows: “The use of 
open-hearth steel of tensile properties not 
higher than that called for in the Stand- 
ard Specifications for Steel for Bridges 
and Buildings (A.S.T.M, Designation: 
A 7) or equivalent, and fabricated in 
accordance with the recommendations 
of Section 4 (b) and (c) should avoid in- 
jurious embrittlement,” 

The recommendation for the above 
change is based on the uniform opinion 
of all the available members of the dis- 
banded Subcommittee X of Committee 
A-5 and otliers, and is explained as fol- 
lows by J. J. Shuman, chairman of the 
currently reconstituted Section on Safe- 
guarding Against Embrittlement, a sec- 
tion of Subcommittee VI of ’Committee 
A-S: 

Recommended Practice A 143 was prepared 
by a former Subcommittee X of Committee A-S, 
with the cooperation of Samuel Epstein of Bat- 
telie Memorial Institute, following a notable in- 
vestigation of embrittlement of galvanized steel 
in transmission towers and the like. The recom- 
mended practice in its tentative phase (1932) 
provided for the use of steel to A.S.T.M. Speci- 
fications for Structural Steel for Bridges (A 7) 
when hot-dip galvanizing was intended. At 
that time Standard A 7 called for a tensile 
strength of 55,000 to 65,000 psi., but in 1935 it 
was undergoing revision to a higher tensile range 
of 60,000 to 72,000 psi. 

In advancing A 143 to the status of standard 
(1935) tills change to a higher strength steel was 
taken into account, and in order to keep the steel 
grade unchanged the designation A 7 was revised 
to A 10, a specification for mild steel plates, I 
believe that revision was made as an editorial 
change which came about from the fact that 
Subcommittee X had been discharged and the 
specification was an orphan. 
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Standards and Tentative Continued 

WlTTO 

The following six standards have been 
published for six years or longer without 
revision. It is recommended that they 
be continued as standard without change. 

Standard Specifications for: 

Zinc-Coated (Galvanized) Iron or Steel Tie 
Wires (A 112 -33), 

Zinc-Coated (Galvanized) Iron or Steel Farm- 
Field and Railroad Right-of-Way Wire Fenc- 
ing (A 116 - 39), 

Zinc-Coated Iron or Steel Chain-Link Fence 
Fabric Galvanized After Weaving, (A117- 
33), 

Zinc-Coated (Galvanized) Iron or Steel Barbed 
Wire (A 121 -39), 

Zinc (Hot- Galvanized) Coatings on Structural 
Steel Shapes, Plates and Bars, and Their 
Products (A 123 - 33), and 

Standard Methods of Test for: 

Weight of Coating on Zinc-Coated Iron or Steel 
Articles (A 90 -39). 

It is also recommended that the Ten- 
tative Specifications for Zinc Coating 
(Hot-Dip) on Iron and Steel Hardware 
(A 153 - 42 T) be continued as tentative, 
as changes under consideration by Sub- 
committee VI have not yet been satis- 
factorily formulated. 

Editorial Change in Standard 

Standard Specifications for Zinc (Hot- 
Galvanized) Coatings on Structural 
Steel ^ Shapes, Plates and Bars, and 
Their Products (A 123 -33): 

Section 5 (a) , — Add the following foot- 
note to this section: 

^ See Recommended Practice for Safeguard- 
ing Against Embrittlement of Hot-Galvanized 
Structural Steel Products and Procedure for De- 
tecting Embrittlement (A.S.T.M. Designation: 
.A 143), ■ 

.Change, in Responsibility for 
Specification 

The committee, following the advice 


of its Subcommittee VI, recommends 
that the responsibility for the followifig 
specification be transferred to Commit- 
tee B-8 on Electrodeposited Metallic 
Coatings: 

Tentative Specifications for Electrodeposited 
Coatings of Cadmium on Steel (A 165 - 40 T). 
(These specifications cover cadmium coatings 
in the range of 0.00015 to 0.0005 in. in thick- 
ness.) 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists 
of 131 members; 84 members returned 
their ballots, with the results shown in 
Table II. 


TABLE II.— ANALYSIS OF LETTER BALLOT VOTE. 

J; : 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

‘‘Not 

Voting*’ 

I. Revision or Tentative 
Spec, for Lead Coating (Hot- 
Dip) on Iron or Steel Hardware 
(A 267- 44 T) 

54 

0 

30 

II. Adoption or Tentative as 
Standard 

Spec, for Zinc-Coated (Galvan- 
ized) Iron or Steel Sheets 
(A 93 - 38 T), as revised . ..... 

57 

0 

27 . 

HI. Revision or Standard, 
Immediate Adoption 

Rec, Practice for Safeguarding 
Against Embrittlement of 
Hot-Galvanized Structural 
Steel Products and I^rocedure 
for Detecting Embrittlement 
(A 143 - 35) . 

59 

0 

25 

IV, Withdrawal of Standard 
Spec, for Zinc-Coated (Galvan- 
ized) Iron or Steel Sheets 
(A 93 - 27) 

49 

0 

35 


Activities of Subcommittees 

Subcommittee III on Inspection of An- 
napolis Tests (Ewart S, Taylerson, chair- 
man), — The report of this subcommittee 
is appended hereto. 

Subcommittee V on Total Immersion 
Tests (W. J. JeSries, chairman).— -The 
test program of this subcommittee on 
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underwater exposure tests has been com- 
pleted. The preparation of a paper 
covering a statistical study of a large 
amount of accumulated data is nearing 
completion., 

SubcommiUee VI on Specifications for 
Metallic-Coated Products (T. R. Gallo- 
way, chairman). — Substantially all of the 
information pertaining to specifications 
presented earlier in this report is the work 
of Subcommittee VI. 

The Section on Galvanized Hardware 
is studying the need for revisions in the 
specified weights of coatings on certain 
classes of rolled, pressed, and forged 
articles covered in the Tentative Specifi- 
cations for Zinc Coating (Hot-Dip) on 
Iron and Steel Hardware (A 153 - 42 T) 
(class B-2, those less than 3/16 in. in 
thickness; and class B-3, those less than 
8 in. in length). 

The Section on Lead-Alloy Coated 
Sheets has abandoned the project of pre- 
paring specifications for lead-alloy coated 
sheets which was suggested as a war 
emergency measure. Since this matter 
is now judged to be no longer urgent, 
attention is being given to the prepara- 
tion of specifications for long terne 
sheets. It is believed that completion 
of this new project will either lead the 
way to the formulation of specifications 
for lead-alloy coated sheets or obviate 
the need for such specifications. 

This subcommittee is investigating 
the need for the preparation of specifica- 
tions for galvanized rigid electrical 
conduit. 

Subcommittee VII on Methods of Test- 
ing (R. W. Baker, chairman). — The cur- 
rent research of this subcommittee is 
concerned largely with the evaluation of 
tests which are now employed, or are 
proposed, for field use (dropping tests, 
magnetic tests, and the like) for inspect- 
ing specimens to determine the weight or 
thicknesses of protective coatings. Now 


that the war is ended, and it is fairly 
certain that the necessary testing equip- 
ment can be purchased, a program is: 
being outlined for further study of the 
limits of accuracy of pertinent testing 
methods. The tests made thus far have 
been made largely by one laboratory 
with the results outlined below, but test- 
ing by additional agencies is needed, 

1. Through the use of the magne-gage, mag- 
netic measurement of the thickness of metallic 
coatings does not appear to be adaptable to hot- 
dip galvanized sheets because of what is con- 
sidered to be an unallowable variation of plus or 
minus 20 per cent from tliat weight value ob- 
tained by standard stripping methods. The 
variation w^as found to be less on coated cold- 
reduced materials, so readings on the uncoated 
sheets were made. Due to surface irregularities 
and the way the magnet strikes, a variation of 
plus or minus 15 per cent was found on bare hot- 
rolled sheets and a variation of 3 to 7 per cent 
on bare cold-reduced sheets. 

2. Whereas the Hull-Strausser dropping test, 
like the magnetic test, has been well suited to 
electroplated coatings, they give an average 
variation of plus or minus 17 per cent on hot-dip 
galvanized coatings. 

Subcommittee VIII on Field Tests of 
Metallic Coatings (C, E. Reinhard, chair- 
man). — This subcommittee has carried 
on the regular inspection of its large col- 
lection of galvanized sheet specimens, 
metallic-coated hardware parts, and wire 
and wire products which are undergoing 
atmospheric exposure tests. 

This annual report follows the usual 
precedent of Cominittee A-5 in choosing 
to publish detailed inspection records of 
sheet and hardware specimens only in 
even-numbered years (as 1946) and to 
delay until the next succeeding year the 
printing of detailed records on the per- 
formance of wire, fencing, and strand 
products. The ' .inspection ^ 'findings ■ on 
galvanized sheet and metallic-coated 
hardware are accordingly presented in a 
more detailed report appended hereto. 
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Subcommittee VIII has in hand the 
planning of additional outdoor exposure 
tests on hardware parts. 

This report has been submitted to 
letter ballot of the committee, which con- 
sists of 131 members; 84 members re- 


turned their baUots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 


the committee, 


C. D. Hocker, 

Chairman* 


J. B. Dixon, 
Secretary. 


REPORT OF SUBCOMMITTEE III ON INSPECTION OF ANNAPOLIS TESTS 


The specimens of copper-bearing and 
iioncopper-bearing corrugated black 
sheets that have been exposed at An- 
napolis, Md., since October 17, 1916, 
were inspected on April 24, and October 
19, 1945. Four failures among the No. 
22 gage sheets were found at the April 
inspection (B-25, K-4, K-6, and K-15), 
and three at the October inspection 
(Z-70S, 1-8, and K-10). No failures of 
No. 16 gage material were noted this 
year. A summary of the failures to date 
is given in Table I. 

Losses oe Weights oe Sheets from 
THE Fort Sheridan Test 

It was voted at the meeting of Com- 
mittee A-5 held in Pittsburgh, Pa., on 
June 30, 1943, that Subcommittee III 
obtain and publish further data on the 
Fort Sheridan, III, tests. When this 
test of Nos, 16 and 22 gage uncoated 
sheets was discontinued on April 16, 
1928, after 11 years^ exposure, sample 
sheets from each group were removed, 
crated, and stored in the Altoona, Pa., 
warehouse of the Pennsylvania Rail- 
road, In describing the storage condi- 
tions, M. E. McDonnell writes as fol- 
lows: “While these sheets were stored 
in Altoona they were in a warm, dry 
room under lock and key, and any cor- 
rosion which could have occurred under 
these conditions would, in my judgment, 
be negligible.’’ The sheets were sent to 
the Vandergrift Plant of the Irvin 
Works, Carnegie-Illinois Steel Corp. on 
July 7, 1943. The analysis of each 
sheet has been published in the Pro- 
ceedings of the Society for 1916 and 1918, 


and in 1919 the results of umpire analy- 
ses for copper content were given.^ 

No. 22 Gage Sheets: 

The No. 22 gage sheets were in such 
condition that it was agreed by the six 
members of the subcommittee or their 
representatives present, that the rust 
could not be removed by pickling without 
destroying the sheet. Therefore, it was 
decided to shear a section 2 ft. in width 
from the center of each sheet. This 
section was flattened and a specimen 
approximately 12-in. square sheared and 
cleaned electrolytically. Using these 
specimens the losses of weights were 
calculated, assuming an original weight 
of 1.25 lb, per sq. ft. 

The accompanying Table II shows 
the record of failures at Fort Sheridan 
of the No. 22 gage copper-bearing and 
npncopper-bearing corrugated black 
sheets for the 11-yr. period of the test, 
arranged in a manner similar to the 
present Annapolis test (Table I), as well 
as the loss of weight per square foot 
based on that of each 12-iii. square 
specimen after electrolytic cleaning. The 
results of the Pittsburgh test are shown 
in Table III, for comparison with 
Table I (Annapolis) and Table II 
(Fort Sheridan). 

Because there was only about one 
third of the original weight of the more 
corroded specimens remaining from the 
Fort Sheridan test, a large part of the 
area of each specimen was perforated. 

Proceedings, km. Soc. Testing Mats., Vol, XVI, 
Part I, p. 15S (1916); Vol. XVIII, Part L p. 180 and Plates 
I and IV (1918); and Vol. XVIX, Part I, p. 181 and Plate 

III (1919). 
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TABLE I.” RECORD OF FAILURES AT ANNAPOLIS OF NO. 22 GAGE COPPER-BEARING AND NON-COPPER-BEARING CORRUGATED BLACK SHEETS. 

Sheets Exposed October 17, 1916. Inspections Made Semiannually from 1917 to 1946. 
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TABLE II.— RECORD OF FAILURES AT FORT SHERIDAN OF NO, 22 GAGE COPPER-BEARING AND NONCOPPER-BEARING CORRUGATED BLACK SHEETS, 
Sheets Exposed April 9, 1917. Inspections Made Semiannually from 1917 to 1928. Rearrangement of Data from t928 Report of Committee A-5. Subcommittee IIF. 
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TABLE III.— RECORD OF FAILURES AT PITTSBURGH OF NO. 22 GAGE COPPER-BEARING AND NONCOPPER-BEARING CORRUGATED BLACK SHEETS. 

Sheets Exposed December 12 , 1916 . Inspections Made Semiaimuaily from 1917 to 1923 . 

Rearrangement of Data from 1923 Report of Committee A-S, Subcommittee III “ 
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This caused the losses of weights to be 
less than would have been the case with 
thicker sheets* 

No. 16 Gage Sheeis: 

The No* 16 gage .sheets were cleaned 


ing thiti^ film of rust dissolved in muriatic 
acid with an excess of a good inhibitor 
present. Table IV giveSj in rearranged 
form, the previously pubhshed analyses, 
perforation data/^andTosses of;-' weights 
of the Fort Sheridan sheets, assuming an 


TABLE IV.— RECORD SHERIDAN OF NO. 16 GAGE COPPER-BEARING AND 

NONCOPPER-BEARING CORRUGATED BLACK SHEETS. 


gleets Exposed Apnl 9. 1917. Inspections Made Semiannually from 1917 to 1928. 
Rearrangement of Data from 1928 Report of Committee A-5, Subcommittee III.® 


Groups 


ZZ4..... 

00 ...... 

MM 

BB 

zzsos... 

ZZ506... 

TT 

KK 

HH 

ZZ7 

ZZ 6 


ss.... 

DD... 

XX... 

cc... 

CCC., 

uu... 

vv... 

AA... 

ZZ,.,. 

,ZZ1.. 

II..., 

ZZ2,. 

ZZ3., 

YY... 

■ EE... 




Average Analysis, per cent® 

Number 
of Sheets 
in Test 


Loss of Weight, 
lb. per sq. ft.® 


Designation 

w 

.S 

<D 

tn 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Silicon 

Copper 

Holes After 
Cleaning 

A 

B 

c 

0 

bo 

<5 

■Mi 

Group^ 

Open-hearth Steel 

B 

0.02 

0.39 

0.040 

0.028 


0.030 

2 


0.87 

0.83 


0.85 

ZZ4 

Open-hearth Steel 

A 

0.11 

0,37 

0.009 

0.029 

0.007 

0.038 

12 


0.70 

0.71 

0.77 

0.73 

00 

Open-hearth Steel 

Bs 

0.02 

0.41 

0.010 

0.029 

0.007 

0.057 

14 


0.57 

O.SS 

0.57 

0.56 

MM 

Open-hearth Steel 

A 

0.06 

0,35 

0.022 

0.048 

0.037 

0.129 

17 


0.55 

0.51 

0.63 

0.56 

BB 

Open-hearth Steel • 
Open-hearth Steel 

B 

0.02 

0.05 

0.39 

0.37 

0.072 

0.050 

0.081 

0.055 

0,009 

0.268 

0.180 

2 


0.80 

0.7S 



0.80 

0.75 

. . . .ZZ 505 
. . . .ZZ 506 

Open-hearth Steel 

B 

0.08 

0.31 

0.009 

0.020 

0.006 

0.223 

14 


0.75 

0.83 

0.66 

0.75 

TT 

Open-hearth Steel 
(acid) 

Open-hearth Steel 

A 

0.11 

0.43 

0.085 

0,043 

0.005 

0.234 

19 


0.53 

0.59 

0.61 

0.58 

KK 

A 

0.07 

0.37 

0.011 

0.026 

0.004 

0.237 

17 


0.61 

0.69 

0.60 

0.62 

...... .HH 

Open-hearth Steel 

B 

0.06 

0.39 

0.049 

0.044 


0.318 

2 


0.67 

0,73 


0.70 

ZZ 7 

Open-hearth Steel 

B 

0.09 

0.34 

0.038 

0.077 

0.003 

0.641 

2 


0.69 

0.73 


0.71 

ZZ6 

. Open-hearth Iron 

B 

0.02 

0.02 

0.006 

0.021 

0.006 

0.025 

12 

few 

1.10 

1.05 

1.11 

1.09 

SS 

, Open-hearth Iron 

A 

0.02 

0.03 

0.004 

0.027 

0.004 

0.028 

19 


0.93 

0.95 

0.87 

0.92 

..DD 

. Open-hearth Iron 

B 

0.02 

0,06 

0.008 

0.030 

0.005 

0.028 

14 


0.91 

1.01 

0.98 

0.97 

XX 

. Open-hearth Iron 

A 

0.02 

0.03 

0.004 

0.032 

0.003 

0.067 

12 


0.81 

0.91 

0.92 

0.88 

CC 

. Open-hearth Iron 

A 

0.02 

0.03 

0.005 

0.028 

0.005 

0.236 

12 


0.89 

0.97 

0.98 

0.95 

CCC 

. Open-hearth Iron 

B 

0.02 

0.07 

0,008 

0.028 

0.005 

0.239 

13 


0.81 

0.71 

0.80 

0.77 

UU 

. Open-hearth Iron 

B 

0.02 

0.05 

0,007 

0.019 

0,004 

0,299 

19 


0.87 

0.65 

0.80 

0.77 

w 

. Bessemer Steel 

A 

0.04 

0.42 

0.083 

0.042 

0.004 

0.012 

17 

few^ 

1.06 

0.89 

0.89 

0.95 

A A 

. Bessemer Steel 

B 

0.08 

0.45 

0.102 

0.037 

0.008 

0.014 

2 

few 

1.12 

1.14 


1.13 

ZZ 

. Bessemer Steel 

B 

0.08 

0.40 

0,091 

0.035 

0.006 

0.154 

1 


0.76 



0.76 

ZZ 1 

. Bessemer Steel 

A 

0.06 

0.37 

0,095 

0,066 

0.006 

0.247 

19 


0.53 

0.51 

0.50 

O.Sl 

n 

Bessemer Steel 

B 

0.08 

0.34 

0.094 

0.037 


0.279 

2 


0.75 

0.69 


0.72 

ZZ 2 

. Bessemer Steel 

B 

0.07 

0.36 

0.082 

0.033 


0.528 

2 


0.56 

0,61 


0.59 

ZZ3 

. Wrought Iron,. 

B 

0.03 

0.05 

0.123 

0.019 

0.203 

0.023 

3 

very 

few 

0.94 

0.91 

0.82 

0.89 

YY 

. Wrought Iron 

A 

0.04 

0.03 

0.119 

0.018 

0.125 

0.319 

12 

Total. . 260 

0.62 

0.58 

d..55 

0.58 

EE 


® Am, Soc. Testing Mats., Vol. XXVin, Part I, p. 152 and Plate I (1928). 

^ The suffix number after the ZZ sheet designations refers to first digit of the three identification numbers. 

® Sheet analyses as given in the Analysis of Steel Sheets, Series “A", for Corrosion Tests, see Proceedings, Am. Soe. 
Testing Mats., Vol. XVI, Part I, p. 155 (1916); Vol. XVIII, Part I, p, 160 and Plates I and IV (1918); and the Analysis of 
Steel Sheets, Series “B”, Vol. XVIII, Part I, p. 163 and Plates I and IV (1918). ... 

^ The only failures (visible perforations) noted during the 11 yr. of exposure were 4 of the 17 sheets in this group. 
* Original weight assumed to be 2.50 lb. per sq, ft. 


of rust and reweighed in the presence of 
six members of the subcommittee or their 
representatives. The heavy rust could 
not be removed without excessive attack 
on the base metal, therefore, it was 
removed mechanically, and the remain- 


original weight of 2.50 lb. per sq. ft. 
For comparison, the records of the No. 16 
gage sheets exposed at Pittsburgh are 
shown in Table V. It is of interest that 
only three of the No* 16 gage sheets 
exposed at Annapolis have been declared 
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failures due to perforations during the 
29-yr. period of exposure. These were 
from group ''A'' (low-copper Bessemer 
steel) which had the shortest average 
life at Pittsburgh and was the only No. 
16 gage material to show perforations at 
Fort Sheridan, 


This report of Subcommittee III has 
been unaminously approved by the sub- 
committee. 

Respectfully submitted on behalf of 
the subcommittee, 

Ewart S. Taylerson, 
Chairmm, 



REPORT" 'OF SUBCOMMITTEE VIII ON FIELD TESTS OF METALLIC 

COATINGS 


The regular inspections of the exposure 
tests of specimens of galvanized sheet, 
metallic-coated hardware, wire, and wire 
products were continued during the year. 
One inspection of the Key West, Fla., 
specimens was made in April, 1946. 
The present report comprises largely the 
detailed data obtained in the sheet and 
hardware tests. 

Galvanized Sheet Exposure Tests 


Altoona^ Pa.: 

Coating failure and complete removal 
of coating have occurred on all originally 
coated specimens. All uncoated speci- 
mens had previously perforated and 
perforations had occurred in the coated 
sheets in all weights of coating classes. 

The difference between the life of 
copper-bearing and noncopper-bearing 
sheets is marked whether originally un- 
coated or coated. 


A summary of the failures of coatings 
and sheets (perforations) at each of the 
test locations has been assembled in 
Table I. For each location are shown 
the number of specimens of each weight 
of coating class on test, the number of 
specimens showing coating failure be- 
tween October, 1943, and October, 1945, 
and, where sufficient failures have oc- 
curred, the average mmimum and maxi- 
mum life of the coating to first rust, the 
average time to complete rusting, and a 
record of the perforations noted between 
October, 1943, and October, 1945. 

Since the tests at Altoona and Brunot 
Island are nearing completion, a detailed 
record of the perforation of individual 
sheets can be given. These records will 
be found in Tables II and III, together 
with the chemical composition of the 
iron or steel. The data for uncoated 
and coated No. 22 gage sheets only are in- 
cluded, providing a direct comparison 
for sheets of this gage. 

A brief resume of the status of the 
tests at each location follows. The 
exposure period is approximately 19| 3 rr, 
for aU locations. 


Brunot Island (PiUsburgh)^ Pa.: 

Coating failures and complete removal 
of coating have occurred on all originally 
coated specimens. All uncoated speci- 
mens had previously perforated. Some 
perforations have now occurred in all 
weights of coating classes of the origi- 
nally coated sheets. 

At this location the difference between 
the life of copper-bearing and noncopper- 
bearing sheets is as marked as at Altoona. 

Sandy Eooh^ N. J.: 

Coating failure has now occurred on 
aU originally coated sheets. Complete 
coating removal is confined to the 1.50- 
oz. per sq. ft. weight and under coating 
classes. No originally coated sheets have 
perforated. All uncoated sheets had 
been reported perforated in earlier re- 
ports. 

State College^ Pa.: 

During the past two years only three 
additional coating failures were observed 
at this location. The coating failures 
are confined to the 2.0-oz. per sq. ft. 
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On Field Tests of METAiLie Coatings 


weight and under coating classes. No 
perforations have been recorded in either 
the uncoated or coated groups. 

Key West, Fla.: 

Some additional sheets showed the 
perforation from corrosion originating 
on the under side at the April, 1946, 
inspection. Some sheets in all weights 
of coating classes now -show this com 
dition. 

Normal coating failure (rusting) is 
still confined to the 0.7S-oz. per sq. ft 
coated sheets and the areas rusted con- 
tinue to be small A few sheets now 
show rusting in the areas previously 
spotted by corrosion from the under 
side, making it difficult to distinguish 
the two types of failure except in those 
instances where visible perforation has 
occurred. 

All uncoated sheets had previously 
perforated. The difference between the 
life of copper-bearing and noncopper- 
bearing sheets was not as marked at this 
location as at the northern severe in- 
dustrial locations. 

Bend Tests 

The inspection of the numerous bend 
specimens is being continued at all loca- 
tions. No summarization of the avail- 
able data has been made. The main 
purpose of the inclusion of this item in 
the report is to serve notice that these 
tests are being continued even though 
no mention has been made in recent 
reports. A general statement can be 
made that bending has not seriously de- 
creased the useful life of the coatings 
or the sheets. In addition, spots at 
which the coatings flaked due to the 
bending have not become points of 
failure at any test location. Where 
general rusting has developed, the orig- 
inally flaked spots are no longer dis- 
tinguishable from the originally unflaked 
areas. At Key West only a few of the 


largest flaked areas on heavily coated 
sheets show smal rust areas and all 
specimens carrying 0.75 oz. per sq. ft. 
of coating show pronounced rusting. 
The rusting of the bend specimens indi- 
cates a slightly greater rate of corrosion 
than on corresponding sheet specimens, 
which may be due as much to the ex- 
posure position as to the bending. 

Expostjee Tests oe Metallic-Coated 
Hardwaee 

The data obtained in the routine 
semiannual inspection of the hardware 
specimens at the three remaining test 
locations have been assembled in Table 
IV. These cover the period from April, 
1943, to October, 1945. The Key West 
exposures were inspected only twice: 
April, 1944, and April, 1946. The test 
racks at this location were rebuilt during 
January, 1946. All of the test racks 
have now been rebuilt. The arrange- 
ment of the specimens on the recon- 
structed Key West rack is in accordance 
with the original plan since relatively 
few specimens had 100 per cent of their 

surface area rusted. 

* • 

A brief resume of the status of the 
tests at each location follows. 

Altoona, Pa.: 

All tests discontinued in 1942. Last 
tabulation of data was in 1944 report.^ 

Brunot Island {Pittsburgh), Pa.: 

All tests discontinued, specimens were 
stolen during the summer of 1939. Last 
tabulation of data was in 1944 report.^ 

State College, Pa.: 

Only zinc, aluminum, and lead-coated 
specimens remain on test at this location. 
A few of the hot-dip zine-coated speci- 
mens show yeUow alloy layer rust but 
remain free from rough red rust. Some 

1 Report of Subcommittee VIII on Field Tests of 
Metallic Coatings, Committee A-5, Frcceedings, Am. Soc. 
Testing Mats., VoL 44, p. 92 (1944), 
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table I.— RECORD OF COATING FAILURES AND PERFORATIONS. 


Description' 

Number of,, Specimens 
Rusted 

Life of 

Coating to First | 
Rust, yr. 

Average 
Time to 
Complete 
Coating 
Removal, 
yr. (lOOR) 

Number, of Specimens, 
PerforatedJ^ 

Gage 

■ Weight of '■ 
Coating, 02 . 
per ,sq, ft. 

o 

fl 

Ch 

tj 

o 1 

April, 1944 

Oct., 1944 

1 

< 

lO 

Ov 

T-l 

u 

o 

Average 

Minimum 

Maximum 

fO 

! "sf 

1 

u 

O 

April, 1944 

i 

O 

April, 1945 

Oct., 1945 


Altoona, Pa. (Exposed April 22, 1926)® 


No,,16„ 

2,5......:......: 

10 

10 





4.4 

4.3 

4.8 

11.1 

2 

! 2' 

2 

2 

. 2 . 

No, 22 

2.5 

18 

18 





4.6 

3.3 

6.3 

11.2 

3 

3 

3 

3 

■ ■ 3'.'.' 

No. 22 

2.0....,...^ : 

18 

18 





3.8 

3.3 

4.3 

8.1 

3 

3 

4 

7 

8 

No. 22 

1.5........... . 

18 

18 





3.0 

2.3 

3,3 

5.7 


10 

11 

14 

' .14. 

No. 22 

1.25 

18 

18 





2.4 

2.3 

3.3 

4.3 

12 (D* 

12 

12 

14 

IS' 

No. 22' 

0,75. 

14 

14 





1.9 

1.4 

2.3 

3,1 

11 (D* 

11 

11 

11 

11 

No. 28 

0^.75.' ... 

10 

10 





2.1 

1.4 

2.3 

3.1 

10 (l)J 





No. 22 

Uncoated : 

10 










10 (1)"' 






Brdnot Island, Pa.® (Exposed April 21, 1926) 


No. 16 

2.5 

12 

12 





5.2 

4.3 

5.8 

14.2 

2 

2 

2 

2 

■2 '■ 

No. 22 

2.5 

18 

18 





5.9 

4.0 

8.5 

14.3 

0 

0 

0 

1 

3 

No. 22 

2.0...... 

18 

18 





4.6 

3.5 

5,8 

11.7 

2 

2 

3 

3 

3 

No. 22 

1.5 

18 

18 





3.5 

3.3 

4.3 

8.6 

5 

5 

8 

9 

9 

No. 22 

1.25 

18 

18 





3.2 

2.5 

3.3 : 

6.1 

6 

6 

7 

8 

10 

No. 22 

0.71 

14 

14 





2.2 

2.0 

2.3' 1 

4.2 

.4 

6 

6 

7 

8 

No. 28 , 

0.75 

10 

10 





2.2 

2.0 

2.3 ; 

3.8 

8 

8 

8 

9 

9 

No. 22 

Uncoated 

10 

10 









10 






Sandy Hook, N. J. (Exposed May 20, 1926) 


No. 16 

2.5 

12 

12 





11.8 

10.4 

13.4 1 


0 

0 

0 

0 

0 

No. 22 

2.5 

18 

17 

17 

18 



13.1 

10.4 

18.4 


0 

0 

0 

0 

0 

No. 22 

2.0 

18 

IS 





10.0 i 

8.5 

12.4 


0 

0 

0 

0 

0 

No. 22 

1.5 

18 

18 





7.6 

6.4 

9.5 

17.9*^ ! 

0 

0 

0 

0 

0 

No, 22 

1.25 

18 

18 





6.8 

5.9 

7.4 

15.2 i 

0 

0 

0 

0 

0 

No. 22 

0.75 : 

14 

14 





4.8 

4.4 

6.4 

11.3 i 

0 

0 

0 

0 

0 

No. 28 

0.75 

10 

10 





4.9 

4.4 

6.4 

11.0 ! 

0 

0 

0 

0 

0 

No. 22 

Unccated 

10 










10 






State College, Pa. (Exposed April 23, 1926) 


No. 16 

2.S 

12 

0 

0 

0 

0 

0 





0 

0 

0 

0 

0 

No. 22 

2.5. 

18 

0 

0 

0 

0 

0 





0 

0 

0 

0 

0 

No. 22 

2 . 0 ........... 

18 

1 

1 

2 

2 

2 


17.5 



0 

0 

0 

0 

0 

No. 22 

1.5 

18 

13 

13 

15 

IS 

15 

17.0"^ 

14.0 



0 

0 

0 

0 

0 

No. 22 

1.25 

18 

18 





14.6 

12.0 

16.5 


0 

0 

0 

0 

0 

No. 22 

0.75 

14 

14 





10.0 

6.5 

11.5 


0 

0 

0 

0 

0 

No. 28 

0.75 

10 

10 





11.2 

9.5 

13,0 


0 

0 

0 

0 

0 

No. 22 

IJncoated 

10 









... 

^ ! 

0 

0 

0 

0 


Key West, Fla.-^ (Exposed June 9, 1926) 


No. 16 

2.5 

12 


0 



o 1 April, 1946 






(2) 1 



§ April, 1946 

No. 22 

2.5 

18 


0 



0 






(0) 0 i 



(2) 0 

No. 22 

2.0 

18® 


0 



0 






(6) 3 1 



(10) 5 

No. 22 

1.5 

18 


0 



0 

■ ' * ‘ i 





(13) 8 1 



(16) 9 

No. 22 

1.25 

18® 


0 



0 





j 

(16) 13 



(17) 13 

No. 22 

0.75 

14 


8 



14 


is’s 

19‘i 



(13) 12 



(14)11 

No. 28 

0.75 

10 


7 



9 

.:i7.6‘^ 

14.8 




(9) 3 1 



(9) 3 

No. 22 

Uncoated 

10 










■ 1 

• 1 

10' I 



10 


® A detailed record of coating failures may be found in the 1933 Report, Table I; see Froceedings. Am. Soc. Testing 
Mats., \ 01. 33, Part I, p. 150 (1933). 

° Number of sheets blown away by storm which had not previously failed are indicated in parentheses. They are 
included in the total but not in the averages. 

® A detailed record of coating failures may be found in the 1938 Report, Table II; see Frocesdings, Am. Sqc. Testing 
Mats., Voi. 38, Part I, p. 86 (1938). Uncoated sheet failures are given In the 1940 Report, Table VX: see Froceedings, 
Am. Soc. Testing Mats., Vol. 40, p, 110 (1940), 

® Values so marked are not final; not all specimens in this particular group have failed. 

®Two sheets in these groups removed after 14.8 yr. All showed the characteristic perforation except one in the 
2.0-pz. class. 

J At Key West, perforations are indicated by a yellow-brown stain showing through the coating on the upper surface 
frorti corrosion originating on the under side of the sheet. The sheet may be neither visibly perforated nor show normal 
coating failure on the top surface. Two values are shown for perforation at this location. Those values in parentheses 
refer to the stain spots described and^ correspond to the values given, in previous reports. It should be remembered that 
while the other values for this location (those not in |xirentheses) refer to visible perforations, they develop from the 
stain spot or indicated perforations and cannot be compared with the values for normal perforations at other locations. 



TABLE II.—YEARS TO PERFORATION OF UNCOATED AND COATED STEELS AT ALTOONA, PA. 
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TABLE III.— " 

Class of Material 

Open-hearth iron 
Open-hearth iron 
Open-hearth iron 
Open-hearth iron 
Open-hearth iron 

Open-hearth steel 
Open-hearth steel 
Open-hearth steel 
Open-hearth steel 

Wrought iron 
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fication 




g g 4> M 
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fication 

ft^pizin 

I><C/5UM 



* Sheet not perforated. ® Less than 0.003 per cent; results of one laboratory. 

“Two values shown are for top and bottom sheets. ® Less than 0.000 per cent; results of one laboratory 

^ Average of determinations in one laboratory. ® No sheet in test. 
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i These specimens were removed in the fall of 1942 when the racks were rebuilt. 


2-in. Diameter Tubuear Goods 
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I These specimens were removed in the fall of 1942 when the racks were rebuilt. 
® 40R* on hot dip aluminum j some electrogalvanized and hot dip zinc OR. 


TABLE IV.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL SHAPES, TUBULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST 

RACKS AT FIVE LOCATIONS.— 

Abbreviations and symbols used: 0, no rust; 5, 10,25, 100, approximate percentages; R, rusting of base metal; Y, yellow or orange yellow rust; *, rust spots widely distributed; D, black or dark surface 
film (soot or dirt); a, in angles; <, less than; e, edges; TH, threads; TR, trace; SL, slight; N, near; S, stain; X, 100 per cent rust listed in previous reports. 
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film (soot or dirt); a, in angles; <, less than; e, edges; TH, threads; TR, trace; SL, slight; N, near; S, stain; X, 100 per cent rust listed in previous reports. 
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Hot-dip aluminum ...... 

Cadmium-plated. ....... 

Electric Sherardized .... 

Gas Sherardized 

Lead-plated. ........ . . . . 


Electrogalvanized ...... 

Electrogaivanized ._. .... 

Hot-dip galvanized. ..... 

Hot-dip aluminum 

Cadmium-plated. ... 

Electric Sherardized 

Gas Sherardized 

I«ad-plated....... 


Electrogalvanized 

Electrogalvanized 

Hot-dip galvanized 

Hot-dip aluminum 

Cadmium-pla ted .... 

Electric Sherardized 

Amaloy 


Electrogalvanized 

Electrogalvanized 

Hot-dip galvanized 

Hot-dip aluminum 

Cadmium-plated .... 

Cadmium-plated 

Electric Sherardized. . . ^ . 

Gas Sherardized ..... 

Parkerized. 


Electrogalvanized. ...... 

Electrogalvanized . . : . . . ; 

Hot-dip galvanized 

Hot-dip aluminum 

Cadmium-plated — .... 

Cadmium-plated. ....... 

Electric Sherardized. .... 

Gas Sherardized. . ... .... 

Parkerized..... — ., ... 
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of the electrogalvanized and Sherardized 
specimens had rusted ' completely and 
were not replaced. A few specimens 
■carrying heavy coatings of these types 
remain on test. The aluminum-coated 
specimens are free from rust except at 
threaded areas where the threads had 
been recut due to roughness of the 


coating. ^ The lead-coated' specimens do 
not show much change in the p^centage 
area of pinhole rusting characteristic of 
this coating. The percentage estimates 
vary, probably due more to the inspec- 
tors’ judgment than actual changes in 
appearance. A few sets of the lead- 
coated specimens now show smaE areas 


TABLE V.—CORROSION CONDITIONS OF ZINC-COATED UNFABRICATED WIRES AFTER APPROXI- 
MATELY NINE YEARS* EXPOSURE. 

R, rust; Y, yellowed; G, gray; M, metallic; MG and GY, intermediate states. 


Coating Group, oz. 
per sq. ft. 

Pitts- 

burgh, 

Pa. 

Sandy 
Hook, 
N. J. 

Bridge- 

port, 

Conn. 

State 

College, 

Pa. 

Lafay- 

ette, 

Ind. 

i 

Amies, 

lo^a 

Man- 

hattan,, 

Kans. 

Ithaca, 
N. Y. 

Santa 

Cruzi 

Calif. 

College 

Station, 

Tex. 

Davis, 

Calif. 

0.20 to 0.30, ...... .. 

lOOR 

lOOR 

lOOR 

lOOR 

lOOR 

lOQR 

■Y ; 

lOOR 

:, iGY 

4R 

G 

0.25 to0.3S 

lOOR 

lOOR 

lOOR 

lOGR 

lOOR 

64R 

4R • 

98R . 

; GY 

2R 

G 

0.35 to 0.45 

lOOR 

lOOR 

lOOR 

lOOR 

lOOR 

17R 

GY : 

lOOR- 

; GY 

GY 

G 

6.45 to 0.55 

lOOR 

lOOR 

lOOR 

40R 

87R 

IR 

GY::: 

27R 

GY 

GY 

G , 

0.50 to 0.60... 

lOOR 

lOOR 1 

lOOR 

20R 

46R 

IR 

MG,-: 

19R 

• MG, 


MG 

0,60 to 0.70 

lOOR 

lOOR 

lOOR 

2R 

24R 

iG 

. G':i\ 

IR ; 

' 1 G ' 

G 

GY 

0.70 to 0.85... 

lOOR 

lOOR I 

lOOR 

GY 

13R 

G ^ 

. MG 

G 

; mg; 

G 

MG 

0.80 to 1,00. 

lOOR 

87R ! 

95R 

GY 

IR 

iG 

i MG ■■ 

G . 

MGi 

0 ' 

MG 

1 00 frt 1 

lOOR i 

2R i 

25 R 

G 

G 

Kj 

: MG 

..G'' 

j ' i 

G 


1.60 to l.SS 

ICOR 

IR ! 

IR 

G ’ 

G 

iQ 

MG ^ 

M 

mg: ' 

G 

,MG 

2.00 or more, 

99R 1 

G : 

G 

G 

G i 

■ G 

MG 1 

M 

' MG: 

G 

MG 


TABLE VI.-NUMBER OF WIRE SPECIMENS 
REMOVED FOR TENSION TESTS. 



Number of Wires 
Removed in 1945 

1 


Location 

Bare Steel 

Zinc-Coated 

Lead-Coated 

Copper-Coated 

Chrome, Nickel Steel 

M 

.2 

'u 

Ph 

TS 

i 

& 

cn 

o 

M 

g 

Total Removed to Date 

Pittsburgi, Pa 

Sandy H<3k, N, J.. 

0 

15 

0 

2 

10 

546 

373 

0 

52 

0 

0 

0 

207 

259 

Bridgeport, Conn...) 
State College, Pa... 

3 

56 

0 

0 

0 

169 

228 

0 

0 

0 

0 

0 

88 

88 

Another locations.. 

0 

0 

0 

0 

0 

282 

282 

Total............ 

3 

123 

0 

2 

10 

1292 

1430 


(trace }tb 5 per cent) ot ordinary deep- 
seated scale rust in addition to the pin- 
hole rusting. 


Sandy Hook, N. , 

As at State CoEege, only zinc, alumi- 
num, and lead-coalted specimens remain 
on exposure. Several jof the hot-dip 
zinc-coated specimens show red rust and 
most of them yellow ru^t. j A few of the 
hot-dip aluminum-coalted specimens 
showed a yellow pinhole type bf rust, 
but not always at consecutive inspec- 
tions. There may be spme sealing and 
reopening of pores in tfie jcoating since 


TABLE vn.— LOSS OF WEIGHTS OF ZINC-COATED WIRES EXPOSED AT STATE COLLEGE, PA. ( 8.29 YR.) 
I Tests on Unfabricated Wires Weighed and Measured Before Exposure — Losses of Weight in Ojunces per Square Foot 


Gage of 'Wire 

Group A® 

Group B“ 

Group C®' ' : } 

Average 
of Like . 

■' Wire, Lot " 

Loss^ 

Wirelx>t 

Loss^ 

Wire Lot 

' Loss®' 

Gages ■ ,, 

'No. 6 

No. 9,... 

No. 148 

0.507 

Nol24r 

0.526 

No. 248 

0.419 

'.■■■'■'0,507 ■'■ 

0.472 

No. 11 

No. 346 

Q.S27 

No: 345 

0.549 

No. 348 

0.434 

0.503 

No. I4| 

No. 542 

0.563 

Noi 541 

0.548! 

No, 540 

0.410 

0.S40 


Average 

0.532 

Average 

0.541; 

Average 

: 0.421 

0.498 


® By reference to the published referee test results, the wires, listed under Group A (or B, or C) will be found to be 
closely alike as regards base-metal composition and coating characteristics. 

® Each weight-loss figure is the average of four specimens qf ;each wire lot number. 
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there is present on these specimens a 
white bloom of corrosion products some- 
times covered by a dark layer. The 
aluminum-coated specimens show rust- 
ing at recut threads. The lead-coated 
specimens continue to show the pinhole 
type of rust over a large percentage of 
the surface area and some additional 
sets now show the start of normal scale 
rusting. 

Key West^ Fla,: 

All of the original specimens remain 
on exposure at this location. However, 
complete rusting had previously occurred 
on all Parkerized samples and some of 
the thinly coated electrogalvanized, 
Sherardized, and cadmium-plated speci- 
mens. At the April, 1946, inspection: 
(i) most of the hot-dip galvanized speci- 
mens were still free from rust, {2) nearly 
all hot-dip aluminum-coated specimens 
show pinhole rusting and a heavy white 
corrosion crust, and (J) the lead-coated 
specimens continue to show pinhole 
rusting characteristic of this type of 
coating with less tendency toward scale 
rusting than at the northern locations. 

Exposure Tests oe Wise and Wise 
Products 

Regular semiannual inspections of the 
specimens on exposure at Pittsburgh, 
Sandy Hook, Bridgeport, and State Col- 
lege were continued in 1945. The regu- 
lar annual inspections at the university 
test plots were made by the resident 


university people. The findings from 
these visual inspections are summarized 

in Table V. 

During 1945 there were removed 138 ■ 
tension specimens, as shown in Table' VI. 
The tension tests on the wires which 
were originally zinc-coated and are now 
rusting do not ' show any signfficant; 
change in the rate of strength loss previ- 
ously noted for such wires, Thexopper- 
covered wires, and the chrome-nickel , 
wires removed from the Pittsburgh test 
plot (the most corrosive site) do not 
show any loss in tensile strength as yet. 
No lead-coated wires were removed for 
test in 1945. 

In addition to the above removals, 
the last remaining set (36 wires) of 
weight-loss specimens was removed from 
State College. The results from these 
weight-loss specimens are shown in 
Table VII, The over-aE average an- 
nual loss of coating in ounces per square 
foot of surface for this group at State 
College is 0,060. This concurs with the 
previously published figure for this site. 

This report has been submitted to 
letter ballot of Subcommittee VIII con- 
sisting of 67 members; 49 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the subcommittee, 

C. E. Reinhasd, 
Chairman. 



REPORT OF COMMITTEE A-6^ 

ON 

MAGNETIC PROPERTIES 


Due to traveling conditions, only 
one meeting of Committee A>6 on Mag- 
netic Properties has been held since 
the 1944 Annual Meeting; however, 
it has been found possible to carry on 
much of the work by correspondence. 
No report was submitted last year. 

Since the previous report in 1944, the 
following additions have been made to 
the committee personnel: Cecil J. Bier 
of the Biad Powder Metallurgy Co.; 
Patrick E. Cavanagh of the Alien B. 
DuMont Labs.; Gilbert Feth of the 
Follansbee Steel Corp.; C. C. Horstman 
of the Westinghouse Electric Corp.; 
and a representative of the Navy De- 
partment. J. S. Murray and S. L. 
Burgwin have resigned. The loss of 
A. V. de Forest by death, is deeply 
regretted by the committee. 

Since the previous report, the 15- 
kilogaiiss test for core loss has been 
generally adopted by industry as a 
standard for acceptance tests of elec- 
trical sheet, The 10-kilogauss test is 
still optional, except for oriented grain 
material for which the higher induction 
test only is used. 

Work on the development of a stand- 
ard form for preparing specih cations 
for electrical sheet has continued. A 
much improved form is now^ before the 
committee for consideration. 

In view of the fact that some of the 
tests specified in 34 involve properties 
other than magnetic, the Executive Com- 
mittee of the Society has been asked to 
approve a change in the title of Com- 

* Presented at tlie Forty- ninth Annual Meeting of the 
Society, June 24-28, 1946. 


mittee A-6 to read: Committee A-6 
on Magnetic Materials.’’ Also a change 
in the scope of the Committee was 
suggested, as follows: 

Scope , — ^Tiie promotion of knowledge of the 
properties of magnetic materials and the formu- 
lation of standards relating thereto. 

The present officers and members of 
the Advisory Committee have been 
reelected for the ensuing term of two 
years. 

I. New Tentative 

The committee recommends for pub- 
lication as tentative new Methods of 
Test for Core Loss at Frequencies 
Higher than Pow-er Frequencies and 
Ductility of Magnetic Materials^ to 
be eventually incorporated in Standard 
Methods A 34. The test procedures for 
core losses at frequencies from 200 to 
2000 cycles were prepared following a 
series of round-robin tests which showed 
remarkably good agreement. The test 
procedures for ductility cover the Olsen 
or Erichsen cup test and a bend test 
for use at the option of the purchaser 
or seller. 

II. Adoption of Tentative as 
Standard 

The committee recommends that the 
Tentative Definitions of Terms, with 
Symbols, Relating to Magnetic Testing 
(A 127 - 44 T)^ be approved for refer- 
ence to letter ballot of the Society for 

iThis method was accepted as tentative by the Society 
and appears in the 1946 took of A. S.T.M. Standards, 
Part 1-A. 

2 1944 Book of A.S.T.M. Standards, Part I. 


168 



On Magnetic Properties 


169 


adoption as standard with the following 
revisions: ■ 

Coercm' Force; Iniyimic, Ed-— 
Change to read as follows: “The mag- 
netizing force required to bring to zero 
intrinsic induction of a magnetic mate- 
rial which is in a symmetrically cyclically 
magnetized condition.’^ 

Induction^ Magnetic {MagneUc Flux 
Density), the beginning of the 

third paragraph, change “Under a-c. 
conditions” to read “Under sinusoidal 
conditions.” 

Add the following new definitions: 

Coercive Force, Relaxation.— The reversed 
magnetizing force of such a value that when 
reduced to ' ero, the induction becomes zero. 

Exciting Current, a-r.— The rms. value of the 
total current supplied to a coil, linked with a 
magnetic core. 

Magnetizing Current, a-c . — The rms. value of 
the quadrature component (with respect to the 
induced voltage) of the exciting current supplied 
to a coil, linked with a magnetic core. 

Magnetic Particle Method. — In order 
to conform to the definition in Section 2 
of the Tentative Method of Magnetic 
Particle Testing and Inspection of Heavy 
Forgings (A 275 44 T), change to read 
as follows: ^^A method for detecting 
defects on or near the surface in suit- 
ably magnetized materials, which em- 
ploys finely divided magnetic particles 
that tend to congregate in regions of 
magnetic nonuniformity associated with 
the defects.” 

III. Revision oe Standard, Immediate 
Adoption 

The committee recommends for im- 
mediate adoption a revision of the 
Standard Methods of Test for Magnetic 
Properties of Iron and Steel (A34~ 
44), as appended hereto,^ and accord- 
ingly asks for a nine- tenths affirmative 
vote at the Annual Meeting in order 


8 Th's revised method was accepted by the Society and 
appears in the 1946 Book of A.S.T.M. Standards, Part I-A. 


that this recommendation may be re- 
ferred to letter ballot of the Society, 

IV. Adoption as Standard of 
Tentative Revision OF 
Standard 

The committee recommends that the 
tentative revision^ of the Standard 
Methods of Test for Magnetic Proper- 
ties of Iron and Steel (A v54 ~ 44), issued 
in 1944, be approved for reference to 
letter ballot of the Society for adoption 


TABLE I.-ANALYSIS OF LETTER BALLOT 
VOTE. ' 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

1. New Tentati\>’e 

TeV for Core Loss at Frequen-I 
cies Higher than Power Fre- 
quencies and Ductility of 
Magnetic Materials (A 34 - 
-T) 

24 

0 

0 

II. Adoption of Tentative 
AS Standaed I 

Def. of Terms, with Symbols,' 
Relating to Magnetic Testing 
(A 127 - 44 T), as revised i 

24 

0 

0 

III. Revision of Standard, 
Immediate Adoption | 

Tests for Magnetic Properties 
of Iron and Steel (A 34 - 44) . . 

24 

0 

.0 

IV. Adoption as Standard of 
Tentativ-e Revision of 
Standard 

Methods of Test for Magnetic 
Properties of Iron and Steel 
(A 34 -44) 

24 

0 

0 


as standard. These are minor changes, 
dealing primarily with the size of lots 
and provisions for additional tests in 
case of failure of the regular samples. 

The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, which 
consists of 26 members; 24 members 
returned their ballots, with the results 
shown in Table I. 

Activities of Subcommittees 

Subcommittee I on NomenclaMire and 
Definitions (P. H. Dike, chairman).—* 
No meetings of this subcommittee have 

* 1944 Book of A.S.T.M, Standards, Part I, p. 2003. 
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been held since the, previous report' in 
1944, However^ a few changes' in ex- 
isting definitions, 'and a .few new ones 
have been developed by correspondence, 
as indicated earlier in this .report. 
This committee has also acted ' as an 
Editorial Committee, with reference to 
the 'Standard Methods A 34 which have 
been completely revised, 

Suhcommitke III on Direct Current 
Test ' Methods (B. M. Smith, chairman). 
—This committee has considered a 
new method of testing feebly magnetic 
materials, as suggested by Subcommit- 
tee VIII of Committee B-4 on Elec- 
trical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. No decision 
has been made concerning its inclusion 
in Standard Methods A 34. The com- 
mittee expects soon to make recom- 
mendations with'reference to the use of 
the 25-cm. frame for d-c. testing. It 
is hoped that this method will supplant 
the use of^ permeameters for laminated 
materials, excepting for test at high- 
magnetizing forces. 

Subcommittee IV on AUernaiing Cur- 
tent Test Methods (J. P. Barton, chair- 
man). — ^This subcommittee has been 
very active, carrying on its work mostly 


by ■ correspondence. As result, new 
■ tentatives dealing with ductility tests, 
methods of measuring core losses at 
higher than power frequencies, and minor 
changes in standard , test procedures 
have been prepared. A method for 
testing the resistivity of electrical sheet 
has also been developed and is included 
in Standard Methods A 34, If it seems 
desirable, this will later be correlated 
with methods in use which were de- 
veloped by other committees of the 
Society. It is desirable to have a 
suitable methods since core losses are to 
a considerable extent a function of the 
electrical resistance of magnetic mate- 
rials. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 26 members; 24 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

Thomas Spooner, 
Chairman, 

R. L. Sanford, 

Secretary. 



REPORT OF COMMITTEE A-10* ■ 

ON 

IRON»CHROMIUM, IRON-CHROMIUM-NICKEL AND RELATED ALLOYS 


Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel and Related 
Alloys held a meeting in Pittsburgh, 
Pa., on February 26, 1946. 

The committee consists of 83 members, 
of whom 37 are classified as producers, 
34 as consumers, and 12 as general 
interest members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Jerome Strauss. 

Vice-Chairman, H. L. Maxwell. 

Secretary, H. D. Newell. 

Revision oe Standard, Immediate 
Adoption 

The committee recommends for im- 
mediate adoption the following revision 
in the Recommended Practice for Con- 
ducting Plant Corrosion Tests (A 224 - 
41)^ and accordingly asks for the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting that these modifications 
may be referred to letter ballot of the 
Society: 

Section i.— Letter this section as {a) 
and add the following as a new para- 

graph (6): 

(&) Tests of the sort considered here are 
probably the best means available for approsd- 
mating the behavior of metals in service short of 
actually constructing and operating a piece of 
equipment. With proper consideration in 
setting up the test and interpreting the results, 
useful information can be obtained. Certain 
precautions must be recognized for best results. 
These include: \ \ ' 

(i) Specimens immersed in a hot h‘quid may 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. _ 

1 1944 Book of A.S.T.M. Standards, Part I. 


not corrode at the same rate or in the same 
manner as in equipment where the metal acts as 
a heat transfer surface in heating or cooling the 
product. This restriction also applies to speci- 
mens exposed at ambient temperature in a gas 
stream from which water or other coirodants 
might condense on cooled surfaces. 

{Z) Effects due to high velocity, abrasive 
ingredients, etc., in the product which may be 
emphasized in pipe elbows, pumps, etc., may not 
easily be reproduced, 

(i) Corrosion products from a particular 
metal may have undesirable effects on the product 
even though the total corrosion is small. This 
possibility is frequently recognized in advance. 
The extent of possible contamination can be 
estimated from the weight loss of the specimen 
with proper application of the expected relation- 
ships among the area of corroding surface, the 
mass of the product handled, and the duration 
of contact of a unit of mass of the product with 
the corroding surface. 

(4) Corrosion products from the metal of the 
plant equipment used in the test may influence 
the corrosion of one or more of the test metals; 
for example, if corrosion-resistant steel specimens 
were to be exposed in copper equipment where 
the copper is corroding. 

(5) The possibility that the corrosion prod- 
ucts from one material may influence the 
corrosion of adjacent specimens of other ma- 
terials should be considered . A random arrange- 
ment of multiple specimens may provide an 
indication of such effects. 

Section 2 (/). — ^In line 2, after ^'gal- 
vanic effects” add the words “including 
galvanic protection,” 

Section 2 (g). — ^Delete Paragraph (g) 
relettering the subsequent paragraphs 
accordingly. 

Section 3 {a ). — ^At the end of item (i), 
add the words parenthetically "(see 
Item (3))”; also, add the following to 
Item (3): “Excessively thin specimens, 
which might affect the test results by 


171 



172 


Report of Committee A-10 


edge or flexure effects, should be avoided. 
A minimum thickness of tV of the longest 

dimension is suggested. Perforation or 
excessive corrosion of thin specimens may 
not be cause for rejection. Retesting 
with thicker pieces may be desirable.” 

Add new Items (^5) and (7) to read as 
foUows: 

{ 6 } When the' choice of material has been 
narrowed down in preliminary tests, further tests 
should involve consideration of the effects of 
such factors of construction and assembly as 
welding, soldering, cold working, etc. 

(7) Tension or other specimens may be used 
to secure special information as on the existence 
of subsurface corrosion. Special methods such 
-as described by Searle and LaQue® may be used 
for the installation of such specimens in tubes 
and other containers. 

“H. E. Searle and F. L. LaQue, “Corrosion Testing 
Methods,” Proceedings, Am. Soc. Testing Mats,, Vol. 35, 
Part II, p. 249 (1935). 

Section 4 (c), — Change to read as 
follows: After the specimens are cut 

to size, they should be freed from water 
breaks by suitable cleaning. It is pref- 
erable to expose specimens with the 
surface representative of that likely to 
be used. The cleaning method should 
take this into consideration.” 

Section 5.— Delete the present note 
and add the following as a new note: 
“Note. — If an accuracy of plus or minus 
10 per cent is adequate for the purpose 
of the test, duplicate specimens will suffice . 
If better accuracy is needed, the number 
of specimens of each material should be 
increased to 4 or 5.” 

Section 11 (c). — Change the third 
sentence to read as follows: “Sometimes 
a pit type of corrosion is initiated, but is 
self-healing and stops.” 

Section 11 (/).— In line 5, after 
“effects’^ add the words “including gal- 
vanic protection.” 

Aedw iJ (c).— Change to read as 
follow* s: 

(c) If there is any reason to believe that 
stress corrosion may be a consideration, supple- 


mentary tests may be made. These tests may 
at times be made in the plant equipment. The 
choice of specimen, specimen support, and the 
method of applying stress should be given careful 
consideration. In some instances, the technique 
described by Hoyt and Scheil® may be employed. 

“ S. L. Ho37t and M. A. Sclieil, “Stress-Corrosion Crack- 
ing in Austenitic Stainless Steels,” Transactions, Am. Soc. 
Metals, Vol. 27, pp. 191-217 (1939). 

Appendix, Section A L — In Paragraph 
2, after the second sentence, add the 
following: “Other suitable non-ferrous 
metals may also be used.^’ 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
which consists of 83 members; 66 mem- 
bers returned their ballots, of whom 61 
voted affirmatively, 0 negatively, and 5 
members marked their ballots “not 
voting.” 

Emergency Alternate Provisions 

The committee recommends the with- 
drawal of the following emergency alter- 
nate provisions: 

EA - A 167a Standard Specifications for Co- 
rosion-Resisting Chromium- 
Nickel Steel Plate, Sheet, and 
Strip (A 167 -44), 

EA - A 177 Standard Specifications for High- 
Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet 
and Strip (A 177 -44), 

EA - A 268 Tentative Specifications for Seam- 
less and Welded Ferritic Stain- 
less Steel Tubing for General 
Service (A 268 -44 T), 

EA - A 269 Tentative Specifications for Seam- 
less and Welded Austenitic 
Stainless Steel Tubing for Gen- 
eral Service (A 269 - 44 T), 

EA - A 270 Tentative Specifications for Seam- 
less and Welded Austenitic 
Stainless Steel Tubing for the 
Dairy and Food Industry 
(A 270 - 44 T), and 

EA - A 27 1 Tentative Specifications for Seam- 
■ less : Austenitic Chromium- 
Nickel Steel Still Tubes ■ for 
Refinery Service (A 27 1 -44T) . 

Activities of Subcommittees' 

Subcommittee I on Classification of 
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Data (E. F„ Conej chairman; Russell 
Franks, secretary) —The work of this 
subcommittee, which consists of com- 
piling data on the cast alloys, has pro- 
gressed to a point where the final com- 
pilation is ready for review by Committee 
A-iO and by the Alloy Castings In- 
stitute, following which it will be sub- 
mitted to the Society for publication. 

Subcommittee IV on Methods of Cor- 
rosion Testing (F. L. LaQue, chairman). 
— ^The principal activities of Subcom- 
mittee IV have been as follows: 

(1) Working out details of a program 
of atmospheric exposure tests of cor- 
rosion-resistant steels, the final program 
having recently been submitted to the 
committee, 

(2) Preparation for publication of a 
summary of information on the practice 
of Passivation of Corrosion-Resistant 
Steels by treatment with nitric acid, 
which appears in the Appendix. 

(J) Preparation of a revision of Recom- 
mended Practice A 224 which is covered 
earlier, in this report. 

{4) Organization of a symposium on 
Atmospheric Weathering of Corrosion- 
Resistant Steels^ which includes seven 
papers on this subject which will be 
presented at the Annual Meeting of 
the Society this year. The principal 
continuing activity is the proposed pro- 
gram of atmospheric corrosion tests of 
corrosion-resistant steels which will be 
put into effect after the final program, 
has been approved by the membership. 

Subcommittee V on Mechanical Testing 
(T. F. Olt, chairman). — This subcom- 
mittee is still giving consideration to the 
techniques of mechanical testing of the 
corrosion-resistant steels with special 
reference to the effect of specimen shape 
and size and determination of yield 
strength properties. 


2See pp. 593 to 677. 


Subcommittee VI on Metallography 
(Russell Franks, chairman).— This sub- 
committee is engaged in working out a 
new program relative to the etching and 
identification of sigma phase or other 
constituents in high-chromium und high- 
chromium - nickel steels. The formal 
program of the subcommittee's new 
activities will be presented at the June 
meeting. 

Subcommittee VI II on SpedficaHonS' 
for Bars y Forgings j and 0.' K.;- 

Findley, chairman). — This subcommittee 
has in preparation, specifications for 
18 per cent chromium, 8 per cent nickel 
spring wire which specifications will be 
based on agreement between producers 
and consumers as to requirements for this 
product. Some minor changes may be 
made in the bar specifications with re- 
spect to the titanium and coiumbium 
content of the stabilized grades, and 
yield strength of type 410 material will 
be altered following review by the sub- 
committee. Future work will consist 
of the preparation of specifications for 
billets for forging. 

Subcommittee IX on Specifications for 
Flat Products (H. A. Grove, chairman). — - 
This subcommittee is recommending 
that Emergency Alternate Provisions 
of Specifications A 177 and A 167 be 
removed. Some changes in chemistry 
for grades appearing in Specifications 
A 167 are being considered. 

The subcommittee recommends the 
following as an editorial change in the 
Standard Specifications for Corrosion- 
Resisting Chromium and Chromium- 
Nickel Steel Plate, Sheet, and Strip for 
Fusion- Welded Unfired Pressure A^essels 
(A 240 - 44): 

Section 17, — Change the requirements 
for No. 1 Finish from their present form: 
namely, 

(a) Hot rolled, annealed, and pickled, or :(&) 
Hot, rolled, annealed, grit or, sand blasted, and ■ 

passivated. 
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to, read as foUows:,: , 

, (a) ' Hot , .rolled, . .annealed, and chemically 
descaled, or #) Hot rolled, annealed, grit or sand 
blasted, and chem,ically cleaned. 

Subcommittee X on Specifications for 
Castings {]. J. Kanter, chairman). — 
Subcommittee X is undertaking the 
revision of specifications for castings 
under its jurisdiction. The plan of 
revision consists of substituting two new 
designations embracing all of the ap- 
parently used grades and these designa- 
tions will replace the current ones in the 
former casting specifications prepared 
for Committee A-10. One of these 
specifications will cover corrosion-re- 
sistant iron-chromium and iron-chro- 
mium-nickel alloy castings for general 
application and the second will cover 
heat-resisting iron-chromium and iron- 
chromium-nickel alloy castings for gen- 
eral application. The details concerning 
grades to be contained in the newly 
proposed specifications are in the hands 
of a Special Task Committee and will 
be available in the near future for ballot 
in the committee. 

Subcommittee XI on Specifications for 
Tubular Products (J. J, B. Rutherford, 
chairman). — ^This subcommittee, in co- 
operation with members from Committee 
A-1 on Steel, is considering revision of the 
analysis of grades contained in Specifica- 


tions A 268, and A 269» , It has recom- 
mended the ' removal of the emergency 
alternate provisions for Specifications 
A 268, A 269, A 270, and A 27L Sep- 
arately, the subcommittee is cooperat- 
ing with Subcommittee XXII of Com- 
mittee A-1 which has before it for con- 
sideration specifications for corrosion- 
resistant steel pipe, which will effect 
removal of these grades from the present 
Tentative Specifications for Seamless 
Alloy-Steel Pipe for High-Temperaturc: 
Service (A 158 - 44 T). The sub-, 
committee is maintaining contact with 
the Boiler Code Committee of Thei 
American Society of Mechanical En^ 
gineers with the ultimate object of 
providing specifications for austenitic 
corrosion-resistant steel tubing which 
will be suitable for A.S.M.E. Code use. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 83 members; 66 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

Jerome Strauss^ 
Chairman. 

H. D. Newell, 

Secretary. 


Editorial Note 

The emergency alternate provisions listed in the report were discontinued 
by action of the Standards Committee on September 9, 1946. 

Subsequent to the Annual Meeting, Committee A-10 presented to the 
Society through the Administrative Committee on Standards the foEowing 
recommendations: 

Tmtative Specifications for: 

Corrosion Resistant Iron-Chromium and Iron-Chromium-Nickel Alloy Castings for General 
Application (A 296 - 46 T), and 

Heat Resistant Iron-Chromium and Iron-Chromium-Nickel Alloy Castings for General Applica- 
tion (A 297 - 46 T) . 

These new tentatives were accepted by the Standards Committee on Decem- 
ber 31, 1946, and appear in the 1946 Book of A.S.T.M. Standards, Part I-A 
bearing the designations indicated above. 
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REPORT ON PASSIVATION OF CORROSION-RESISTANT :STEELS 
Prepared by F. L. LaQije^ 


In JiinCj 1944, Lt. Col. Greenall of 
the Frankford Arsenal asked the chair- 
man of Committee A-10 on Iron-Chro- 
mium, Iron-Chromium-Nickel and Re- 
lated Alloys to present before the 
members of the committee a problem 
dealing with passivation of corrosion- 
resistant steel and the appropriate 
procedures that ought to apply to such 
treatment for preventing corrosion and 
dimensional changes that are likely to 
be produced by such treatments. In 
further explanation of the problem 
he stated: 

^‘This arsenal has received some con- 
flicting views and claims that created 
some confusion as to whether passivat- 
ing treatments are effective and whether 
such treatments are necessary. On this 
point the arsenal would like to have the 
committee’s opinion in order to clarify 
the situation. 

^^The corrosion-resistant steels that 
this arsenal is particularly interested in 
and which it uses for fire-control instru- 
ments are of the martensitic, austenitic, 
and ferritic types. In brief, this arsenal 
would like to place before the commit- 
tee the questions concerning the effec- 
tiveness and recommended procedures in 
passivating 18 per cent chromium, 8 
per cent nickel type steels with or with- 
out stabilizers, 12 to 14 per cent chro- 
mium steel quenched and tempered, and 
heat-treatable straight chromium cor- 


s Development and Research Division, The Interna- 
tional Nickel Co.^ Inc,, Nw N. Y, 


rosion-resistant steel -of the cutlery 
grade.” 

In order to elicit information on the 
points raised .by Lt. CoL GreenaE, the 
arsenal’s request was circulated to mem- 
bers of Committee A-10 and answers were 
requested to certain questions which are 
summarized as follows: 

Question 1: 

What is likely to be accomplished by 
‘^the nitric acid treatment” of corro- 
sion-resistant steels, loosely referred 
to as “passivation”? 

Consensus: 

Replies to this question emphasized 
that the prime function of the nitric 
acid passivation^^ treatment was to 
clean the corrosion-resistant steel chemi^ 
cally and without harm. Such removed 
of free iron picked up during processing 
and fabrication was given special men- 
tion, Much less importance was at- 
tached to the possible reinforcement of 
the oxide films believed to be associated 
with passivity. It was pointed out 
that a properly cleaned corrosion- 
resistant Steel surface rapidly would 
become passive in air and in many 
other environments and passivation is 
not necessary to make these alloys 
corrosion-resistant. 

Question 2: 

When is passivation, or acid cleaning, 
desirable? 
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■ '. Consensus : , 

■ ' (a) 'Whenever objectionable foreign 
' , material ' is known to be present, or 
' suspected of being present. 

(b) Mien it is desired for specific 
conditions to be certain that the sur- 
face of the corrosion-resistant steel 
will be in its most uniform and cor- 
rosion-resistant condition. This is 
likely to be a most important con- 
sideration when corrosive conditions 
are border-line in their attack. 

{c) Before conducting corrosion 

■ tests. 

After mechanical cleaning or 
surface treatment, as with steel wool, 
wire brushes, grit blasting, and abra- 
sives contaminated with iron. A pos- 
sible exception is tlie case of material 
that has been buffed or polished, 
with abrasives in grease, followed by 
removal of excess grease and abrasive 
with powdered calcium, carbonate or 
similar material. 

Question 3: 

What conditions as to nitric acid con- 
centration, time, and temperature may 
have undesirable results with specific 
compositions and conditions of cor- 
rosion-resistant steel, as by: 

{a) Corroding the corrosion-resis- 
tant steel so as to impair its finish, 
or removing sufficient metal to make it 
fail to meet tolerance specifications 
where these may be as close as 0.0001 
■tin.? 

(5) Failing to remove surface con- 
tamination by free iron — as by some 
passivating effect on such free iron? 

Consensus: ' 

(a) The free machining and high- 
carbon alloys, and particularly those 
of the straight chromium type, may be 
. etched or dulled by hot weak solutions 
of nitric acid, such as under 5 per cent 


■ ■■■■ by volume boiling, 20 to 40 per; cent 
by volume at 140 to 160 F., 15 per 
: cent by weight at 135 F. It has been 
observ^ed also that surfaces above the 
liquid level in the passivating bath 
are particularly likely to be ' etched 
under the indicated conditions. Low- 
chromium steels would also be at- 
tacked by boiling 65 per cent nitric 
acid. 

(J) Concentrated solutions of nitric 
acid, for example 65 per cent by weight 
at atmospheric temperature, may pas- 
sivate free iron and prevent its de- 
sired removal. 

Question 4: 

What are suitable conditions as to 
acid concentration (per cent by weight 
or volume to be specified), tempera- 
ture, and time for the ^ ‘^passivation’^ 
or acid cleaning of the different grades 
and heat treatments of the corrosion- 
resistant steels mentioned by Lt, 
Col. Greenall? 

Consensus: 

The purposes of passivation may be 
accomplished under a great variety 
of conditions as to acid concentration, 
temperature, and time. Conse- 
quently, there is considerable latitude 
with respect to the treatments that 
may be used, especially in the case of 
the austenitic alloys. With the 
straight chromium steels, and es- 
pecially the free machining, the 12 
to 14 per cent chromium, and high- 
carbon types, there is some danger of 
superficial etching by hot, weak solu- 
tions. Therefore, it would appear to 
be desirable to place closer restrictions 
on the conditions of treatment of these 
latter steels. 

■ Evidently it would be possible to 
cover the situation adequately as fol- 
lows: 
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L Passivate all the austenitic alloys 
and :■ the straight chromium grades 
other than free machining composi- 
tions by treatment (complete immer- 
sion) in. nitric acid solutions containing 
from 20 -to 40 per cent by volume of 
concentrated nitric acid at a temper- 
ature from 130 to 160 F. for from 30 
to 60min., followed by rinsing in clean, 
hot water. ■ 

2. Passivate the free-machining 
straight chromium steels and those 
containing 12 to 14 per cent chromium 
by treatment in nitric acid solutions 
containing not less than 15 per cent 
by volume, and preferably 20 to 40 
per cent by volume, nitric acid at a 
temperature not to exceed 150 F., 
for example 110 to 130 F. for 30 to 60 
min. 

3. In cases where steels show super- 
ficial etching as a result of the treat- 
ment by the nitric acid solutions sug- 
gested, an alternative treatment would 
be to use 20 per cent by volume nitric 
acid containing 2 per cent by weight 
sodium dichromate at 110 to 130 F. 
for 30 min. followed by immersion in 
5 per cent by weight sodium dichro- 
mate solution at 140 to 160 F. for 
1 hr. 

4. In general, the desired results 
could be obtained as follows: 

Acdd concentration . . 20 to 40 per cent by volume of con- 
centrated nitric acid for all 
compositions 

Temperature. 130 to 160 F. for the austenitic and 

straight chromium steels con- 
taining 17 per cent or more 
chromium 

110 to 140 F. for the free-machin- 
ing straight chromium steels and 
all grades containing 12 to 14 
per cent chromium 

Time 30 to 60 min. for all concentra- 

tions— the time might possibly 
be reduced to facilitate con- 
tinuous operations 

M should be immersed com- 

'pletely. 

In particular cases, the use of di- 
chromate additions as covered by item 
3 may be desirable. 


Question 5: 

What conditions should be maintained 
as to acid concentration, temperature 
and time which should be avoided' for 
particular grades of corrosion-resis- 
• , tant steel where no surface .attack 
during the treatment may be toler-' 
ated? 

See Answers to Questions 3 md 4. 
Question 6: 

Are there any alternate methods for 
ridding corrosion-resistant steel sur- 
faces of free iron— -as by thO' use of 
■ some such detergent as naphtha- soap? 

Consensus: 

Electropolisliing accomplishes the 
purposes of passivation and need not 
be supplemented by any other passi- 
.vation treatment. Electropolishing 
removes a significant amount of metal 
from the surface and therefore may 
not be a satisfactory substitute for 
other methods of passivation of fin- 
ished parts that must be held to close 
tolerances on dimensions. 

It has been found also that the 
nitric-hydrofluoric acid treatment (for 
example 8 to 10 per cent HNO 3 plus 
1 to 2 per cent H'F, followed imme- 
diately by thorough washing with 
water, preferably under pressure, or 
accompanied by mechanical scrub- 
bing) commonly used as the final acid 
treatment on corrosion-resistant steels 
prior to shipment from the mills is 
sufiftcient and that nothing further, is 
gained by an immediate, additional 
treatment in a straight nitric, acid 
solution. 

■ The^ nitric-hydrofluoric acid solution 
may be operated at 140 to 160 F. on 
the chromium-nickel alloys, but ' should 
be used at room temperature .for ,the 
chromium steels. Treatment time in 
either case should not be more than 5 
to 7 min. 
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This solution is not recommended 
for polished or buffed finishes, nor for 
straight chromium steels containing 
less than approximately 17 per cent 
chromium with 0, 15 per cent maximum 
carbon. 

Question?: 

Do you think it would be desirable 
instead of specifying particular ways 
to “passivate” or acid clean corrosion- 
resistant steels to require only that 
surfaces be free from iron as tested by 
some reagent such as aceto acetanil- 
ide? 

Consensus: 

This was not considered to be a 
desirable alternative in view of the 
possible presence of undesirable con- 
tamination other than free iron. 


Questions: 

Do you think that whether 6t not 
“passivation” is required as a finish- 
ing operation on corrosion-resistant 
steel parts it should be permitted on 
specimens to be subjected to accept- 
ance tests, such as salt-spray tests? 
Consensus: 

Passivation of specimens to be sub- 
jected to acceptance tests probably 
should be required, or, at least per- 
mitted, except in such instances as 
the test may be used to detect the 
presence of free iron or other con- 
tamination that would ordinarily be 
removed by the “passivation” treat- 
ment. With particular regard to salt 
spray tests, it is pointed out that they 
are of doubtful significance and value 
as a means of measuring the quality 
of corrosion-resistant steel or its suit- 
ability for any particular purpose. 
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REPORT ON THE INSPECTION OF THE CORROSION-RESISTING 
. STEEL DECK HOUSES ON THE U. S. NAVY DESTROYERS: 
FARRAGUT AND ALWYN 


A special subcommittee inspected the 
corrosion-resisting steel deck houses on 
two Navy destroyers, the Farragut No. 
348 and the Alwyn No. 355, which have 
been in service since 1934 and 1935. 
The group making the inspection was 
as follows: 

G. A. Pleam, Bureau of Ships, Navy Depart- 
ment 

R. E. Wiley, Bureau of Ships, Navy Depart- 
ment 

V. N. Krivobok, International Nickel Co. 

G. A. Sands, Electro Metallurgical Co. 

R. B. Gunia, Carnegie-Illinois Steel Corp, 

M. D. V. Millard, American Steel and Wire 

Co. 

P. G. Nelson, Edw. G. Budd Mfg. Co. 

H. A. Grove, Republic Steel Corp., chairman. 

Both of the above destroyers were 
fitted with corrosion-resisting steel deck 
houses made by the spot-welded process 
and fabricated by the Edward G. Budd 
Manufacturing Co. Some of the sur- 
rounding deck was also of corrosion- 
resisting steel. These destroyers have 
been in continuous service for approxi- 
mately 10 to 11 years and served between 
the Aleutians and Australia during the 
greater part of the war. They were 
returned to the Brooklyn Navy Yard 
about the middle of October, 1945. 
The greater portion of these deck houses 
was constructed of corrosion-resisting 
steel but some sections were made both 
of carbon steel and aluminum. 

An inspection of the corrosion-resisting 
steel in both the deck houses and the 


deck showed it to be in very good condi- 
tion with no signs of corrosion. The 
deck houses as well as the deck had been 
painted but in a good many places this 
paint had broken away and there was 
every chance for sea water to condense 
under this paint. However, on removing 
additional paint no signs of corrosion or 
pitting were found. 

The corrosion-resisting steel of these 
two deck houses was chiefly of the high 
tensile strength variety and was of spot- 
welded construction. None of these 
welds showed corrosive attack either 
of the pitting variety or stress corrosion. 
It was the understanding of the special 
subcommittee that no effort had been 
made to clean or passivate these welds 
after spot welding. AU welds appeared 
to be in good soimd condition. 

On the Alwyn there was a large 
amount of corrosion-resisting steel used 
in the galley, and in lavatories in the 
crew’s quarters. The corrosion-resisting 
steel in the galleys was in very good con- 
dition showing no rust or corrosion, while 
that in the lavatories had superfi,cial 
rusting in some places but no pitting. 
All in all, the corrosion-resisting steel 
stood up very well and gave a good 
account of itself. 

Respectfully submitted on behalf of 
the special subcommittee, 

H. A, Grove, 
Chairman. 
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REPORT OF JOINT RESEARCH COMMITTEE 

ON 

EFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS 

Progress Report to the Sponsor Societies 


During the past year the Joint Re- 
search Committee on Effect of Tempera- 
ture on the Properties of Metals under 
the sponsorship of The American Society 
of Mechanical Engineers and the Ameri- 
can Society for Testing Materials, held 
one meeting on November 28, 1945, in 
New York, N.Y., during the A.S.M.E. 
Annual Meeting. A second meeting was 
held on June 27, 1946, at Buffalo, N. Y., 
prior to the presentation of this report 
at the Annual Meeting of the A.S.T.M. 

In addition, the committee sponsored 
a Session on Graphitization of Steel 
Piping held during the A.S.M.E Annual 
Meeting in New York, on November 28, 
1945, comprising the following reports 
and papers: 

^‘Summary Report on the Joint E.E.I.- 
A.E.I.C. Investigation of Graphitization of 
Piping,” by S. L. Hoyt, R. D. Williams, and 
A. M. Hall. 

“Progress Report for Project No. 29 on 
Susceptibility of Casting Steels to Graphitiza- 
tion ” by J. J. Kanter. 

‘^Comparative Graphitization of Some Low- 
Carbon Steels with and without Molybdenum 
and Chromium,” by G. V. Smith, S. H. Brambir, 
and W. G. Benz. 

“Further Observations of Graphitization in 
Aluminum-Killed Carbon-Molybdenum Steel 
Steam Piping,” by R. W. Emerson, and Mat- 
thew Morrow. 

“Graphitization in Some Cast Steels,” by 
A. J. Smith, John B. Urban, and J. W. Bolton. 

“Influence of Heat Treatment upon the 
Susceptibility and Graphitization of High 
Aluminum-Deoxidized Carbon-Molybdenum 
Steel,” by F, Eberle. 

The six papers and the discussion have 
been published by the A.S.M.E. in a 


special compilation, dated August, 1946, 
under the title “Graphitization of Steel 
Piping.’^ 

During the 1946 Annual Meeting of 
the A.S.T M. the committee sponsored 
two technical sessions, both on June 27, 
1946. The first session was devoted to 
materials for gas turbines, and marks the 
public release of much of the confidential 
data developed by Government spon- 
sored research of the war period. Five 
papers were presented, as follows:^ 

“Heat-Resisting Metals for Gas Turbine 
Parts,” by Howard C. Cross and Ward F. 
Simmons. 

“High-Temperature Alloys Developed for 
Aircraft Turbosuperchargers and Gas Turbines,” 
by J. W. Freeman, E. E. Reynolds, and A. E. 
White. 

“Chromium-Base Alloys,” by Robert M. 
Parke and Frederick P. Bens. 

“Metallurgy of High-Temperature Alloys 
used on Current Gas Turbine Designs,” by 
F. S. Badger, Jr., and W. 0, Sweeney, Jr. 

“Alloys and Ceramic Materials for High- 
Temperature Service,” by Howard C. Cross. 

At the second session, five papers on 
various subjects were presented, as 
follows: 

“The Effect of Carbide Spheroidization 
Upon the Rupture Strength and Elongation of 
Carbon-Molybdenum Steel, by S. H. Weaver. 

“Compressive Properties of Aluminum Alloy 
Sheet at Elevated Temperatures,”^ by Alan E. 
Flanigan, Leslie F. Tedsen, and John E. Dorn. 


1 These papers are published in the Symposium on 
Materials for Gas Turbines, Am. Soc, Testing Mats. 
(Symposium issued as separate publication, November, 
1946). 

2 Seep. 856. 

3 See p. 951. 
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: ''Tensile , .and Creep , Strengths of Some 
•Magnesium-Base Alloys, .at Elevated Tempera-' 
ture,”'^ by ,A. A. Moore and John C. McDonald. 

' "Resistance of Iron-Nickel-Chromium Alloys' 
to Corrosion in Air at 1600 to 2200 F.,”® by 
Anton deS. BrasunaSj James T. Go%v, and' 
Oscar E. Harder. 

."Influence of Strain Rate and Temperature 
on, the Mechanical Properties of Monel Metal 
and Copper,”® by D, J. McAdam, Jr., G. VV.' 
Geil, and D. H. Woodard. 

Finances: 

: There appears in Table l a summary 
of the administration of committee funds 


fi-eld, and of the application of materials 
in ■ critical service, and, his mature guid- 
ance at all times,- we,re extremely valu- 
able. to the work of the com.mit'tee. 

-There have been several cha.nges in 
-membership during the .past year. - Rus- 
sell Franks of The Electro Metallurgical 
Co,rporation has been, appointed as a new 
member. Howard C. Cross, of Rattelle^ 
Memorial. Institute,, long, active in ■ the, 
work of the committee, . has been ap- 
pointed to membership in place of H., W. 
'Giiiettj'who has resigned. J. G. Tliomp- 


TABLE. I-SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE .FUNDS. 


Balance as of .June 30, 1945 shown in 1945 Report. ■ 1. |8 622.40. 

Receipts 

1945 ... . 

•September Interest on funds (10/1 44 to 9/30/45).'. .................. 36.07 

November Engineering Foundation. .•. '.' 1 000.00 


1946 •• ,' , 

January , Engineering Foundation 1 000.00 

April Engineering Foundation. 1 000.00 


Total Receipts. ...... ^ ,3 036.07 


$11 658.47 

Expenditures 

1945 

September Printing Piping Papers -. 40.00 

December Printing Piping Papers , 62.92 

1946 y 

June Battelle Memorial Institute (Project No. 18) 54.86 


Total Expenditures. ,157.78 


Balance on hand, June 30, 1946 


during the period from July 1, 1945, to 
June 30, 1946. 

Organization and Membership: 

The committee records with deep re- 
gret the passing away on April 21, 1946, 
of H. J, Kerr, vice-chairman of the 
committee. Mr. Kerr had joined the 
committee in February 1930, and had 
been one of its most active members 
during the years since that time. He 
became vice-chairman in 1938. His 
knowledge of engineering in his chosen 


' $11 500.69 

son is now representing the National 
Bureau of Standards in the place of 
H. S. Rawdon. 

Research Projects: 

Project No. 29 on Studies on Suscepii- 
hility of Casting Steels to GfapMtization 
( J. ' J. Ka.nter, chairman) .—K report • on 
this project is appended hereto. 

Respectfully submitted on behalf ...of 
the Joint Research Committee, 

•N,. L. Mochel, 
Chairmmh 


4 Seep, 970. 

5 See p. 870. 

6 See p. 902. 


J. W. Bolton, 
Secretary. 
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STUDIES ON SUSCEPTIBILITY OF CASTING STEELS TO 
GRAPHITIZATION 

(Project No. 29) 

Prepared by J. J. Kanter^ and E. A. Sticha^ 


A program of tests was adopted by the 
Manufacturers Standardization Society 
of the Valve and Fitting Industry in 
cooperation with Project No. 29 to 
obtain information on the graphitization 
of steel castings. Investigation of cer- 
tain steels of types covered by A.S.T.M. 
Tentative Specifications for Alloy - 
Steel Castings Suitable for Fusion Weld- 
ing for High-Temperature Service (A 
217)^ have been under study for more 
than a year. The test castings and in- 
vestigation services in the program were 
contributed by the following manufac- 
turers: Chapman Valve Mfg. Co., Crane 
Co., Edward Valves, Inc., Lunkenheimer 
Co., Wm. Powell Co., Reading-Pratt & 
Cady Div. of Am. Chain and Cable Co., 
Inc., and Walworth Co. 

A previous progress report concerned 
with the study of the castings was pre- 
sented at the session on Graphitization 
of Steel Piping held at the Annual Meet- 
ing of The American Society of Mechan- 
ical Engineers on November 28, 1945, 
under the auspices of the Joint Com- 
mittee.® This report described the test 
castings, the preparation of weld-bead 
specimens for aging, and the materials 
involved. Aging periods up to 6000 
hr. were reported to have produced 


^ Materials Rescarcli Engineer and Assistant Materials 
Research Eiigiiieer,TeSMCtively, Crane Co., Chicago, 111. 
2 1944 Book of A.S.T.M. Standards, Part 1, p. 1281. 

* Tmmadims, Am. Soc. Mechanical Engrs., VoL 68, 
No.6,pp.S81toS87 (1946). 


graphitization in aluminum-killed car- 
bon-molybdenum steel melted by various 
electric processes. At the time of this 
previous report, no graphitization had 
been observed for chromium-molyb- 
denum steel samples containing chro- 
mium contents in the range of 0.43 to 
0.70 per cent. It was reported that 
carbon - molybdenum samples norma- 
lized after deposition of weld bead had 
developed graphite in the heat-affected 
zone. The data had not indicated any 
preference among acid arc, basic arc, 
and induction melting as far as graphi- 
tization is concerned. 

At the present time, further observa- 
tions upon these cast steel specimens 
are available for aging periods up to 
10,000 hr. In the accompanying Tables 
I and II are given the analyses, results 
of McQuaid-Ehn structure, and ap- 
praisals on the indications of graphite 
after various aging periods at 1025 F. 
A few photomicrographs (Fig. 1) are 
included to illustrate graphite identified 
in some of the chromium-molybdenum 
steel samples. 

For the purpose of discussing the cur- 
rent indications of these data, the cast 
steels represented may be treated in 
several groups as follows: 

1, Carbon-molybdenum steel, treated 
with 2 lb. of aluminum per ton contain- 
mg chromium ranging from 0.01 to 0.07 
per cent.' 
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2. Carbon-molybdenum steel, .treated ,4. Carbon - molybdenum steel, treated 
With 2 lb. of aluminum per. ton .contain- ■ with i lb. , of alum.inum: pen ton. . 
ing chromium ranging from 0.17 to 0.35 5. Carbon -molybdenum, steel, treated 

per cent. with silicon, only. 

table I.— CHEMICAL ANALYSESOF CAST CARBON-MOLYBDENUM STEELS FOR PROJECT NO. 29— 
GRAPHITIZATION SUSCEPTIBILITY TESTS. 

, fSteeis D, G ' n 

Aluminum Additions Steels A, E. T,; ib. per ton 

i Steels B, C, F ^ ,2 Ib. per ton 


Designation Si Mn 


. 0.32 0.66 0.03813.037 0.25 
. 0.30 0.70 0.034 0.041 0.25 

. 0.42 0.60 0.034 0.037 0.21 


, . 0.29 0.58 0.028 0.030 0.21 0.10 

. . 0.35 0.72 0.031 0.C33 0.26 0.17 

. . 0.34 0.72 0.031 C.033 0.27 0.09 

i 0.48 0.67 0.23 

0.39 0.62 0.20 

0.48 0.67 0.23 

0.40 0.67 0,20 

0.36 0.62 0.17 

0.40 0.64 0.13 

0.48 0.67 0.17 

0.35 0.64 0.20 

0.48 0.67 0.17 

0.39 0.68 0.22 

0.30 0.58 0.037 0.024 0.20 0.11 

, . 0.30 0.58 0.037 0.024 0.20 0.11 

, , 0.41 0.68 0.034 0.022 0.24 0.05 

, . 0.30 0.58 0.037 0.024 0,20 0.11 

, . 0.41 0.68 0.034 0.022 0.24 0.05 

. . 0,41 0.68 0.034 0.022 0.24 0.05 


Ni Cr 

Mo 

Cu 


0.03 

0.40 



0.04 

0.40 



0.61 

0.45 



0.08 0.05 

0.43 0.04 



0.01 0.44 0.04 
0.44 0.43 0.09 
0.43 0,43 0.09 


0.43 0.05 
0.43 0.05 
0.43 0.07 
0.43 0.05 
0.43 0.07 
0.43 0.07 


. 0.31 0.58 0.035 0.027 0.25 0.046 0.033 0.54 O.OSC Nil 

. 0.31 0.58 0.035 0.027 0.25 0.046 0.033 0.54 0.050 Nil 

. 0.27 0.60 0.037 0.023 0.20 0.052 0.56 0.54 0.055 Nil 

. 0.31 0.58 0.035 0.027 0.25 0.046 0.033 0.54 0.C50 Nil 

. 0.27 0.60 0.037 0.023 0.20 0,052 0.56 0.54 0.055 Nil 

. 0.27 0.60 0.037 0.023 0.20 0.052 0.56 0.54 0.055 Nil 

.0.40 0.63 0.006 0.033 0.24 0.29 0.25 0.54 0.10 0 

.0.32 0.70 0.038 0.022 0.17 0.31 0.57 0.48 0.12 0 

.0.64 0.62 0.006 0.032 0.24 0.29 0.25 0.54 0.10 0 

.0.44 0.70 0.015 0,024 0.26 0.0 0.03 0.49 0.36 0 

.0.43 0.70 0.015 0.024 0.26 0.12 0.05 0,46 0.33 0 

.0.44 0.66 0.015 0.024 0.26 0.12 0.52 0.47 0.33 0 


0.0223 0.021 
0.0108 0.013 i 
0.0186 0.029 j 
0.0211 0.043 


Other Additions 


5 lb. per ton Car- 
bortam (16 per 
cent Ti) 

1 lb. per .ton Ga Si. 


1,1 lb. A1 per ton 
(Total) 


0,41b. Al per ton 


1.46 0.026 0 

1.47 0.026 0 
1.46 0.026 0 
1.69 0.026 C 
t. 68 0.027 C 
L 66 0.028 0 
1,66 0.030 0 
1.60 0.032 0 


.023 0.19 0.25 
.023 0.19 0.25 
.023 0.19 0.25 
.032 0.24 0.26 
.023 0.24 0 
.025 0.23 0 
.023 0.23 0 
.023 0.2C 0 


0.34 0.52 0.13 
0.70 0.53 0.13 
0.34 0.52 0.13 
0.34 0,54 0.10 
0.03 0.52 0.10 
0.03 0.52 0.08 
0.50 0.52 0.07 
0.05 0.50 0.13 


. 0.36 0.64 0.006 0.033 0.24 0.29 0.27 0.54 0.09 

. 0.37 0.62 0.12 0.61 0.57 

.0.38 0.66 0.028 0.020 0.23 0.48 0.51 

.0.38 0.66 0.028 0.020 0.23 0.35 0.51 

. 0.40 0.62 0.032 0.016 0.22 0.17 0.47 

.0.19 0.68 0,010 0.011 0.35 Tr. 0.34 0.60 Tr. 

.0.36 0.55 0.024 0.022 0.21 0.29 0.50 


0.02 0.05 0.050 0.008 
0.06 0.052 0.040 0.012 
0.02 0.029 0.019 0,910 
0 
0 
0 

0.01 0.046 0.033 0.013 
0.02 0.047 0.032 0.015 
0.01 C.024 0.018 0.009 
0.02 0.022 0.012 0.010 
0 
0 
0 
0 

0.02 0.0290.019 0.010 
0.16 


3 lb. Al per ton 

2 lb. Ai per ton 

4j^lb. Al per ton , 
2341b> Alper.ton 


Note.— These analyses furnished by the various co-operators. 


3. Chromium . - molybdenum steel, 
treated with 2 lb. of aluminum per ton 
containing chromium ranging from 0.43 
to 0.70 per cent. 


6, Carbon - molybdenum steel, treated 
with 2 lb. of aluminum per ton, norma- 
lized and drawn after deposition of weld 

bead. 
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From a consideration of the data for listed the appraisals of the individual 
groups 1, 2, and 3, an attempt has been micro-examinations of groups 1, 2, and 
made to appraise the effectiveness of 3 samples at various aging intervals from 


TABLE II.-ESTIMATED PERCENTAGE OF CARBON TRANSFORMED TO GRAPHITE FOR WCl AND WG3 

CAST STEELS AGED AT 1025 F. 


Mark I 

Grain 

Size 

Aged 

1000 

Aged 

ISOO 

Aged 

2000 

Aged 

3000 

Aged 

4000 

Aged 

4500 

Aged 

5000 

Aged 

6000 

Aged 

8000 

Aged 

9000 

Aged 
10 000 

1 per cent i 

hr. ; 

hr. 

hr, 1 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 


Group 1— WCI-Deoxidized with 2 lb. of Aluminum per Ton 


IB 

0.04 

Fine 

0 




0 

0 


1 

10 


2B 

0.01 


0 


5 ! 

50 

SO 


75 



80 

4B... 

0.07 

6 to 7 

10 




25 


50 


75 


'SB 

0.03 


0 


1 . 

3 

50 


75 



75 

7B 

0.05 

8 


10 1 


25 


50 


75 



7.BI... 

0.03 

8 to 9 i 


35 




75 


ICO 



Average 

0.04 

. 8 1 

3 

10 1 

13 

25 

38 

48 

58 

65 

75 '. 1 

80 


Group 2-— WCl Plus mr cent Chrome and Deoxidized with 2 lb. Aluminum per Ton 


6B 

0.25 

6 to 8 

0 


0 

0 

0 


2 


I 

20 


6,BI 

0.34 1 

6 to 8 




0 




0 

i 



7B.. 

0.17 ' 



c 


0 


0 


0 



0 

1M 

0.34 ; 

8 


0 


0 


0 


0 



0 

7C' 

0.35 1 

8 to 9 


0 






10 



20 

7X. 

0.29 I 

8 








10 




Average 

0.29 

1 

8 

0 

1 

0 

0 

0 

0 

0 

2 

4 


8 

11 

Group 3— WCS-Deoxidized with 2 lb. Aluminum per Ton 

IG.... ■ ! 

0.61 

Fine 

0 




0 


0 


0 

j 


2C 1 

0.44 


0 


0 

0 

1 


2 



0 1 



0.43 

7 

0 




0 


0 


0 



sc i 

0.56 


0 


0 

0 

0 

i 

1 



0 


6C 

C.57 

8 to 9 

0 


0 

10 

0 


2 



2 


7C.... i 

0.52 

8 to 9 


0 


0 


0 


■ 0 ! 



10 

6CI... 

0.7C 

7 to 9 




0 




0 i 




7CI ! 

0.50 

8 to 9 


0 


0 


0 


0 i 




7y 

0.48 

9 


0 


0 


0 


0 1 



0 

Average 

0.53 

8 to 9 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

2 


Group 4—WC1-Deoxidized with lb. Aluminum per Ton 





0.05 

3 to 5 


0 

1 

'i 

0 


0 


0 



6DIs 

, 0.34 

3 to 5 

0 


1 

0 

2 


10 



0 

6Dl 

0.34 

3 to 5 




0 




0 



6DIsI 

0.34 

3 to 5 

0 







0 



4G 

0.43 

2 to 3 

0 


. ■ 


0 


0 

0 



Average 

0.30 

4 

0 

0 

0 

0 

0 

0 ; 

0 

0 


0 


Group 6--WC1-Deoxidized with 2 lb. Aluminum per Ton, Normalized and Drawn after Welding 


IBH...... 

0.04 


0 




0 


5 


■ 10 ' 


2BH. 

0.01 


0 


0 

0 

0 


25 


25 

4BH 

0.07 


0 



0 


10 


20 

5BH 

0.03 


0 


0 

0 

2 


10 


SO 

6BH 

■ 0.25' . ! 


0 


0 

0 

1 


IS 



.15 , 

7BH 

0.05 



0 


0 


0 

10 


7BIH 

0,03 



' "5 




IS 


20 



Average 

0.07 


0 

1 

1 

1 

2 

■' 7 '1 

::,.i2 

16 

20 

25 










chromium additions to carbon-molyb- 1000 to 10,000 hr. Estimates have been 
denum cast steels treated with 2 lb. made of the portion of the carbon at the 
of aluminum per ton. In Table II are critical zone which has transformed to 
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Contact Zone (X 100) 


Contact Zone (X 500) 


in. from Contact Zone, Base Metal Side (X 500) }i in. from Contact Zone, Base Metal Side (X 500) 

Fig. 1.— Photomicographs Showing Graphite in a Cast 0.5 per cent Chromium-0.5 per 
cent Molybdenum Steel After 10,000 hr. at 1025 F. 
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graphite. The grapliitized portion is 
expressed in percentage and has been 
averaged for each group. Inspection of 
the cases in group 1 shows that at the 
end of 10,000 hr. of aging at 1025 F., 
graphitizatioii has advanced to a degree 
of unmistakable consequence. Groups 
2 and 3 began to show isolated nodules 
of graphite after 4000 hr, of aging at 
1025 F. Obviously, these latter two 
groups are much more resistant to graph- 
itization than group 1. 


process. The curves for ..groups 2 .and 
3 are .not as well ., defined .as that for 
group 1, the segments ■ determined in 
10,000 hr. of aging seeming to represent 
scarcely more than the nucleation stage 
and suggest that much longer aging 
periods will be required to determine 
accurately the upward sweep of these 
chromium-bearing steels. 

The data represented in Fig. 1 un- 
questionably demonstrate that a small 
chromium content retards the rate at 



Fro. 2. — Reaction Curves for Graphitizatioii at 1025 F. 


In Fig. 2, the average percentage of 
carbon transformed to graphite is shown 
Mfsus the aging time. A similar set of 
data for the Springdale pipe by Hoyt, 
Williams, and Halh are shown in this 
figure for comparison with the cast 
steels. It is quite apparent that cast 
WCl and WC3 steels are considerably 
more resistant to graphitization at 1025 
F. than the Springdale pipe. 

The group 1 steels present a reaction 
curve which tends to confirm the con- 
ception that graphitization proceeds 
according to a nucleation and diffusion 


which graphite forms in cast steel con- 
taining 0.5 per cent of molybdenum 
and treated with 2 lb. of aluminum per 
ton. A chromium content of 0.5 per 
cent, however, cannot be considered 
as demonstrated as sufficient to inhibit 
adequately the formation of consequen- 
tial amounts of graphite at 1025 F. if 
the indicated trends be extrapolated 
toward long periods of time. 


Smeary Report on the Joint E. E. I.-A.E.I.G. In- 
vestigation of Graphitization of Piping, November, 1945, 
presented at A.S.M.E. Session on Graphitization of Steel 
Piping. 
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' The curve for group 4 steels/ treated 
with I lb. of aluminum per ton, are seen 
by Fig. 1 practically to coincide with 
that for group 6 steels which were nor- 
malized and drawn after welding. ' Fur- 
thermore, the curves are seen to lie 
intermediately to the curves for WCl, 
treated with 2 lb. of aluminum per ton 
and WCl, treated with 2 lb. of aluminum 
per ton plus 0.25 per cent chromium. 
Estimate of the “half graphite’’ time 
for groups 4 and 6 indicates that the 
efifectiveness of either treatment in- 
creases the resistance about the same 
as an addition of 0.15 per cent of chro- 
mium. Thus, while such measures seem 
to be helpful in establishing greater 
stability, they do not seem of themselves 
sufficient to gain adequate serviceability. 

The group 5 results shown in Table 
II for the steels deoxidized with silicon 
only seem to be showing exceptional 
stability. None of the samples in this 
group has exhibited as yet any persistent 
tendency to develop graphite. Un- 
fortunately, however, as was pointed 
out in the previous progress report, 
these castings are not free of “pinholes.” 

Although final conclusions may not as 
yet be drawn from the data presented 
in Fig. 1, the actual findings indicate 
the importance of extending the studies 
to include certain further steels not 
embraced in the original program of 
tests. At the time that this program of 
aging tests was undertaken, it was an- 
ticipated that the addition of 0.5 per 
cent of chromium to the WCl composi- 
tion might furnish a readily weldable 
casting steel suitable for the require- 
ments of steam power plant piping to 
operate in the range of temperature from 
900 to 1000 F. Now that test data 
are suggesting that another year or two 
of aging may dispel such an expectation, 
it becomes highly urgent that the stabil- 
ity of more highly alloyed casting 


steels be appraised. Some tests of such 
steel have already been undertaken by 
the MSS group, and others are to be 
prepared. The more highly alloyed 
compositions particularly under con- 
sideration are grade WCl of Specifica- 
tions A 217/ plus 1 per cent of chromium, 
grade WC4 (Ni-Cr-Mo) of A 217, and 
grade C3A of A 157^ containing 1.5 to 
2.25 per cent chromium, 0.5 per cent 
molybdenum, but restricted to a carbon 
maximum compatible with acceptable 
welding characteristics. 

If these steels prove to present a 
greater order of stability against graph- 
itfeation than the present grade WC3 
(0.5 per cent Mo-0.5 per cent Cr), aging 
tests upon them at 1025 F. cannot be 
expected to afford impressive informa- 
tion on the prospects of 200,000 hr. of 
serviceability for several years to come. 
It is, therefore, now under considera- 
tion to undertake the additional aging 
of some of these new steels of richer 
alloy content at 1100 F. According to 
the temperature relationship presented 
by Hoyt, et indications at 1100 F. 
may be expected to develop in about one 
third of the time required at 1025 F. 
This would mean that 1100 F. on the 
higher alloys may not be expected to 
yield stability criteria of interest for at 
least two years. Samples of the present 
WC3 composition under test are also 
included in the 1100 F. aging tests to 
afford a means of correlation between 
the more highly alloyed steels and the 
1025 F. data. Significant indications 
for WC3 samples at 1100 F. should be 
available in about a year if the tempera- 
ture relationship established at Battelle 
for carbon-molybdenum pipe also holds 
valid for the cast chromium-molyb- 
denum steels. 

5 Standard Specifications for Alloy-Steel Castings for 
Valves, Flanges, and Fittings for High-Temperature Serv- 
ice (A 157 - 44), 1944 Book of A.S.T.M. Standards, Part 

I, p. 295. 



REPORT OF COMMITTEE B-l* 

ON 

WIRES FOR ELECTRICAL CONDUCTORS 


Committee B-1 on Wires for Electrical 
Conductors held two meetings during 
the year in New York, N. Y., on Febru- 
ary IS, 1946, and May 10, 1946. 

The committee now consists of 49 
members, of whom 22 are classified as 
producers, 19 as consumers, and 8 as 
general interest members. 

At the Februaiy, 1946, meeting of 
the committee, the election of officers 
for the ensuing term of two years re- 
sulted in the selection of the following: 

Chairman, J. H. Foote. 

Vice-Chairman, W. R. Hibbard. 

Secretary, E. H. Kendall. 

In addition to the recommendations 
affecting standards reported below, a 
task group has made progress toward the 
formulation of methods of tests for 
determining the actual areas of , cross- 
section of finished stranded conductors. 
This is a matter involving practical 
difficulties which has evaded solution 
for a number of years. 

Another task group is studying the 
possible conversion of the Tentative 
Method of Test for Resistivity of Copper 
and Copper-Alloy Electrical Conductors 
(B 193 “ 45 T) to a conductivity basis 
since the low resistivities associated 
with electrical “conductors'^ might pref- 
erably be expressed as conductivities. 
This work is under review by a joint 
committee representing those commiteees 
of the Society concerned with the 
problem. 

Change in Scope of Committee B-lr— 
During the year authorization was 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


given by the Society for the change in 
scope of this committee from “Copper 
and Copper-Alloy Wires for Electrical 
Conductors’’ to read “Specifications and 
Methods of Test for Uninsulated Electri- 
cal Conductors Composed of Wires in 
Various Fabrications.” This enlargement 
in scope will add considerably to the 
work of this committee and has made it 
desirable to adopt formal regulations 
governing the committee. These regu- 
lations will be published separately and 
will be available from the secretary of 
the committee. They provide for a 
more formal organization and a more 
extensive system of subcommittees than 
has been heretofore employed by this 
committee. The membership will be 
augmented to include representation for 
other conductor materials than copper 
and for combinations of materials. It is 
expected that the enlarged program of 
work will be organized and under way 
some time in the coming fall or winter 
months. 

Revision of Standards, Immediate 
Adoption 

The committee recommends for im- 
mediate adoption the following revisions 
in five standards and accordingly asks 
for a nine-tenths affirmative vote at 
the Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society: 

Standard Specificaiions for Bronze 
Trolley Wire (B 9 ~ 39) 

Section 3 (&).— Change the first sen- 


1 1944 Book of A.S.T.M. Standards, Part I. 
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tence to read as' follows: ^Tests. on a' 
specimen of round wire coiitaining' a 
joint, shall show, at least 95 per cent of 
the tensile strength specified in Table 

Section d (&).— Change the first sen- 
tence to read as follows: “Tests on a 
specimen, of grooved wire containing a 
joint shall show at least 95 per cent of 
the tensile strength specified in Table 
II’’ :: 

Standard Specifications for Copper 
Trolley Wire (B 47 - 39):^ 

Section 3 (5). — Change the first sen- 
tence to read as follows: “Tests on a 
specimen of round wire containing a 
joint shall show at least 95 per cent of 
the tensile strength specified in Para- 
graph (a).” 

Section 6 (b ). — Change the first sen- 
tence to read as follows: “Tests on a 
specimen of grooved wire containing a 
joint shall show at least 95 per cent of 
the tensile strength specified in Para- 
graph (a).” 

Standard Specifications for Figure-Q 
Deep-Section Grooved and Figure-8 
Copper Trolley Wire for Industrial 
Haulage (B 116 ~ 40):^ 

Section 3 (c).-— Change the first sen- 
tence to read as follows: “Tests on a 
specimen of wire containing a joint 
shall show at least 95 per cent of the 
tensile strength specified in Table I or 
Table II, as may be applicable.” 

The recommended revisions in the 
above three specifications are of similar 
import and are designed to make definite 
the required tensile values at joints 
in the wire. Thus the revision requires 
that the strength of the joint be not less 
than 95 per cent of definite tabular 
values rather than 95 per cent of the 
tested strength of samples of the wire. 


Standard Specifications - for- Con- 
centric- Lay-Stranded Copper Conductors^ 
Eard^ Medmm-Hard, - or Soft (,B .8 - 

44):^ 

Table /.—Delete , the require,ment of 
.“'50 ft.” for the 1,2 wire strand in. class A 
since, the 12 wire strand, is no longer 
included in class A. 

Table II. — Change the . number of 
wires of class A stranding for sizes 0000 
and 000 from “12” to read “7” and 
change the diameter of wires of class 
A stranding for size 0000 from “132.8” to 
“173.9” and for size 000 from “118.3” to 
“154.8”; also delete footnote a andqts 
reference. 

This recommended revision will elimi- 
nate an option not found to be necessary 
in commercial practice and will also re- 
move undesirable conflicts in the applica- 
tion of the specifications. 

Table III. — Delete the lines showing 
0000, 12 wire construction and 000, 12 
wire construction. 

Table IV. — ^Add asterisks before the 
0000, 3-wire constructions for Nos. 1, 
2, 3, and 4. 

Standard Specifications for Tinned 
Soft or Annealed Copper Wire for Elec- 
trical Conductors (B 33 ■” 45) 3 

Section 8 {b ). — In the third line, insert 
the abbreviation “c.p.” (for the trade 
designation “chemically pure”), between 
the words ‘^sulfide” and “crystals.” 
In the fifth line, delete the word 
“about” from the phrase “about 250 g.” 
At the end of this paragraph add the 
reference “(Note 7).” 

Explanatory Notes . — Add a new Note 
7 to read as follows: 

Note 7. — ^It is important that the poly sulfide 
solution be of proper composition and strength 
at the time of test. A solution which is not 
saturated with sulfur or which has been made 

s 1945 Supplement to Book of A.S.T.M. Standards, 

Parti, 
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from decomposed crystals may give negative re- 
sults. Therefore, the requirement that the 
solution be tested by observing its blackening 
effect on a bright copper wire is significant. 
Significant also is the requirement that the so- 
lution be saturated with sulfur by allowing the 
solution to stand at least 24 hr. after preparation. 
Attention is called also to the necessity for the 
use of sodium sulfide which has not deteriorated 
through exposure to air; and if exposure has 
occurred, the crystals should be tested for purity. 
The Standard Reagents Tests” of the American 
Chemicar Society are useful in this connection. 

This clarification of the sodium poly- 
sulfide solution preparation and its sig- 
nificance in the testing procedure has 


TABLE I.—ANAbYSIS OF LETTER BALLOT 
VOTE. 


Items 

Affirm- ! 
ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

Revision oe Standards, 
Immediate Adoption 

Spec, for Bronze Trolley Wire 
(B9-39) 

31 

0 

14 

Spec, for Copper Trolley Wire 
(B47-39) 

32 

0 

13 

Spec, for Figure-9 Deep-Section 
Grooved and Figure-8 Copper 
Trolley Wire for Industrial 
Haulage (B 116-40) 

31 

0 

14 

Spec. for Concentric-Lay- 

Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft 
(B8-44). 

29 

0 

12 

Spec, for Tinned Soft or An- 
nealed Copper Wire for Elec- 
trical Conductors (B 33 - 45) . . 

39 

0 

6 




been found necessary through practical 
experience in the application of these 
specifications within the past few years. 

Reaffirmation OF Standard , 

The committee recommends that the 
Standard Specifications for Hard-Drawn 
Copper Alloy Wires for Electrical Con- 
ductors (B 105 - 39) which has been 
published six years without revision be 
reaflfirmed and continued as standard 
without change. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, which consists of 49 mem- 
bers, with the results shown in Table I. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 49 members; 45 members re- 
turned their ballots, of whom 44 voted 
affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

J. H. Foote, 
Chairman, 

E. H. Kendall, 

Secretary, 



REPORT OF COMMITTEE B-2* 

ON 

NON-FERROUS METALS AND ALLOYS 


Committee B-2 on Non-Ferrous Me- 
tals and Alloys because of travel restric- 
tions and in line with Government re- 
quest to limit meetings has not held a 
meeting of the committee as a whole 
since June 29, 1944. During this period, 
business of the committee and subcom- 
mittees has been conducted by corre- 
spondence. Subcommittees assigned 
work to task groups, and the reports of 
these groups were submitted by letter 
and letter ballot to the subcommittees. 
Final action of the committee as a whole 
in these matters was as usual by letter 
ballot, which letter ballot was accom- 
panied by letter of explanation. 

The present officers of Committee 
B-2 have been re-elected for the ensuing 
term of two years. 

Proposed Tentative Specifications for 
Fire-Refined Copper for Wrought Alloys^ 
have been prepared by Subcommittee I 
to supersede Emergency Specifications 
for Fire-Refined Copper for Wrought 
Products and Alloys (ES-7).^ The 
withdrawal of Standard Specifications 
for Fire-Refined Copper Other Than 
Lake (B 72 ~ 33) is being considered be- 
cause of apparent lack of necessity. It 
is expected that Committee B-2 will be 
able to act on both of these proposals 
prior to publication of the 1946 Book of 
A.S.T.M. Standards. 

Revisions of the Standard Specifica- 
tions for White Metal Bearing Alloys 
(B 23 “ 26) and the Tentative Specifica- 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 See Editorial Note, p. l 93. 


tions for Soft Solder Alloys (B 32 - 40 T) 
are in preparation in Subcommittee 
III.^ The revised specifications are to 
be published as tentative and will super- 
sede the present standard specffications 
and their emergency alternate provisions. 
The task group is completing its work 
and plans to send recommendations to 
the subcommittee promptly. It is ex- 
pected that Committee B-2 will be able 
to act on both proposed tentative specifi- 
cations prior to publication of the 1946 
Book of Standards. 

x\cceptance of the before mentioned 
three proposed tentative specifications 
would remove the last of war-time emer- 
gency alternate provisions and emer- 
gency specifications under jurisdiction of 
Committee B-2. 

The xAdvisory Committee held a meet- 
ing in New York, N.Y., on March 25, 
1946. Mr. Sidney Rolle was appointed 
chairman, pro tern, of Subcommittee II 
on Refined Lead, Tin, Antimony and 
Bismuth. Changes in membership were 
approved and business before the sub- 
committees discussed. The chairmen 
of subcommittees outlined their plans to 
complete any work relating to standards 
in order that revised specifications may 
appear in the new Book of A.S.T.M. 
Standards to be issued this year. 

Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, had sug- 
gested that the work of Subcommittee I 
be transferred to its jurisdiction; that is, 
Committee B-5 wishes to extend its 
scope to cover not only the fabrication of 
copper and copper aUoys but to include 
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jurisdiction over the production of. 
copper. 

It was the expression of the Advisory 
Committee that : unless arguments ad- . 
vanced by Committee B-5 were cogent, 
the work of Subcommittee I should' con- 
tinue in Committee B-2. It was decided 
to submit the question to the members of 
Subcommittee:! and their opinion would- 
guide the action of the' members of the 
Advisory Committee before the Society. 
At a meeting of Subcommittee I, on 
April 19, 1946, in New York, the sub- 
committee was definitely not in favor of 
the transfer of its functions to Com- 
.mittee B-S. 

There had been an inquiry by a con- 
sumer of lead as to sampling procedure. 
The. Chairman of Subcommittee II was 
furnished with copies of the corre- 
spondence. The Subcommittee will rec- 
ommend whether any revision of 
the sampling procedure is necessary. 

It was decided to determine whether 
at this time it is necessary or desirable 
to propose specifications for tin and 
specifications for antimony. 

Revision of Standard, Immediate 
■ Adoption . 

The committee recommends for imme- 
diate adoption that in the' Standard 
Specifications for Slab Zinc (Spelter) 
(B 6-37) the requirements for chemical 
composition of special high-grade zinc 
be revised to read as follows: 


special High-Grade Zinc 

Lead, max., per cent. . . . . . .... ........ 0.006 

Iron, max., per cent, . . ... . . .... .... . . 0.005 

Cadrniuni, max., per cent. . . . , . . 0.004 

Aluminum, max., per cent . .... none 

Sum of lead, iron, and cadmium, max., 
per cent ....... . . . . . . ... 0.010 


Note.— A nalysis shall not regularly be made for tin 
but when used for die castings, if found by the purchaser, 
tin shall not exceed 0.003 per cent. Greater amounts may 
constitute cause for rejection. 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
which consists of 134 members; 77 mem- 
bers returned their ballots, of whom 49 


have voted affirmatively, 1 negatively, 
and 27 members marked their ballots 
^ffiot voting.^^ 

' Actwities of Subcommittees 

SiibcommiUee I on Refined Copper (J. 
"L. Christie, chairman) has prepared 
Proposed, Tentative Specifications for, 
Fire-Refined Copper for Wrought Alloys 
to. supersede Emergency Specifications 
for Fire-Refined Copper for Wrought 
Products and Alloys ES-7. The sub- 
committee is considering recommending 
the withdra\¥al of Standard Specifica- 
tions for Fire-Refined Copper Other than 
.Lake (B 72 -33) because of lack- of 
■' necessity. The , subcommittee .in^, its, 
work on preparing Glassification of 
Coppers requests that .the Coordinating; 
Committee , on Non-Ferrous. Metals, 
and Alloys determine if such a classifica- 
tion is needed and if ^so, to suggest , how 
the need could best be filled. 

Subcommittee II on Refiined Lead, Tin, 
Antimony and Bismuth {Sidnoiy Rolle, 
chairman) .is ,conside.ring the sampling, 
procedure in the Standard Specifications 
for; Pig Lead (BZ9,~,43) to determine 
whether any , changes , are .necessary. 
The subcommittee is also considering 
whether it is necessary or desirable to 
prepare .tentative specifications for .tin 
and tentative specifications for antimony. 

Subcommittee III on White Metal Al- 
loys (G. H. Ciamer, chairman) through 
its task group has under completion the 
.revised specifications for, white metal 
bearing alloys and for soft solder alloys 
as mentioned earlier in this report. The 
task group in preparing these specifica- 
tions sought to include the soft solders 
and white metal bearing alloys desig- 
nated by the Society of Automotive, En- 
gineers and Federal Specifications. 

Subcommittee IV on Refined Zinc and 
Wrought Zinc (IE. li. Bunce, chairman) 
has reaffirmed the Standard Specifica- 
tions for Rolled Zinc (B 69 - 39). 
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Committee B-2 has' accepted the sub- 
committee's proposed revision of Stand- 
ard Specifications B 6 as given earlier in 
this report. 

A request for specifications for zinc- 
base sheets for mechanicaih^ grained 
lithopiates has been received and the 
subcommittee is considering whether 
specifications are necessar^^ or desirable. 

Subcommittee V on Precious Metals and 
Alloys (R. H. Leach, chairman) has re- 
viewed and reaffirmed the Standard 
Specifications for Silver Solder (B 73 - 
29).,' 

Subcommittee IT on Coated Metals . — 
A chairman is to be appointed for this 
subcommittee in the near future and the 
subcommittee will review the Standard 
Specifications for Lead-Coated Copper 
Sheet (B 101 - 40) and consider any 
other work which may come before the 
subcommittee. 

Subcommittee VII on Refined Nickel 
and High-Nickel Alloys, Cast And 
Wrought (0. B. J. Fraser, chairman) is 


reviewing the specifications under its 
jurisdiction for the purpose of determin- 
ing whether any revisions. are, necessary.. 

Subcommittee VIII on MisceUaneous 
Refined Metals and Alloys . E. Schu- 
macher, , chairman), has requested that, 
the Coordinating Comm,ittee on Non- 
Ferrous Metals and Alloys decide what 
committee has jurisdiction over Stand- 
ard Specifications for Brazing Bolder' 
(B 64-43). 

This report has been submitted to 
letter ballot of the committee, which 
consists of 134 members; 93. members 
returned their ballots, of whom 78 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the corhmittee, 

E. E. Thtoi, 
Chairman. 

G. Howard LeFevre, 

Secretary. 


Editorial Note 

Subsequent to the Annual Meeting, Committee B-2 presented to the 
Society through the Administrative Committee on Standards the following 
recommendations: 

Tentative Specifications for: 

Fire-Refined Copper for Wrought Alloys (B 216 - 46 T), formerly Emergency Specifications ES~7, 
and 

White Metal Bearing Alloys (B 23 - 46 T). 

Revision of Tentative Specifications for: 

Soft Solder Metal (B 32 - 46 T). 

Wiihdra'wal of Standard Specifications for: 

White Metal Bearing Alloys (Known Commercially as “Babbitt Metal’') (B 23 - 26). • 

These recommendations were accepted by the Standards Committee on 
November 25, 1946, and the new and revised tentatives appear in the 1946 
Book of A.S.T.M. Standards, Part I-B. 

At the same time, the Standards Committee accepted the recommendation 
of Committee B-2 that the following emergency provisions be withdrawn: 

Emergency Specifications for Fire-Refined Copper for Wrought Products and Alloys (ES - 7 ), 

Emergency Alternate Provisions in the Standard Specifications for White Metal Bearing Alloys 

(Known Commercially as “ Babbitt Metal”) (B 23 ~ 26), and 

Emergency Alternate Provisions in the Tentative Specifications for Soft Solder Metal (B 32 - 40 T). 
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ON 

CORROSION OF NON-FERROUS METALS AND ALLOYS 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held a meet- 
ing in' Pittsburgh, Pa., on February 26, 
1946:,, 

The committee consists of 84 mem- 
bers, of whom 71 are voting members; 
32 are classified as producers, 29 as con- 
sumers, and 10 as general interest 
members," . . 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, H,. S. Rawdon. , 

Vice-Chairman, A. G. Halferdahl. 

^ Secretary, A. W. . Tracy. 

: Editorial Change in Tentative 
Method 

The committee voted to continue as 
tentative the Method of Total Immer- 
sion Corrosion Testing of Non-Ferrous 
Metals (B 185 “ 43 T) with the following 
editorial change : 

Section 6’(a).“Add the following sen- 
tence to the end of this paragraph: 
'Toss in weight measurements will not 
show the true corrosion rate if metals 
are severely pitted or selectively cor- 
rodedT 

Activities OR Subcommittees 

Subcommittee I on Total Immersion 
Test (A. W. Tracy, chairman).— The 
Recommended Practice for Plant Cor- 
rosion Tests (A 224 “ 41) developed by 
Committee A-10 on Iron-Chromium, 
Iron-Chromium Nickel and Related Al- 
loys, has been reviewed by the subcom- 
mittee and changes have been made to 

** Presented at the Forty-ninth Ann ualMeeting of the 
Society, June 24r-2k 1946. 


make it applicable to the testing of 
non-ferrous metals and alloys. On the 
recommendation of this subcommittee, 
Committee B-3 voted to recommend to 
Committee A-10 that one method be 
written to cover the testing of all metals. 

Subcommittee III on Spray Test (C. 
E. Heussner, chairman). — ^This subcom- 
mittee through its Subgroup 3 has been 
engaged in studying the effect of the 
important factors in the Tentative 
Method of Salt Spray (Fog) Testing 
(B 117 “ 44 T). It has been found that 
between the critical air pressure limits of 
13 and 16 psi., pressure variations of 
plus or minus 0.5 psi. will significantly 
affect the corrosiveness of the fog. Inves- 
tigation has shown that with air pressure 
varying [plus or minus 0.5 psi., each 
particular type of nozzle has a critical 
pressure at which point the corrosive ef- 
fect of the fog is abnormally severe. This 
critical pressure has been found between 
13 and 16 psi. It was recommended the 
pressure be maintained constant within 
0.2 psi.; this might be accomplished with 
two diaphragm valves in series in the air 
line. 

Studies have shown that baffling, 
nozzle distance, and settling rate are 
adequately covered by the present 
method with respect to sheet zinc and 
cold-rolled steel. Further work on the 
settling rate is planned on the following 
metals: 

S.A.E. 1010 Steel, 

S.A.E. 1010 steel, plus 0.0005 in. nickel, 
S.A.E. 1010 steel, plus 0.0005 in. zinc, , 
S.A.E. 1010 steel, plus 0.0002 in. cadmium, 
S.A.E. 1010 steel, phosphated and painted, 
Zinc plus chromate film, 
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24ST Aluminum, 

24ST Aluminum, chromic acid anodized, 

AM-C52S Magnesium, and 

AM-CS2S Magnesium, chrome pickled. 

As regards the effect of pH, Monel 
tanks for salt; solution and phenol- 
formaldehyde resins in the chamber have 
caused considerable variation in the pH 
of fog. If the pH of salt solutions is 
adjusted at room temperature, the pH 
of the fog will vary considerably from 
the range of 6.5 to 7.2 now specified. 
This range is narrower than necessary 
for iron or zinc; however, a higher pH of 
salt fog is more severe on paint coatings. 
It has been found that the salt solution 
should be heated for 48 hr. at 95 F., or 
boiled for, 1 min. before making pH 
adjustments and that the pH of the col- 
lected fog should be checked frequently. 
Further work on the effect of pH on 
corrosion rate is being considered. 

Regarding the effect of heavy-metal 
impurities on light metal samples, work 
is being done to determine the limits of 
heavy metals, copper and nickel, per- 
missible in salt spray solutions in spray 
boxes testing light metals. 

Subcommittee V on Statistical Analysis 
and Planning of Corrosion Testing (W. E. 
Campbell, chairman).— -The first objec- 
tive of the subcommittee has been 
achieved in the presentation at the 1946 
Spring Meeting of a paper commenting, 
from a statistical viewpoint, on the re- 
sults of the Subcommittee VI atmos- 
pheric corrosion tests. In this paper 
recommendations are made for the con- 
duction of future tests. 

A meeting of Subcommittee V was 
held at the time of the Spring Meeting. 
It was agreed that, in order to function 
with maximum efficiency, Subcommittee 
V should be given full details of the 
scope and objectives of new testing 
programs as soon as possible after the 
program has been agreed upon. 

Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman).— 


Hie atmospheric exposure t^sts on non- 
ferrous metals and alloys which the sub- 
committee started in 1932 are still con- 
tinuing. The fifth and last removal of 
test specimens from the exposure racks 
will probably not be made for another 
5 or 10 yr. The results of the tests 
made to date, as reported in previous 
reports to the committee, were sum- 
marized and discussed in a Symposium 
on Atmospheric Exposure Tests on Non- 
Ferrous Metals,^ comprising six papers,^ 
held at this year's Spring Meeting of the 
Society in Pittsburgh. 

The subcommittee, jointly with Com- 
mittee B-7 on Light Metals and Alloys, 
is considering starting a new exposure 
test to consist principally of the light 
metals— aluminum and magnesium and 
their alloys. This program is in the 
preliminary planning stage at the pres- 
ent time. 

Subcommittee VII on Weather (F. L, 
LaQue, chairman). — Following a policy 
of restricting activities during the war, 
Subcommittee VII w^as inactive up to 
the time of the meeting in Pittsburgh in 
February, 1946. 

At that meeting it was decided to 
organize a subgroup to make a survey 
of methods and instruments currently 
available for measuring the weather 
factors thought to be important with 
respect to atmospheric corrosion. When- 
ever suitable methods and instruments 
are available, an effort will be made to 
correlate weather factors with the atmos- 
pheric corrosion of some common ma- 
terials with the ultimate objective of 
improving the application of atmospheric 
corrosion data and the choice of sites 
for atmospheric corrosion tests. 

It was also decided to reopen discus- 
sions with the Committee on Climat- 
ology of the American Geophysical 
Union in order to secure its cooperation 
in the work of this subcommittee. 

1 Symposium on Atmospheric Exposure Tests on Non- 
Ferrous Metals (1946), (Symposium issued as separate 
publication.) 
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\ Subcommittee VIII on Galmnic and 
Electrolytic Corrosion (L. J. ■ Gorman, 
chairman).— This subcommittee has a 
large program of work in progress. 

— The plans for the 


bolt and washer materials are attached. The 
washer materials will be tested in the form of 
metal strips, bolted across the plates. 

In Parts I and II, it is proposed to 
evaluate the amount of corrosion by 


TABLE I.™.MATERIALS TO BE USED IN ASSEMBLING COUPLES FOR CORROSION TESTS. 
Past I— Disk Type Couples. 


(A) A.S.T.M. type AZ31X magnesium alloy to be coupled with: 

1. Mild steel (0.05 to 0.08 Cu) 7. Stainless steel (type 304) 

■ 8, Monel metal 

9. Nickel 


2. 85*15 brass, 1/2H 

3. 24S-T aluminum alloy 

4. 74S-T aluminum alloy 

5. 56S aluminum alloy 

6. 2S aluminum alloy 


10. Zinc 

11. Cadmium-plated steel (0.0005 in.) 

12. Zinc-plated steel (0.0005 in.) 

13. A.S.T.M. Type Ml magnesium alloy 


(JS) A.S.T.M. type Ml magnesium alloy to be coupled with: 


1. 85-15 brass, 1/2H 

2. 56S aluminum alloy 


3. 2S aluminum alloy 

4. Zinc 


Part II— Bolt Type Couples. 

(0.Q30-in. Wire, Wound on O.S-in. Threaded Bolts) 


(A) AZ3IX magnesium alloy wire to be wound on bolts of: 

1. 85-15 brass 4. Zinc 

2. 2S aluminum 5. Ml magnesium 

3. 36S aluminum 6. AZ31X magnesium 


(B) The following wires to be wound on bolts of AZ31X magnesium: 

1. 85-15 brass wire 3. S6S aluminum wire 

2. 2S aluminum wire 4. Zinc wire 

5. Ml magnesium wire 


Part III— Plate Type Couples. 

(Strips of Various Metals Bolted on Magnesium Plates with Various Bolt Materials) 
AZ3lX'Magnesium Plates with the following bolts and strips: 


Bolt Materials 


1. Mild steel 

2. 85-15 brass 

3. 24S-T aluminum 

4. 56S aluminum 

5. 61S-T aluminum 
6 Stainless steel 

7. Monel metal 

8. Nickel-plated brass 

9. Cadmium-plated steel 

10. Zinc-plated steel 

11. Corronized steel 


Strip Materials 


a 

b 

c 

d 

e 

f 

Mild steel 

85-15 brass 

24S-T aluminum 

S6S aluminum 

61S-T aluminum 
Stainless steel 

Monel metal 

Nickel plated brass 
Cadmium -Dialed steel 
Zinc-plated steel 
Corronized steel 

56S Ai 
56S Al 
S6S Al 
72S Al 
56S Al 
S6S Al 
56S Al 
S6SA1 
56S Al 
S6S Al 
56S Ai 

Zinc 

Zinc 

Zinc 

Zinc 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

AZ31X Mg 
AZ31X Mg 
AZ31X Mg 

AZ31X Mg 

MlMg 

MlMg 

MlMg 

MlMg 


program of tests on the galvanic cor- 
rosion of magnesium alloys coupled with 
other metals and alloys have been com- 
pleted, and the specimens and couples 
are being assembled. The tests will be 
made in -three parts with three types of 
couples as follows; 

Part I. — The disk t3rpe couple which is being 
used for the stainless steel tests now on exposure. 

Part II. — ^The bolt and wire type couple 
developed by the Bell Telephone Laboratories. 

Part III. — ^The plate and washer type couple, 
consisting of magnesium plates to which various 


inspection and weight changes. In Part 
III, it is planned to cut tension speci- 
mens from the magnesium plates and 
to obtain comparative tensile strength 
data on the corroded specimens and 
specimens cut from noncorroded plates. 

The following test locations are to 
be used: 

New York, N. Y. . . . ..... . , Parts I, II andTII 

State College, Pa. .Parts I, II and III 

Kure Beach, Wilmington, 

N. C.. . . ...... . . . . . .Parts I, II and III 

A tropica! location .Parts I and III 
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■Enough couples wEl be provided in 
Parts I and III for three exposure 
periods. The first period is to be 5 yr, 
and the duration of the second and third 
test periods will depend upon the results 
obtained in the first period. In Part II 
one set of couples will be exposed 1 yr., 
and three sets will be exposed in three 
consecutive periods of 4 months each 
during the same year. 

The materials to be used in assembling 
couples in the various tests are given in 
Table I. 

Stainless Steel Tests , — Disk samples of 
stainless steel coupled to other metals 
were exposed in 1941. One set will be 
removed this summer at the end of an 
exposure of S yr. The couples were 
exposed in New York, N. Y., State 
College, Pa., Altoona, Pa., and Kure 


Beach, N. C., and inspections made 
during the summer of . 1945 indicated 
that in all cases the contact resistance 
of the couples was less than 0.1 ohm 
with the exception of the 24 ST alumi- 
num couples at Kure Beach in which 
high resistance had developed. 

This report has been submitted to 
letter ballot of tiie committee, which 
consists of 71 voting members; 45 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

H. S. Rawdon, ■ 
Chairman, 

A. W. Tracy, 

Secretary, 



REPORT OF COMMITTEE B-4* 

ON 

ELECTRIC AL^HEATING, ELECTRICAL-RESISTANCE AND 
ELECTRIC-FURNACE ALLOYS 


Committee B-4 on Electrical-Heating, 
Electrical-Resistance, and Electric-Fur- 
nace Alloys held three meetings during 
the year: in Atlantic City, N. J., on 
June 13, 14, and 15, and in New York, 
N. Y., on November 14, 15, and 16, 

1945, and on February 20, 21, and 22, 

1946. 

The committee consists of 67 members, 
of whom 28 are classified as producers, 
32 as consumers, and 7 as general inter- 
est members. 

The committee has approved re- 
visions in its Regulations which provide 
for an Honorary Chairman (optional), 
Chairman, Vice-Chairman, and Secre- 
tary, and permits election of Honorar}^ 
Members. 

H. L. Curtis and Dean Harvey were 
elected honorary members. 

Dean Harvey resigned as chairman of 
Committee B-4 and as representative 
of the Westinghouse Electric Corp. on 
March 31, 1946, on account of his re- 
tirement from the company. He has 
served as chairman since the organiza- 
tion of the committee in 1925. He was 
unanimously elected Honorary Chair- 
man of the committee. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, J. W. Harsch. 

Vice-Chairman, E. I. Shobert, II. 

Secretary, F. E. Bash. 

The 1945 Supplement to the Bibliog- 

* Presented at the Forty-ninth Annnal Meeting of the 
Society, June 24-28, 1946. 


raphy and Abstracts on Electrical Con- 
tacts, compiled by Subcommittee X on 
Contact Materials, was issued during 
the year. This second annual supple- 
ment contains 16 pages of references to 
articles on electrical contacts and circuit 
interruption, containing 59 references. 

Subsequent to the 1945 Annual Meet- 
ing, Committee B-4 presented to the 
Society through the Administrative 
Committee on Standards a number of 
recommendations which are listed in 
Table I, together with the results of the 
letter ballot vote in Committee B-4 and 
the date of acceptance by the Adminis- 
trative Committee. The new and re- 
vised tentatives have been given the 
designations indicated and appear in 
the 1946 Compilation of '^A.S .T.M. Stand- 
ards on Electrical-Heating, Electrical- 
Resistance, and Electric-Furnace Al- 
loys.’’^ This compilation sponsored by 
Committee B-4 contains 31 standards 
and has recently been published and 
should be of considerable value to in- 
dustry. 

Adoption of Tentatives as 
Standard ■ 

The committee recommends that the 
Tentative Specifications for Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 
cent Chromium, for Electrical Heating 
Elements (B 82 - 44 T) and Tentative 
Specifications for Drawn or Rolled Al- 
loys, 60 per cent Nickel, 15 per cent 
Chromium, and Balance Iron, for Eleo- 

1 Issued' April, 1946. , , 
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trical Heating Elements (B 83 - 44 T)“ 
be approved for reference to letter ballot 

table I.— recommendations accepted by 

THE ADMINISTRATIVE COMMITTEE ON STAND- 
ARDS, INCLUDING RECORD OF LETTER 
. . BALLOT VOTE. , 


, Items 

Affirm- 

ative 

Nega- : 
tive 

Ballots 

Marked 

“Not 

Voting” 

New Tentathe S pecificaiions for: 
Ni.ckel-Chromium-Iron Alloy 
Castings (35-15 Class) for 
High-Temperature Service (B 
207 - 46 T), accepted March 16. 
1946 

43 

0 

8 

New Tentathe Methods of Test for: 
Strength of Welded Joints of 
Lead Wires for Electronic 
Devices and Lamps (B 203 - 
45 T), accepted January 16, 
1946 

30 

0 

10 

Surface Flaws in Tungsten Seal 
Rod and Wire (B 204 --4S T), 
accepted January 16, 1946 

26 

0 

14 

Diameter by Weighing of B’ine 
Wire Used in Electronic De- 
vices and Lamps (B 205 - 
45 T), accepted January 16, 
1946 

32 

0 

8 

Revisions of Tentative Specifica- 
tions for: 

Round Nickel Wire for Lamps 
and Electronic Devices (B 175 
-45 T), accepted Jamiary 16, 
1946 

29 

Q 

11 

Chromium-Nickel-Iron Alloy 
Castings (25-12 Class) for 
High-Temperature Service 
(B 190-45 T), accepted Janu- 
ary 16, 1946 

34 

1 

5 

Revisions of Tentative Methods of 
Test for: 

Temper of Strip and Sheet Metals 
for Electronic Devices (B 155 ~ 
45 T), accepted January 16, 
1946 

28 ' 

0 

12 

Testing Wire for Supports Used 
in Electronic Devices and 
Lamps (B 157 -45 T), ac- 
cepted January 16, 1946 

33 

0 

7 

Density of Fine Wire and Ribbon 
for Electronic Devices (B 180 - 
45 T), accepted January 16, 
1946 

29 

0 

11 

Life Test of Electrical Contact 
Materials (B 182 - 43 T), ac- 
cepted March 16, 1946 

43 

0 

8 

Withdrawal of Standard Specifica- 
tions for: 

Drawn or Rolled Alloy, 80 per 
cent Nickel, 20 per cent Chro- 
mium, for Electrical Heating 
Elements (B82-41), ac- 
cepted March 16, 1946 

45 

0 

6 

Drawn or Rolled Alloy, 60 per 
cent Nickel, IS per cent Chro- 
mium, and Balance Iron, for 
Electrical Heating Elements 
(B 83 - 41), accepted March 16, 
1946, 

45 

0 

1 ^ 


of the Society for adoption as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 

: »1944;.Book of A.S.T.M.. Standards,. Part I. 


which consists of 67, members;, 51 mem- 
bers returned their : ballots, . with the 
following results: B 82, 45 affirmative, 0 
negative and 6 “.not voting”; B 83, 44 
affirmative, 0 negative,,' and .7 ..“not 
voting.” 

. Activities oe Subcommittees 

Stihcommiiiee II on Eleciricd. Tests 
(P. H. Dike, chairman). — ^The subcom- 
mittee has reviewed, ail of the, methods 
for making electrical tests . on electrical- 
resistance and' electrical-heating alloys, 
and has made minor revisions to. bring 
them up to date, 

■ Subcommittee V on W rougM . and Cast 
Alloys for High-Temperature Use (J. W* 
Harsch, chairman). — ^The Tentative 
Specifications for Chromium-Nickel-Iron 
Alloy Castings (25-12 class) for High- 
Temperature Service (B 190 ~ 45 T) 
have been revised to include a brief 
appendix listing some of the more im- 
^portant technical papers on creep at 
elevated temperature. 

New Tentative Specifications for 
Nickel-Chromiuni-Iron Alloy Castings 
(35-15 class) for High-Temperature 
Service (B 207 - 46 T) have been ac- 
cepted by the Administrative Com- 
mittee on Standards. 

Consideration is being given to the 
preparation of specifications for alloy 
castings contaming higher proportions of 
nickel and chromium. 

Subcommittee VII on Thermostat^ 
Metals (P. H. Brace, chairman).— A 
study has been made of types of testing 
equipment to determine the construc- 
tion most' suitable for testing ' helical 
specimens of thermostat metal for equiv 
alent yield stress in accordance with 
the Tentative Method of Test for Equiv- 
alent Yield Stress of. Thermostat Metals 
(B 191 - 44 T) and a design , is being 
prepared. 

A method of test is under considera- 
tion for determining the comparative 
performance of mounted thermostat ele- 
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ments and'a draft of the method is being 
prepared*. , ■ 

^ : M test methods are being 

considered for determining the hardness 
of the components of thermostat metal. 
Hardness is of value as a control test. 

■ SubcommiUee VIII on Metallic Mate- 
rials for Radio Tubes and Incandescent 
Lamps {Sf A, Standing, chairman). — 
Three new tentative methods have been 
issued during the year and four existing 
tentatives have been revised. The titles 
of these appear in Table I. 

The section on cathodes has been very 
active, collecting data and studying the 
effects of composition and other vari- 
ables on the emissivity of oxide-coated 
cathodes. Five companies have re- 
ported on tests of a series of cathode 
melts in diodes. Chemical and metal- 
lurgical studies are being made on the 
material. Experimental work is con- 
tinuing. 

A study is being made on the methods 
of tension and elongation testing of fine 
wire. 

A study is also being made of the 
magnetic permeability of slightly mag- 
netic materials used in lamps and elec- 
tronic devices. 

Continued studies are being made of 
particle size and density of powders. 
Arrangements have been completed for 
interlaboratory testing by various meth- 
ods. 

A draft of a specification for glass seal- 
ing alloys has been prepared and is 
being circulated in the industry. 

Subcommittee IX on Methods of Test 
for Alloys in Controlled Atmospheres (P. 
H. Brace, chairman). — It is planned to 
resume the corrosion tests in controlled 
atmospheres as used in electric furnaces 
at elevated temperature. These tests 
were postponed during the war. Tests 
are to be made to determine the effect of 
humidity in hydrogen atmosphere and 
of sulfur and humidity in “combusted 
gas.’' 


Subcommittee X on Contact Materials 
(F. E. Carter, chairman).— Tentative 
Method for Life Test of Electrical Con- 
tact Materials (B 182 - 46 T) has been 
revised to specify the minor changes 
which were found necessary in the test- . 
ing machine in order to obtain repro- 
ducible results with different machines. 
Tests have been made by four companies 
with the improved machines to deter- 
mine the no-weld current and loss of 
weight of silver and nickel contact mate- 
rial. These tests showed good agree- 
ment. 

Arrangements have been made for a 
study in seven laboratories of the fol- 
lowing five tests of the electrical 
characteristics of contacts: (1) surety of 
making a circuit, (2) welding character- 
istic, (3) arcing characteristic, (4) con- 
tact resistance build-up, and (S) wear. 
These characteristics wiU be determined 
for fine silver, tungsten, nickel, cadmium, 
copper, and coin silver. 

A Tentative Method of Test for Hard- 
ness of Contact Materials is being pre- 
pared, including the superficial Rockwell 
test and the Vickers test. 

E. I. Shobert II presented before the 
subcommittee a paper on “Welding or 
Sticking of Electrical Contacts.” He 
pointed out that there was good agree*- 
ment between the no-weld currents of 
contact materials determined by test 
and those calculated theoretically from 
the physical properties of these mate- 
rials. This paper appears in the com- 
pilation of B-4 standards^ and also has 
been published separately. 

Proposed standards for dimensions of 
composite contact-tipped screws and 
studs consisting of silver and silver-base 
contacts, and of tungsten and molyb- 
dmum refractory composition tips for 
use on composite rivet-type contacts 
have been prepared. These are now 
under consideration in Section C on 
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Standardization of Contact Forms and 
Sizes (A. B. Gibson, chairman), in 
cooperation with the National Electrical 
Manufacturers Association. 

This report has been submitted to 
letter ballot of the committee, ^ which 
consists of 67 members; 51_^members re- 


turned their ballots, all of whom have 
voted afiSrmatively. 

Respectfully submitted ' on behalf of. 

the committee, 

J. W. HaRSCH, : 
Acting Chairman. 

F. E. Bash, 

Secretary. 



REPORT OF COMMITTEE B-S"* 

ON 

COPPER AND COPPER ALLOYS, CAST AND WROUGHT 


Committee B-5 on Copper and Cop- 
per Alloys, Cast and Wrought, held two 
meetings during the year at New York, 
N. Y./on September 12, 1945, and March 
12, 1946. At these sessions the Advisory 
Committee and Subcommittees A-1, 
A-2, A-3, A-4, B-1, and C-1 also met. 

During the year 21 members were 
added to the committee and there were 
seven removals. At the present time 
the committee consists of 134 members, 
of whom 114 are voting members; 49 
are classified as producers, 48 as consum- 
ers, and 17 as general interest members. 

Subsequent to the 1946 Annual Meet- 
ing, Committee B-5 presented to the 
Society through the Administrative 
Committee on Standards a number of 
recommendations which are listed in 
Table I, together with the results of the 
letter ballot vote in Committee E-5 and 
the date of acceptance by the Standards 
Committee. The new and revised ten- 
tatives have been given the designations 
indicated and together with the tenta- 
tive revisions appear in the April, 1946 
Compilation of “A.S.T.M. Standards 
on Copper and Copper Alloys.” 

At the meeting on March 12, 1946, 
the election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, G. H, Hamden. 

First Vice-Chairman, R. A. Wilkins. 

* Presented at the Forty-nintli Annual Meeting of the 
Society, June 24-28, 1946. 


Second Vice-Chairman, J; J. Ranter. 
Secretary, V. P. Weaver. 

TABLE I.—RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE ON 
STANDARDS ON JANUARY 4, 1946, INCLUD- 
ING RECORD OF LETTER BALLOT 
VOTE. 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting’’ 

Neiv Tentative Specifications fior: 
Copper-Nickel-Zinc Alloy Wire 
(B 206 - 46 T) 

34 

1 

30 

Revision ofi Tentative Specifiica- 
iions for: 

Naval Brass Rods, Bars and 
Shapes (B 21 - 46 T) 

28 

1 

36 

Seamless Copper Tubes (B 75 - 
46 T) 

27 

1 

37 

Copper-Nickel-Zinc and Copper- 
Nickel Alloy Sheet and Strip 
(B 122 - 46 T) 

21 

1 

43 

Copper Rods, Bars and Shapes 
(B 133 - 46 T) 

28 

1 

36 

Miscellaneous Brass Tubes (B 
135 - 46 T) 

27 

1 

37 

Phosphor Bronze Rods, Bars and 
Shapes (B 139 - 46 T) i 

28 

1 

36 

Aluminum Bronze Rods, Bars 
and Shapes (B 150 - 46 T) . . 

28 

1 

36 

Copper-Nickel-Zinc Alloy Rod 
and Bar (B 151 - 46 T) 

28 

1 

36 

Phosphor Bronze Wire (B 159 - 
46 T) 

30 

1 

34 

Beryllium-Copper Alloy Strip 
(B 194- 46T) 

20 

1 

45 

Beryllium-Copper Alloy Rod and 
Bar (B 196 - 46 T) 

28 

1 : 

36 

Beryllium- Copper Alloy Wire 
(B 197 - 46 T) 

30 

1 

34 

Tentative Revision ofi Stand- 
ard Specifications for: 

Copper Rods for Locomotive 
Staybolts (B 12 - 45) 

28 

1 

36 

Free-Cutting Brass Rod and Bar 
for Use in Screw Machines (B 
16-45).... 

28 

1 

36 

Copper Water Tube (B 88 - 45). 

24 

, 1 

40 

Copper-Silicon Alloy Rods, Bars 
and Shapes (B 98 - 45) 

28 

, 1 ., 

36 

Copper-Silicon Alloy Wire for 
General Purposes (B 99 - 45) . . 

30 

' 3. 

34 

Copper and Copper-Alloy Seam- 
less Condenser Tubes and Fur- 
rule Stock (B 111 - 45) 

27 

'■ ■ 1 

37 

Brass Wire (B 134- 45) 

30 

1 

„34 

Manganese Bronze Rods, Bars 
and Shapes (B 138 - 45) ....... 

28 

1", 

36 

Leaded Red Brass (Hardware 
Bronze) Rods, Bars and Shapes 
(B 140 -45) 

28 

1 

36 
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TABLE II.— ANALYSIS OF LETTER BALLOT VOTE. TABLE U-Confimud 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 
i Marked ■ 

“Not 

'Voting” 

Affirm- 

.ative 

Nega-, 

tivc. 

Ballots 

Marked 

‘Wot 

Voting” 

I. New Tentative 



n. Revisions of Tentative 




Rec. Practice for Preparing: Ten- 



Specifications— C wlmwd 




sion Test Specimens for Cop- 



! Spec, for Phosphor Bronze Wire 





45 

0 

' 27 (B 159-46T) 

41 . 

0 

31 



Spec, for Aluminum Bronze 




II, .Revisions of Tentatito 



Sheet and Strip (B 169 - 44 T) . 

38 

1 

' 33' ■ ■ 

. Specifications 



Spec, for Copper Bus Bars, Rods, 







and Shapes (B 187 - 45 T) 

39 

• ■ 1' 

32 

Spec, for Cartridge Brass Sheetj 



Spec, for Copper Bus Pipes and 




Strip, Plate, Bar, and Disks 

i 


Tubes (B 188 - 45 T) 

39 

1 

, 32 

(B 19 - 44 T) 

; 43 

1 

28 Spec, for Beryllium-Copper A!- 




Spec, for Naval Brass Rods, 

! 


ioy Strip (B 194 - 46 T) 

39 

0 

33 V 

Bars, and Shapes (B 21 - 46 



Spec, for Beryllium-Copper At- 




T). 

43 

0 

29 loy Strip, Special Grade (B 




Spec, for Bronze Castings for 



195 - 45 T) 

37 

1 

: 34 

Turntables and Movable 



i Spec, for Beryllium-Copper Al- 




Bridges and for Bearing and 



loy Rod and Bar (B 196 - 46 T) . 

38 

0 

34 

Expansion Plates of Fixed 



Spec, for Beryllium-Copper Ai- 




Bridges (B 22 - 45 T). 

44 

0 

i 28 loy Wire (B 197 - 46 T) 

37 

0 

35 

Spec, for Brass Sheet and Strip 



' Spec, for Silicon-Bronze and Sili- 

(B 36 - 44 T) 

42 

1 

! 29 con-Brass Sand Castings (B 198 




Spec, for Seamless Copper 



‘ - 45 T) 

' 44 

0 

■ 28 

Tubes (B 75 - 46 T) 

43 

1 

I 28 Spec, for Copper-Nickel-Zinc 




Spec, for Leaded Brass Sheet and 



i Alloy Wire (B 206 - 46 T) 

; 39 

0 

33 

Strip (B 121 - 44 T) 

40 

1 





Spec, for Copper-Nickel-Zinc 



t III. Revision of Standards, 




and Copper-Nickel Alloy 



Immediate Adoption 




Sheet and Strip (B 122 - 46 T) . 

42 

0 

30 Spec, for Copper Plates for Loco- 




Spec, for Cartridge Brass Car- 



motive Fireboxes (B 11 - 41). , 

i 36 

1 

35 

tridge Case Cups (B 129 - 44 i 



Spec, for Copper Bars for Loco- 




T) 

37 

1 i 

34 motive Stay bolts (B 12 - 45). . 

36 

0 

36 

Spec, for Gilding Metal Strip (B i 



Spec, for Free-Cutting Brass 




130- 44 T) 

38 

1 1 

33 Rod and Bar for Use in Screw 




Spec, for Gilding Metal Bullet 



Machines (B 16-45) 

45 

0 

■ 2,7 

Jacket Cups (B 131 - 44 T) . . . 

36 

0 ! 

36 Spec, for Copper Pipe, Standard 




Spec, for Leaded High-Strength 



Sizes (B 42 - 45) 

' 42 

2 

28 

Yellow Brass (Manganese 



Spec, for Brass Pipe, Standard 




Bronze) Sand Castings (B 132 



Sizes (B 43 - 45) 

41 

2 

29 

-44T)... 

43 

0 

29 Spec, for Phosphor Copper (B 52 




Spec, for Copper Rods, Bars, and 



-43) 

41 

0 

31 

Shapes (B 133 - 46 T) 

44 

0 

28 Spec, for Silicon Copper (B 53 




Spec, for Miscellaneous Brass 



-43} 

: 40 

0 

32 

Tubes (B 135 - 46 T) 

41 

1 

30 Spec, for Steam or Valve Bronze 




Spec, for Phosphor Bronze Rods, 



Castings (B 61 - 44) 

44 

0 

28 

Bars, and Shapes (B 139 - 46 



Spec, for Composition Brass or 




T) 

44 

0 

28 Ounce Metal Castings (B 62 - 




Spec, for Tin-Bronze and Leaded 



44) 

I 45 

0 

27 

Tin-Bronze Sand Castings (B 



Spec, for Bronze Castings in the 




143 - 44 T) 

46 

0 

26 Rough for Locomotive Wear- 




Spec, for High-Leaded Tin- 



ing Parts (B 66 - 44) 

; 36 

0 

36 

Bronze Sand Castings (B 144 



Spec, for Car and Tender Journal 




-4ST.. 

47 

0 

25 Bearings, Lined (B 67 - 44) . . . 

! 33 

0 

39 

Spec, for Leaded Red Brass and 



Spec, for Seamless Copper Tub- 




Leaded Semi-Red Brass Sand 



ing, Bright Annealed (B 68 - 




Castings (B 145 - 45 T) 

46 

0 

26 45) 

44 

1 

27 

Spec, for Leaded Yellow Brass 



Spec, for Copper Water Tube (B 




Sand Castings for General 



88-45) 

; 41 

1 

30 

Purposes (B 146 - 45 T) 

46 

0 

26 Spec, for Copper-Silicon Alloy 




Spec, for High-Strength Yellow 



Plate and Sheet for Pressure 




Brass (Manganese Bronze) 



Vessels (B 96 - 42) 

41 

1 

■, ..30 . 

and High-Strength Leaded 



Spec, for Copper-Silicon Alloy 




Yellow Brass (Leaded Man- 



Sheet and Strip for General 

' 



ganese Bronze) Sand Castings 



Purposes (B 97 - 44). 

, 41 

1 

30' ■ 

(B 147 - 44 T).... 

45 

0 

27 Spec, for Copper-Silicon Alloy 




Spec, for Aluminum-Bronze Sand 



Rods, Bars, and Shapes (B 98 




Castings (B Iar — 4.S T) 

42' 

0 

30 - 45) 

42 

0 

30 

Spec, for Leaded Nickel-Brass 



Spec, for Copper-Silicon Alloy 




(Leaded Nickel-Silver) and 



Wire for General Purposes (B 




Leaded Nickel-Bronze (Leaded 



99-45) 

41 

0 

" 31'' 

Nickel-Silver) Sand Castings 



Spec, for Rolled Copper-Alloy 




(B 149-44 T) 

43 

0 

29 Bearing and Expansion Plates 




Spec, for Aluminum Bronze 



for Bridge and Other Struc- 




Rods, Bars, and Shapes (B 



tural Uses (B 100-44) 

1 ' '38 , 

1 ; 

'■ 33 . 

150-46 T).. 

43 

0 

29 Spec, for Phosphor Bronze Sheet 




Spec, for Copper-Nickel-Zinc 



and Strip (B 103 - 44) ....... . 

41 

■ 1 

30.',,;, 

Alloy Rod, Bar, and Wire (B 



Spec, for Copper and Copper- 




151 -46 T). ............ ...... 

42 

0 

30 Alloy Seamless Condenser 




Spec, for Copper Sheet, Strip, 



Tubes and Ferrule Stock (B 




and Plate (B 152 - 45 T). .. . . . 

43 

1 

28 111-45). 

44 

0 

28 
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TABLE; ll—Conclnied 


Items 


HI. Revision of Standards, 
Immediate Adoption— 

Spec, for Copper-Base Alloy 
Forging Rods, Bars, and 

Shapes (B 124 -45)..... ■. 

.Spec, for Brass Wire (B 134 - 

45).,.... 

Spec, for Manganese Bronze 
Rods, Bars, and Shapes (B 

138 - 45)..... 

Spec, for Leaded Red Brass 
(Hardware Bronze) Rods, i 
Bars, and Shapes (B 140 - 45).| 
Spec, for Copper-Alloy Con- 
denser Tube Plates (B 171 - 
45) 

IV. Adoption as Standard of 
Tentative Revisions of 
Standards 

Spec, for Copper Bars for Loco- 
motive Staybolts (B 12 - 45). . 
Spec, for Free-Cutting Brass 
Rod and Bar for Use in Screw 

Machines (B 16-45) 

Spec, for Copper Water Tube (B 

88 -45) 

Spec, for Copper-Silicon Alloy 
Rods, Bars, and Shapes (B 98 

-45) 

Spec, for Copper- Silicon Alloy 
Wire for General Purposes (B 

99-45) 

Spec, for Copper and Copper- 
Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 

111-45) 

Spec, for Brass Wire (B 134 - 45) . 
Spec, for Manganese Bronze 
Rods, Bars, and Shapes (B 138 

-45) 

Spec, for Leaded Red Brass 
(Hardware Bronze) Rods, 
Bars, and Shapes (B 140 - 45). 


Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting’* 

41 

1 

30 

41 

0 

31 

43 

0 

29 

41 

0 

31 

40 

1 

31 

37 

, 1 ■ 

34 

46 

0 

26 

42 

0 

i 30 

42 

0 

30 

41 

0 

31 

45 

0 

i 27 ■ 

41 

0 

31 

44 

0 

28 

42 

0 

. 29 


Withdrawal of Emergency Alter- 
nate Provisions 


Emergency AUermte Fromsions in Specifications 

for: ^ 

Free-Cutting Brass Rod ■ and Bar for Use ' in 
Screw Machines (EA -- B 16), 

Bronze Castings for Turntables and Movable 
Bridges and for Bearing and Expansion 
Plates of Fixed Bridges (EA - B 22b), 
Steam or Valve Bronze ' Castings (EA - B 61), 
Composition Brass or Ounce Metal Castings 
(EA-B62b), 

Tin-Bronze and Leaded Tin-Bronze Sand Cast- 
ings (EA - B 143b), 

High-Leaded Tin-Bronze Sand Castings (EA 
-B 144b), 

Leaded Red Brass and Leaded Semi-Red Brass 
Sand Castings (EA - B 145b), and 
Leaded Yellow Brass Sand Castings for Gen- 
eral Purposes (EA - B 146b) 

' Recommendations Affecting 
Standards 

The committee is submitting one new 
tentative recommended practice, re- 
visions in 34 tentative specifications, 
revisions in 25 standards for immediate 
adoption, and the adoption of 9 ten- 
tative revisions as standard. The stand- 
ards and tentatives affected are listed 
in Table II and the revisions recom- 
mended are given in detail in the 
Appendix. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, which consists of 114 
voting members, with the results shown 
in Table 11. 


Certain of the revisions being recom- 
mended in the standard and tentative 
specifications include changes now pub- 
lished as emergency alternate provisions. 
For the most part, these include pro- 
visions for test bars for castings; in the 
remainder the emergency provisions are 
no longer necessary. The committee 
accordingly recommends that, concur- 
rently with the approval of the recom- 
mendations affecting standards in this 
report, the following emergency alter- 
nate provisions (all now remaining 
under the jurisdiction of the committee) 
be withdrawn: 


Activities of the Advisory 
Committee 

On the recommendation of the Ad- 
visory Committee, Committee B-5 ap- 
proved the following resolution: 

Resolution on the Death of 
C. H. Davis 

Committee B-5 of the American Society for 
Testing Materials records with sorrow the 
death of Charles Hollister Davis on May 22, 
1945. 

In his passing, the Society has lost a dis- 
tinguished and respected collaborator and a 
sagacious and aggressive member who made 
substantial contributions to the work of the 
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committee and to tlie welfare of tiie Society* 
As secretary of the .committee for many years, 
he: was instmmentai in formulating its policies 
and guiding its deliberations, 

, As metallurgist and ad.mimstrator, he showed 
outstanding executive ability and a thorough 
understanding of technical problems. His 
work was based on a sound scientific background 
enriched by long experience in research where 
Ms acHevements won the merited esteem of his 
associates. 

He was open minded, patient and tolerant of 
the opinions of others, and the memory of Ms 
example will inspire his associates to carry on 
in his resolute spirit. By kindly personal con- 
tact he endeared himself to each member of the 
committee and each member has experienced 
the loss of a true friend. 

The following revisions of the regula- 
tions of the committee were approved 
by letter ballot: 

Article /F, Section 6 . — Renumber as Section 
7 and add a new Section 6 to read as follows: 
^‘Sec. 6. Vacancies in elective office shall be 
filled by appointment by the Advisory Commit- 
tee. Such an appointee shall serve until the 
next regular biennial election of officers.” 

Article FJ, Section 2 , — Add a new sentence 
to the last paragraph of this section to read as 
follows: “Officers of subcommittees shall serve 
until their successors have been appointed.” 

Article FJJ, Section 1 . — Change the first 
sentence to read as follows: “Proposed stand- 
ards or proposed revisions of existing standards 
shall be referred to a letter ballot vote of the 
originating subcommittee and shall receive the 
approval of at least nine-tenths of those voting 
“Yes” or “No” for submission to the main 
committee. Providing further that if less than 
two-tMrds of the subcommittee are recorded as 
voting “Yes,” “No,” or “Not Voting” reference 
to letter ballot of the main committee shall be 
subject to Advisory Committee approval.” 

. Activities of Subcommittees 

The following is the report of the 
several subcommittees during the year. 
The actions recommended at the Fall 
Meeting were approved by the Adminis- 
trative Committee on Standards on 
January 4, 1946, and are listed in detail 
earlier in this report. The actions at 
the Spring Meeting are given in detail 
in the Appendix. Included in the recom- 


mendations are the cancellations of al 
Emergency Alternate Provisions of the 
committee's specifications. 

Subcommittee A-1 on .Plaie^ Sheets and 
Strip (R. A. Frye, chairman, R.- A. 
Lubker, secretary) recommended at the 
Fall Meeting that revisions be incorpo- 
rated in tentative Specifications B 122 
and B 194. A task group (G. R. Gohn,' 
chairman) prepared the revisions for 
Specifications B 122. 

At the Spring Meeting the subcom- 
mittee recommended that revisions be 
incorporated in 11 tentative specifica- 
tions: B 19, B 36, B 121, B 122, B 129, 
B 130, B 131, B 152, B 169, B 194, and 
B 195. Revisions for immediate adop- 
tion were recommended in six standard 
specifications: B 11, B 96, B 97, B 100, 
B 103, and B 171. These recommenda- 
tions, it will be noted, include adding in 
the appendix of the eight general specifi- 
cations for sheet and strip a table of 
preferred thicknesses based on the 
American Standard B32.1, 

A task group (N. H. Murdza, chair- 
man) prepared the revisions for specifi- 
cations B 129 and B 131. 

Among the subjects being studied by 
the subcommittee is the question of the 
inclusion of requirements for plate and 
rolled bar in the sheet and strip specifi- 
cations, and a review of the grain size 
requirements in the Specifications for 
Sheet Brass (B 36). 

Subcommittee A-2 mi Rods, Bars, and 
Shapes (H. C. Ashley, chairman) recom- 
mended that Emergency Alternate Pro- 
visions EA-B 16 applying to the Stand- 
ard Specifications for Free-Cutting Brass 
Rod and Bar for Use in Screw Machines 
(B 16 - 45) be withdrawn. 

At the Fall Meeting it was recom- 
mended that revisions be incorporated 
in six tentative specifications: B 21, 
B 133, B 139, B ISO, B 151, and B 196. 
Tentative revisions were recommended 
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in five ■ standard specifications: B 12, 
B16, B 98, B 138, and B 140. 

' A task group '(B» J« Sirois, chairman) 
prepared the definitions of edge con- 
'tours incorporated in the specifications. 
Incorporation of dimensional tolerances 
for piston finish and shafting rod in 
Specifications B 21, B 138, B 139, and 
B ISO was at the recommendation of 
Subcommittee C-2. ■ 

At the Spring Meeting the subcom- 
mittee recommended that revisions be 
incorporated in seven tentative specifi- 
cations: B 21, B 133, B 139, B ISO, B 
ISl, B 187, and B 196, Revisions for 
immediate adoption were recommended 
in Standard Specifications B 124. Re- 
visions for immediate adoption and the 
adoption of tentative revisions were 
recommended in five standard specifica- 
tions: B 12, B 16, B 98, B 138 and 
B140. 

A task group (G. Williams, Jr., 
chairman) prepared the revisions of 
chemical limits for Specifications B ISO, 

Revision in the straightness tolerances 
for Specifications B 187 was made at 
the recommendation of Subcommittee 
C-2. 

Among the subjects under review in 
the subcommittee are the preparation of 
new specifications for copper-nickel- 
zinc rod and bar to replace Specifica- 
tions B 151 and the possible revision of 
the tempers and physical properties in 
the Specifications for Free-Cutting Brass 
Rod (B 16). 

Subcommittee A-3 oft Wire and Wire 
Rod (B. J. Sirois, chairman) recom- 
mended at the Fall Meeting new Tenta- 
tive Specifications for Copper-Nickel- 
Zinc Alloy Wire (B 206) and revisions 
in Tentative Specifications B 159 and B 
197. It also recommended tentative 
revisions in Standard Specifications B 
99 and B 134. 

A task group (B. J. Sirois, chairman) 
prepared the standard edge and comer 


radii for incorporation in the specifica- 
tions. 

At the Spring Meeting the subcom- 
mittee recommended that revisions be 
incorporated in^ three tentative specifi- 
cations: B 159, B 197 and B 206. Re- 
visions for immediate adoption and the 
adoption of tentative revisions were 
recommended in Standard Specifica- 
tions B 99 and B 134. 

Among the subjects currently being 
studied in the subcommittee are the 
possibility of substituting maximum 
tensile strength values instead of mini- 
mum elongation in the Specifications 
for Copper-Silicon Alloy Wire (B 99) 
and Beryllium-Copper Alloy Wire (B 
197). Another subject under discussion 
is the addition of a new alloy and the 
revision of the physical properties in the 
Specifications for Copper-Nickel-Zinc 
Alloy Wire (B 206). 

Subcommittee A-4 on Pipe and Tube 
(Alan Morris, chairman, R. S. Pratt, 
secretary) recommended at the Fall 
Meeting that revisions be incorporated 
in Tentative Specifications B 75 and 
B 135. Tentative revisions were recom- 
mended in Standard Specifications B 88 
and Bill. 

A task group (H. C. Ashley, chairman) 
prepared the revisions of physical proper- 
ties for Specifications B 75 and B 135. 

At the Spring Meeting it was recom- 
mended that revisions be incorporated in 
three tentative specifications: B 75, B 
135, and B 188. Revisions for imme- 
diate adoption were recommended in 
three standard specifications: B 42, 
B 43, and B 68. Revisions for imme- 
diate adoption and the adoption of ten- 
tative revisions were recommended in 
Standard Specifications B 88 and B 111, 

A task group (G. R. Gohn, chairman) 
prepared the flattening test for incor- 
poration in six Specifications: B 42, B 
43, B 68, B 75, B 88, and B 135. 

This subcommittee is reviewing the 
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tensile requirements in the. Specifications 
for Copper Water Tube (B 88) to bring 
them in line with those in the Specifica- 
tions for Seamless Copper Tubes (B 75). 
Another subject being studied is ' the 
chemical 'limits in the various tube 
specifications to bring them in line with 
the chemical requirements for similar 
alloys in other products. 

Subcommittee B-1 on Castings and 
Ingots for Remelting (G. H. Clamer, 
chairman, C. S. Cole, secretary) recom- 
mended that the Emergency Alternate 
Provisions EA-B 22b, EA-B 61, EA-B 
62b, EA-B 143b, EA-B 14Sb, and EA-B 
146b be withdrawn concurrently with 
the approval of the new proposed Tenta- 
tive Recommended Practice for Pre- 
paring Tension Test Specimens for Cop- 
per-Base Alloy Castings.^ At the same 
time the sections for the test bar coupons 
and test specimens appearing in the 
various specifications were recommended 
to be deleted and replaced by appropriate 
reference to this new recommended prac- 
tice. This involved changes in Stand- 
ard Specifications B 61 and B 62, and in 
10 tentative specifications: B 22, B 132, 
B 143, B 144, B 145, B 146, B 147, B 
148, B 149, and B 198. 

Tiie subcommittee voted to set up a 
task group to study the subject of test 
bars and test bar practice which will 
review the work currently being done on 
this subject at Battelle Memorial Insti- 
tute under the sponsorship of the Non- 
Ferrous Ingot Metal Institute;^ the work 
on the same subject at the Naval Re- 
search Laboratory and the British Stand- 
ards Institution Code of Procedure in 
Inspection of Copper-Base Alloy Cast- 
ings which was recently published in 
England. The new recommended prac- 

1 This recommended practice was accepted as tentative 
by the Society and appears in the 1946 Book of A.S.T-M. 
Standards, Part I-B. 

2 This work was reported by Mr. Clamer in his lecture 
“Test Bars for 8S-5-5-S Alloy, Their Design and Some 
Factors Affecting Their Properties,” which was presented 
at the 1946 American Foundrymen’s Association Golden 
Anniversary Convention May 9, 1946, Cleveland, Ohio. 


tice will later be expanded as' the task 
group has recommendations to offer. 

Revisions for immediate adoption were 
recommended in four standard specifica- 
tions: B 52, B 53, B 66, and B 67. 

Subcommittee C~1 on Methods of Test 
(G. R. Gohn, chairman) recommended 
the adoption of a standard rejection 
clause prepared by a task group (C. J. 
Snyder, chairman) for incorporation in 
the specifications under the jurisdiction 
of Subcommittees A-1, A-2, A-3, and 
A-4. - 

A task group (J. F. Ednie, chairman) 
reviewed the significance of numerical 
limitations for chemical composition and 
physical properties and the subcom- 
mittee recomm.ended that the findings 
of the group be referred to Subcommit- 
tees A-1, A-2, A-3, A-4, and B-l for 
application to the various specifications 
under their jurisdiction. 

The representative of Committee B-5 
on Committee E-1 on Methods of Test- 
ing obtained recommendations from the 
Section on Indentation Hardness re- 
lating to the location of Rockwell and 
Brinell tests on sheet and rod stock. 

Future work of the subcommittee 
includes the development of methods of 
tension testing for thin sheet metals and 
for rod stock. 

Subcommittee C-2 on Tolerances (J. E. 
McGraw, chairman) recommended to 
Subcommittee A-2 the incorporation of 
dimensional tolerances for piston rod 
and shafting in Specifications B 21, B 
138, B 139, and B 150 and revision in the 
straightness tolerances for Specifica- 
tions B 187. 

At the request of Subcommittees A-1, 
A-2, A-3, A-4, and C-1, the subcommittee 
obtained from the Copper & Brass Re- 
search Ass’n. a statement as to the signifi- 
cance of values for dimensional toler- 
ances and recommended its adoption in 
the applicable specifications under Com- 
mittee B-S. 
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; RecommendatioEs as to the maximum 
thickness limitation of width tolerances 
for slit metal" were presented to Sub- 
committee A-1 for adoption’ in' the 
applicable specifications. The subcom- 
mittee recommended to Subcommittee 
A-4 revisions in the out-of-roundness 
tolerances in Specifications B 75 and 

B13S., 

The subcommittee is currently dis- 
cussing with CABRA the latter’s pro- 
posed new classification of flat products 
which involves terminology differing 
from that now used in A.S.T.M. speci- 
fications. 

SubcommiUee C-3 on Editorial and 
Publications (W. F. Roeser, chairman) 
has been assigned the development of 
definitions of terms relating to copper 


and brass, the. development of a classi- 
fication of wrought copper alloys, and 
the coordination of phraseology in Com- 
mittee B-5 specifications. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 114 voting members; 72 
members returned their ballots, of whom 
61 have voted affirmatively and 0 nega- 
tively. 

Respectfully submitted on behalf of 
the committee, 

G. H. Harnden, ■ 
Chairman. 

V. P. Weaver, 

Secretary. 


Editorial Note 

The emergency alternate provisions listed in the report were discontinued 
by action of the Administrative Committee on Standards on September 
9, 1946. 



APPENDIX 


In this Appendix are given the recom- 
mendations affecting certain standards 
covering copper and copper alloys which 
are referred to earlier in this report. 
The standards appear in their present 
form in the 1944 Book of A.S.T.M. 
Standards, Part I, or the 1945 Supple- 
ment to Book of A.S.T.M. Standards, 
Part I, and the compilation of ^^A.S.T.M. 
Standards on Copper and Copper Al- 
loys/^ April, 1946. 

Revisions op Tentative 
Specifications 

The committee recommends that the 
following 34 tentative specifications be 
revised as indicated below and continued 
as tentative. 

Tentative Specifications for Cartridge 

Brass Sheet, Strip, Plate, Bar, and 

Disks (B 19-44T) : 

Section 4; — Delete the last zero in 
each of the limits for chemical composi- 
tion; also delete Note 2. 

Section 15. — In the table for slit metal, 
column 1, change to “0.187.’’ 

Sections 14, 15, 16, 17, and 18. — Add a 
note to read as follows: “Note.— The 
dimensional tolerance requirements of 
these specifications are absolute. Meas- 
urements to determine compliance with 
the specified tolerances should be made 
with a practical insimramt having 
divisions at least as fine as the degree of 
precision of the limiting dimension, 
thaD^is, the nominal dimension plus or 
minus the tolerance.” 

Section 23. — ^Revise to read as follows: 


Material that fails to conform to these 
specifications will be rejected, and the 
manufacturer shall be notified within 
30 days after receipt of the material.” 

Tentative Specifications for Nava! Brass 
Rods, Bars, and Shapes (B 21 ~ 46 T) : 

Section 2. — Revise Item 3 to read as 
follows: “Diameter or distance between 
parallel surfaces: if tolerances other than 
plus and minus are required, whether all 
plus or all minus, (Section 12).” 

Section 7. — Revise to read as follows: 
“For grade A material, the bend test 
specimen shall stand being bent cold 
through the angle prescribed in Table II 
around a pin, the diameter of which is 
equal to twice the diameter or thickness 
of the specimen, without fracturing,” 
Section 9. — In Paragraph (a), line 15, 
change the word “rods” to “materiaL” 
In Paragraphs {h) and {c), line 2, change 
the word “rod” to “materiaL” 

Section 10. — In Paragraph (a), insert 
the words “bars or shapes” after “rods.” 
In Paragraph (5), line 3, change “rod” 
to “length.” 

Sections 12, 13, 14, and. 16.— Kdi a. 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Table VII . — Change the title of 
Table VII to read as follows: “Straight- 
ness Tolerances. Applicable to Any 
Longitudinal Surface or Edge.” 

Section n .—ReYis^ to read as follows: 
“The material shall be free from in- 
jurious defects, and shall have a bright, 
smooth surface.” 
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TentatiFe Specifications for Bronse Cast- 
ings for Turntables and Movable 
Bridges and for Bearing and Expan- 
sion Plates of Fixed Bridges (B 22 - 
45 T): 

. Section 8. — Revise this section to read 
as follows: 

8. {a) It is recommended that the tension 
test specimens and coupons for tension' tests 
be prepared in accordance with the Tentative 
Recommended Practice for Preparing Tension 
Test Specimens for Copper-Base x\lloy Castings 
(A.S.T.M. Designation: B 208) except that 
Fig, 2 of B 208 is not applicable to these alloys. 

(6) A suitable test bar for the compression 
test specimen shall be an integral part of the 
casting and shall be fed and cooled under the 
same conditions as the castings, 

(c) Compression test specimens shall be 
cylinders 1 sq. in. in cross-sectional area and 
1 in. in height.2 

Figures 1 and 2. — Delete the present 
Figs. 1 and 2. 

Tentative Specifications for Brass Sheet 
and Strip (B 36 - 44 T): 

Section 1. — Delete alloys Nos. 5 and 7 
from the table appearing in Paragraph 
(a), and add a footnote to read as 
follows: “The former alloys Nos. 5 and 7 
have been discontinued/’ 

Section 4. — Delete alloys Nos. 5 and 7 
from the table appearing in this section 
and add a footnote to read as follows: 
“The former alloys Nos. 5 and 7 have 
been discontinued.” For alloy No. 8 
change maximum copper “67.5” to 
‘^68.0” and change lead, maximum, 
“0.30” to “0.15.” 

Section 7 (b). — ^Delete all reference to 
alloys Nos. 5 and 7. 

1 This recommended practice was accepted as tentative 
by the Society and appears in the 1946 Book of A.S.T.M. 
Standards, Part I-B. 

2 xhe matters of revising the dimensions of compression 
test specimens and the method of determining the so- 
called “deformation limit” are under consideration by 
Committee E-1 on Methods of Testing. Tests are being 
made on cylindrical specimens 1 sq. in. in cross-sectional 
area and 3 in. in height. Committee B-5 on Copper and 
Copper Alloys, Cast and Wrought, which has written 
these specifications feels that these specifications with 
the present compression tests as specified may be satis- 
factorily used until better compression test specimens are 
available. — Ed. 


Tables /, JJ, and III . — ^Delete all 
reference to alloys Nos. 5 and 7. 

Table V . — In the third column of the 
table for slit metal change “0.182” to 

“0.187.” 

Sections 14^ 15, 16, 17, and 18. — Add a 
note to read as ^ indicated above for 
Sections 14 to 18 in Specifications B 19* 

Section 21. — Add the words “within 
30 days after receipt of the material.” 

New Appendix.— KAA an appendix to 
read as follows: “It is recommended 
that wherever possible material pur- 
chased to these specifications be ordered 
in thicknesses listed as follows: 


PREFERRED THICKNESSES FOR UNCOATED 
THIN FLAT-ROLLED METALS^ (UNDER 
0.250 IN.) (ALL VALUES IN INCHES). 



0.006 

0.012 

0.025 

O.OSO 

0.100 

0.200 


0.007 

0.014 

0.028 

0.056 

0.112 

0.224 

0.004 

0.008 

0.016 

0.032 

0.063 

0.125 



0.009 

0.018 

0.036 

0.071 

0.140 


0.005 

0.010 

0,020 

0.040 

0.080 

0.160 



0.011 

0.022 

0.045 

0.090 

0.180 



®In conformance with American Standard B 32.1. 


Tentative Specifications for Seamless 

Copper Tubes (B 75 - 46 T) : 

Section 8. — Reletter as Paragraph (a) 
and add the following as Paragraph (6): 
“As an alternate to the expansion test for 
tubes over 4 in. in diameter in the 
annealed condition, a section 4 in. in 
length shall be cut from the end of one 
of the lengths for a flattening test. This 
4-in, sample shall be flattened so that a 
gage set at three times the wall thickness 
will pass over the tube freely throughout 
the flattened part. The tubes so tested 
shall develop no cracks or flaws visible 
to the unaided eye as a result of this test. 
In making the flattening test the ele- 
ments shall be slowly flattened by one 
stroke of the press.” 

Sections 16 and i7.— Add a note to 
read as indicated above for Sections 14 to 
18 in Specifications B 19. 

Table II. — In Table II, delete the 
column headed “Stubs’ Gage.” ^ 
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Tentative Specifications for Leaded 
Brass Sheet and Strip (B 121 - 44 T): 

Table V , — In the third column of 
the table for slit metal change ^^0.182” ' 
to “0.187d^ 

Sections 14, 15, 16, 17, and 18 . — ^Add a 
note as indicated above for Sections 14 
to 18 of Specifications B 19, 

Section 21— Add the words ^%ithm - 
30 days after receipt of the materiald^ 
New Appendix . — Add an appendix as 
indicated above for Specifications B 36. 

Tentative Specifications for Copper- 
Mckel-Zinc and Copper- Mckel Alloy 
Sheet and Strip (B 122 - 46 T): 

Sections 14, IS, 16, and 17 . — Add a 
note as indicated above for Sections 14 
to 18 of Specifications B 19. 

New Appendix . — Add an appendix as 
indicated above for Specifications B 36. 

Tentative Specifications for Cartridge 
Brass Cartridge Case Cups (B 129 ~ 
44 T): 

The proposed revision of these speci- 
fications includes changes in manu- 
facturing and chemical requirements, 
deletion of all requirements for sheet and 
strip, changes in the grain size require- 
ments, addition of a section on retests 
and revision of the rejection clause. 
The revised specifications are appended 
hereto.® 

Tentative Specifications for Gilding 
Metal Strip (B 130 - 44 T) : 

Section 4 . — Delete Note 2 and revise 
the limits of chemical composition to 
read as follows: 


Copper, per cent 89.0 to 92.0 

Lead, max., per cent 0 .05 

Iron, max., per cent. 0.05 

Total elements, other than copper 

, and zinc, max., per cent ... , 0 . 13 

Zinc. . . . . jfemainder 


Sections 14, 15, 16, and 17— Add a 


3 These revised specificatioas were accepted by the So- 
ciety and appear in the 1946 Book of A.S.T.M. Standards, 
Part I-B, , 


note, as indicated above for Sections 
14 to 18 of. Specifications B 19.. . 

Section 22. — ^Add the , words “within 
30 days after receipt of the^ material.” 

Tentative Specifications for Gilding 
Metal Bullet Jacket Cups (B 131 - 
44 T): 

The proposed revision of these speci- 
fications' , includes changes in: ■ anneals, 
manufacturing and chemical require- 
ments, deletion of ail requirements on 
metal for cups, changes in grain' size, 
addition of a section on retests and 
revision of the rejection clause.- The 
revised specifications are appended 
hereto.® 

Tentative Specifications for Leaded 
High-Strength Yellow Brass (Manga- 
nese Bronze) Sand Castings (B 132 - 
44 T): 

Section 5. — Revise Section 5 to read 
as follows: “It is recommended that the 
tension test specimens and coupons for 
tension tests be prepared in accordance 
with the Tentative Recommended Prac- 
tice for Preparing Tension Test Speci- 
mens for Copper-Base Alloy Castings 
(A.S.T.M. Designation: B 208),^ except 
that Figs. 1, 3 and 4 of B 208 are not 
applicable to these alloys.” 

Figures 1, and 2. — Delete the present 
Figs. 1 and 2. 

Tentative Specifications for Copper 
Rods, Bars, and Shapes (B 133 - 46 T) : 

Sections 18, 19, 20, and 31 —Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Table VI. — Change the title of Table^ 
VI to read as follows: “Straightness 
Tolerances. Applicable to Any Longi- 
tudinal Surface or Edge.” 

Tentative Specifications for Miscellane - 
ous Brass Tubes (B 135 > 46 T) : 

Section 10. ■ — Add a new Paragraph (6) 
to read as indicated above for Section 
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,8 , (J), ia: Specifications B 75* ■ Reletter' 
the present. Paragraph (&) as Para- 
graph (c) and change the last two words 
to read “these tests/’ . 

SecHons 15 and. 16— Add a note to 
read as indicated above for Sections 14 
to 18 in Specifications B 19. 

Table III— In Table III delete the 
column headed “Stubs’ Gage.” 

Tentative Specifications for Phosphor 
Bronze Rods, Bars, and Shapes 
(B 139-46T): ■ 

Sections 12^ 13 , 14, and 16. — ^Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Table VIL — Change the title of 
Table VII to read as follows: “Straight- 
ness Tolerances. Applicable to Any 
Longitudinal Surface or Edge.” 

Section 77.— Change to read as follows: 
“The material shall be free from injurious 
defects, and unless otherwise specified 
shall have a bright, smooth surface,” 

Tentative Specifications for Tin- 
Bronze and Leaded Tin-Bronze Sand 
Castings (B 143 - 44 T), 

Tentative Specifications for High- 
Leaded Tin-Bronze Sand Castings 
(B 144 - 45T), 

Tentative Specifications for Leaded Red 
Brass and Leaded Semi-Red Brass 
Sand Castings (B 145 ~ 45 T), and 

Tentative Specifications for Leaded 
Yellow Brass Sand Castings for 
General Purposes (B 146 - 45 T) : 

Section 9 . — Revise to read as follows: 
“9. It is recommended that the tension 
test specimens and coupons for tension 
tests be prepared in accordance with 
the Tentative Recommended Practice 
for Preparing Tension Test Specimens for 
Copper-Base Alloy Castings (A.S.T.M. 
Designation: B 208)/ except that Fig, 2 
of B 208 is not applicable to these alloys.” 


Figures 1 and 2 . — Delete the present 
Figs. 1 and 2. 

Tentative Specifications for High- 
Strength Yellow Brass (Manganese 
Bronze) and High-Strength Leaded 
Yellow Brass (Leaded Manganese 
Bronze) Sand Castings (B 147 “44T) : 

Section 6^.— Revise to read as follows: 
“8, Unless special authority to use 
coupons of other forms and dimensions 
is obtained from the purchaser, it is 
recommended that the tension test 
specimens and coupons for tension tests 
be prepared in accordance with the 
Tentative Recommended Practice for 
Preparing Tension Test Specimens for 
Copper-Base Alloy Castings (A.S.T.M. 
Designation: B 208),^ except that Figs. 
1, 3 and 4 of B 208 are not applicable to 
these alloys.” 

Figures 1 and 2 . — Delete the present 
Figs, l and 2. 

Tentative Specifications for Aluminum- 
Bronze Sand Castings (B 148 - 45) : 

P.— Revise to read as follows: 

9. (a) Unless special authority to use coupons 
of other forms and dimensions is obtained from 
the purchaser, it is recommended that the ten- 
sion test specimens and coupons for tension 
tests be prepared in accordance with the 
Tentative Recommended Practice for Preparing 
Tension Test Specimens for Copper-Base Alloy 
Castings (A.S.T.M. Designation: B 208),^ except 
that Figs. 1, 3, and 4 are not applicable to these 
alloys. 

(^) In the case of coupons cast separately, 
they shall be molded in a manner similar to the 
castings they represent. If the castings are 
heat-treated, the coupons representing such 
castings shall be sinailarly heat-treated. The 
coupon representing alloys 9 B - HT, 9 G - HT, 
and 9 D - HT shall be heat-treated with the 
casting. 

Figures 1 and 2.— Delete the preseut 
Figs. 1 and 2. 

Tentative Specifications for Leaded 
Nickel-Brass (Leaded Nickel-Silver) 
and Leaded Nickel-Bronze (Leaded 
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Nickel-Silver) Sand Castings (B 149- 
44T): 

Section 9 and Figs. 1 and 2.— Make 
the same changes as recommended above 
for Specifications B 143. 

Tentative Specifications for Aluminum 
Bronze Rods, Bars, and Shapes 
(B 1S0-46T): 

Section 4.— Chdoagt the requirements 
for chemical composition to read as 
follows: 



Type I 

Type 11 

Copper, per cent 

80.00 to 93.00 

78.00 to 85.00 

Aluminum, per cent ... 

6.50 to 11.00 

9.00 to 11.00 

Iron, per cent 

Nickel, per cent 

4.00 max- 

2.00 to 4.00 

1.00 max.“ 

4.00 to 5.50 

Silicon, max., per cent. . . . 

2.25“ 

0.25 

Manganese, max., per cent 

1.50 

1.50 

Tin, max., per cent 

0.60 

0.20 

Zinc, max., per cent 

1,00 


Tellurium, max., per cent. 
Total of elements other 

0.65 


than those named, max., 1 



per cent ; 

0.50 

0.50 


“When both silicon and nickel are present in the 
type I alloy* only one shall be in excess of 0.25 per cent. 

Note. — Analysis shall regularly be made only for 
the elements specifically mentioned in the above table. 
If the presence of other elements is suspected, or indicated 
in the course of routine analysis, further analysis shall be 
made either chemically or spectrographically to determine 
that the total of these other elements is not in excess of 
0.50 per cent. 

Table L — In Table I, change the 
tensile strength requirement for shapes 
from “75,000” to “70,000.” 

Sections 12, 13, 14, and 16. — Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Table VIII . — Change the title of 
Table VIII to read as follows: “Straight- 
ness Tolerances. Applicable to Any 
Longitudinal Surface or Edge.” 

Section 17: — Revise to read as follows: 
“The material shall be free from injurious 
defects. Cold-drawn material shall have 
a bright, smooth surface.” 

Tentative Specifications for Copper- 

Nickel-Zinc Moy Rod, Bar, and Wire 

(B 151--46 T):: ^ 

Sections 13, 14, 15, and 16. — Add a 
note to read as indicated above for 


Sections 14 to 18 in Specifications B; 19. 

Table IX . — Change the title of,. Table 
IX to 'read as .follows: “Straightness 
Tolerances. Applicable .to Any' Longi- 
tudinal Surface or Edge.” 

Tentative Specifications for Copper 
Sheet, Strip, and Plate (B 152 - 45: T) : 

Table V . — In the third column of the 
table for slit metal change “0.182” to 

“0.187.” 

Sections 17, 19, 20, and 21 . — Add: a' 
note to read as indicated above for 
Sections 14 to 18 of Specifications B 19. 

Section 24. — Add the words “within 
30 days after receipt of the material.” 

New Appendix. — ^Add an appendix to 
read as indicated above for Specifications 
B 36. 


Tentative Specifications for Phosphor 

Bronze Wire (B 159 - 46 T)t 

Section 3. — Revise to read as follows: 

3. The wire shall be made from materials 
of such purity (Note) that it will conform to the 
requirements of these specifications. 

Note. — Materials conforming to the follow- 
ing specifications are satisfactory for use in the 
manufacture of the phosphor bronze wire 
described in these specifications: 


Material A.S.T.M. Designation® 

Copper .B 4, B 5, B 115, or B 216 

Tin - equal to “Banca” or “Straits’^ 


Clean, new scrap resulting from manufacturing 
operations upon material conforming to these 
specifications or clean scrap composed of 
material of equal purity may be used. 


“These designations refer to the following specifica- 
tions: 

standard Specifications for Lake Copper Wire Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot Bars (A.S.T.M, 
Designation: B 4),* . 

standard Specifications for Electrolytic Ccmper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and ingot Bars 
(A.S.T.M. Designation: B 5),* 

Standard Specifications for Electrolytic Cathode Copper 
(A.S.T.M. Designation: B 115),^ and 
rentative Specifications for Fire-Refined Copner for 
Wrouffht Allovs B.S.T.M. Designation: B 2U)A 


Table I . — In Table I add a footnote to 
read as follows: “For purposes of 
acceptance or rejection, an observed 
value or calculated value obtained from 


U946 Book of A, S.T.M. Standards, Part I-B., 
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analysis should be. rounded oS to the 
nearest unit in tlieiast right-hand place ' 
of figures, used in expressing' the specified 
limit in accordance with the rounding-off 
procedure prescribed in Section 4 of the 
Tentative ■ Recommended Practices for 
Designation of Numerical Requirements 
in Standards (A.S,T.M. Designation:' 
E29).^^V 

Tables II and III— In Table II and 
III, add a footnote to read as follows: 
^Tor purposes of acceptance or rejection, 
an observed value or calculated value 
obtained from the tension test should be 
rounded off to the nearest 1000 psi. in 
accordance with the rounding-off pro- 
cedure prescribed in Section 4 of the 
Tentative Recommended Practices for 
Designation of Numerical Requirements 
in Standards (A.S.T.M. Designation: 
E29).^’^ 

Section 10. — Add a note to read as 
indicated above for Sections 14 to 18 
in Specifications B 19. 

Tentative Specifications for Aluminum 

Bronze Sheet and Strip (B 169 - 44 T) : 

Table /F.— In the third column of 
the table for slit metal change “0.182” 
to “0.187.” 

Sections 10, 11, 12, and 13. — Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Section 16. — Add the words “within 
30 days after receipt of the material.” 

New Appendix.— Add an appendix as 
indicated above for Specifications B 36. 

Tentative Specifications for Copper Bus 

BarSs Rods, and Shapes (B 187-45 T): 

Sections 11, 12, 13, and 14— Add a 
note to read a^ indicated above for 
, Sections 14 to 18 in Specifications B 19. 

Section 13 —Revise to read as follows: 
“Unless otherwise specified, the material 
shall be furnished in straight lengths. 
The deviation from absolute straightness 
of any longitudinal surface or edge shall 


not exceed the limitations prescribed in 
Table VII.” ' 

Table VIL - — Revise Table VH to read 
as shown! in the accompanying Table I : 


TABLE I.— STRAIGHTNESS TOLERANCES. 
Applicable To Any Longitudinal 
Surface Or Edge. 



Maximum 
Curvature 
(depth of 
arc), in. 

Portion of Total 
Length in Which 
Depth of Arc is 
Measured, in. 

Drawn rods — 


120 

Drawn shapes 


72 

Drawn bars 


60 


Section 18. — Revise to read as follows: 
“Material that fails to conform to these 
specifications will be rejected and the 
manufacturer shall be notified within 30 
days after receipt of the material.” 

Tentative Specifications for Copper Bus 
Pipes and Tubes (B 188 - 45 T) : 
Sections 11 and 12. — Add a note to 
read as indicated above for Sections 14 
to 18 in Specifications B 19. 

Table III. —In Table III, delete the 
word “Standard” from the title. 

Section 16. — Revise to read as follows: 
“Material that fails to conform to these 
specifications will be rejected, and the 
manufacturer shall be notified within 30 
days after receipt of the material.” 

Tentative Specifications for Beryllium- 

■ Copper AEoy Strip (B 194 - 46 T) : 

Table F.— In the second column of 
Table V change “0.182” to- “0.187.” 

Sections 12, 13, 14, and 15.— Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

New Appendix.— Add an appendix as 
indicated above for Specifications B 36. 

Tentative Specifications for Beryllium- 

■ Copper Alloy Strip, Special Grade 
1 (B.195-45T): ^ 

Sections 12, 13, 14, and 15.— Add a 
note to read as indicated above for 
Sections 14 to 18 of Specifications B 19. 

16'.-— Add the words “within 
■ 30 days after receipt of the material.” ; 
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Tentative Specifications for Beryllinm- 

, Copper, AHoy Rod and Bar (B 196 - . 

46 T):,, 

Sections 12 y 13 and 14. — Add a note to 
read as indicated above for Sections 14 . 
to 18 of Specifications B 19. 

Table XII. — Change the title for 
Table XII to read as follows: ^‘Straight- 
ness Tolerances. Applicable to Any 
Longitudinal Surface or Edge.’’ 

Tentative Specifications for Beryllmnx- 

Copper Alloy Wire (B 197 46 T) : 

Section 4.— Add a footnote to the table 
in this section to read as indicated above 
for Table I of Specifications B 159. 

Tables II and III.— Add a footnote to 
Tables II and III to read as indicated 
above for Tables II and III of Speci- 
fications B 159. 

Section 12. — Change the title to “Di- 
mensional Tolerances” and add a note as 
indicated above for Sections 14 to 18 in 
Specifications B 19. 

Tentative Specifications for Silicon- 

Bronze and Silicon-Brass Sand 

Castings (B 198 - 45 T): 

Section 6. — ^Revise Paragraph {a) to 
read as follows: 

6. {d) It is recommended that the tension 
test specimens and coupons for tension tests be 
prepared in accordance with the Tentative 
Recommended Practice for Preparing Tension 
Test Specimens for Copper-Base Alloy Castings 
(A.S.T.M, Designation: B 208)/ except that 
Fig. 2 of B 208 is not applicable to these alloys. 

{h) Test specimens may be chilled provided 
the castings are also chilled in the same manner. 

Reietter Paragraph (Jb) as (c), omit 
present Paragraph (c), and retain Para- 
.graphed).,,.' 

Figures :T and 2. — Delete the present 
Figs, land 2. 

Tentative ; Specifications for Copper- 

Nickel-Zinc AHoy Wire (B 206 - 46 T) ; 

5;— -In line 2 of Paragraph (a) 
delete the word “raw.” Insert the 
present Paragraph (b) as a part of the 


note under Paragraph (a) and/reletter^ 
the present Paragraph (c;) .as (&). 

Sections 12 and 14.— Add ,.a,.note to 
read as indicated above for Sections 14 
to 18 in Specifications B, 19. 

Revision of. Standards, I&imedxate 
Adoption', 

The' committee .recommends, for imme- 
diate adoption, revisions in 25 specifica- 
tions as indicated, belo w and ' accordingly 
asks for ,a nine-tenths affirmative vote 
at the Annual Meeting in order that these 
modifications may be referred, to letter- 
ballot of the Society, . 

Standard Specifications for Copper 

Plates for Locomotive Fireboxes' (B 

11-41): 

Section 14 . — Revise to read as follows: 
“Material that fails to conform to these 
specifications will be rejected, and the 
manufacturer shall be notified within 
30 days after receipt of the material” 

Standard Specifications for Copper Rods 

for Locomotive Staybolts (B 12 - 45): 

Section J.— Revise to read as follows: 
“An analysis may be made by the pur- 
chaser from samples selected according to 
Section 10. The chemical composition 
thus determined shall conform to the 
requirements specified in Section 4.” 

Section 9 (a).— Revise to T‘ead as- 
follows: “Two tension and two bend 
tests shall be made on each lot of 10,000 
lb. or fraction thereof on samples selected 
according to Section 10.” 

New Section. — ^Add a new Section 1,0 to 
read as follows, renumbering the ..sub- 
sequent sections accordingly: ; . 

10. SmnpUng ." — Samples from separate .pieces 
shall be taken from 0.5 per cent of the number 
of pieces in each lot of 10,0001b. or fraction there- 
of, but in no case shall less than 4 nor more than 
20 samples be taken. 

■ Section . 11 . — Add a note to read as 
indicated above for -Sections 14 to 18 -in 
Specifications B 19-. 
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Standard Specifications ■ for Free -Cutting 

Brass Rod and ' Bar For Use in Screw 

MacMnes (B 16 -45): 

Section P.—Reietter as Paragraph (a) 
aDd add the following as Paragraph (b): 
“(6) Bend test specimens may be a piece 
of the full-size rod or a piece 1 in. in 
width by | in. in thickness. In the case 
of bend test specimens of rectangular 
section, the edges may be rounded off 
to a radius equal to one-fourth of the 
thickness.’’ 

Sections 22, 13, 14, and 15. — Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Table F/.—Change the title for 
Table VI to read as follows: ‘‘Straight- 
ness Tolerances. Applicable to Any 
Longitudinal Surface or Edge.” 

Section 16. — Revise to read as follows: 
“16. The material shall be free from 
injurious defects and shall have a bright, 
smooth surface.” 

Standard Specifications for Copper Pipe, 

Standard Sizes (B 42 ”■ 45) : 

Section 7. — Reletter as Paragraph {a) 
and add the following as Paragraph (6): 
“(6) As an alternate to the expansion test 
for pipe over 4 in. in diameter in the 
annealed condition, a section 4 in. in 
length shall be cut from the end of one 
of the lengths for a flattening test. 
This 4-in. specimen shall be flat- 
tened so that a gage set at three times 
the wall thickness will pass over the pipe 
freely throughout the flattened part. 
The pipe so tested shall develop no 
cracks or flaws visible to the unaided eye 
as a result of this test. In making the 
flattening test the elements shall be 
slowly flattened by one stroke of the 
press.”: . 

Section 8 . — Revise, last sentence to 
read as follows: “This test shall apply 
only to sizes 2 in. and under in outside 
diameter.” 

Sections 13 and: 14 —Add a note to 


read as indicated above for Sections 14 to 
18' in Specificatio:ns B 19., 

Section 14 (a). — Revise to read ,as 
follows: “14. (n) The recommended 
standard length of round seamless pipe 
shall be 12 ft. The length shall conform 
to the tolerances prescribed inTabie III.” 

Section 17. — Change the title “Rejec- 
tion” to “Retests.” 

New Section — Add a new Section 18 
to read as follows: “18. Rejection.— 
Materia! that fails to conform to these 
specifications will be rejected, and the 
manufacturer shall be notified within 
30 days after receipt of the material.” 

Standard Specifications ' for Brass Pipe, 

Standard Sizes (B 43 - 45) : 

Title. — Change the title to read 
“Standard Specifications for Red Brass 
Pipe, Standard Sizes.” 

Section 1. — Revise to read as follows: 
“These specifications cover seamless red 
brass pipe in all standard pipe sizes . . . 

Section 2. — Delete item (i) and re- 
number the remaining items accordingly. 

Section 4. — In the third sentence delete 
the w^ords “in the case of red brass pipe 
only.” 

Section 5. — Delete columns headed 
“Muntz Metal,” “High Brass,” and 
“Admiralty Metal” from the table of 
chemical requirements. 

Section 7. — Add a new Paragraph {b) 
to read as indicated above for Section 
7 (b) of Standard Specifications B 42. 

Section 9. — Delete the last sentence 
and replace by the following: “This test 
shall apply only to sizes 2 in. and under 
in outside diameter.” 

■ Table /. — In Table I delete the 
column headed “Yellow Brass” and 
revise the table title accordingly. 

Sections 14 and 15.— Add a note to 
read as indicated above for Sections 14 
to 18 in Specifications B 19. 

Section 15 (a).— Revise ^ to read as 
follows: , “IS.v {a) The recommended 
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standard, length, of round seamless pipe 
shall be 1 2 ft. , The lengths sha.ii conform 
to the tolerances prescribed in Table 
Section 19 , — Change the title ‘"Rejec- 
tion” to “Retests.” 

New Section,— KAA a new Section '20 
to .read as follows: “20. Rejection — 
Material that fails to conform to these 
specifications will be rejected, and the 
manufacturer shall be notified within 
30 days after receipt of the material.’^ 

Standard Specifications for Phosphor 
Copper (B 52 -43):, 

Section 3 , — Revise by the addition of 
the following words in parentheses after 
the word “pounds”: “(or in the form of 
shot).” 

Section 5. — Revise to read as follows: 

5. (a) Ingots or Slabs . — For ingots or slabs, 
approximately 1 lb. of material for each 100 lb. 
of the lot shall be selected, as the sample. The 
sample shall be examined for extraneous material. 
Depending on the grade, the sampling shall 
then be carried out as follows: 

(/) Grade A. — The sample shall be crushed 
and quartered. From the quarter selected 
for analysis sufficient material shall be reduced 
to suitable size particles by means of a 
bucking board (hardened steel plate with a 
curved-face mallet) . A magnet shall be 
passed through the sample to insure the 
elimination of free iron. 

{2) Grade B . — The entire sample, or a 
sample taken by quartering if the shipment 
is a large one, shall be melted under a layer 
of charcoal. The melted sample shall be 
east into a small ingot or button. The ingot 
or button shall be drilled or sawed completely 
through, or one-half through from the top 
and bottom, surface material being rejected. 
{h) Shot. —Box material in shot form a repre- 
sentative 1-lb. sample shall be selected. Care 
shall be exercised to have the coarse material 
and fine material in the sample in approximately 
the same proportions in w-hich they exist in the 
lot. The sample shall be examined for extrane- 
ous material, which shall be removed. The 
selected sample shall be quartered and a magnet 
passed through the selected quarter to insure the 
elimination of free iron. 


Standard Specifications for . Silicon 
Copper (B 53.- ,43): , , 

Section , J..— Add ' tlie, w^ord . . .„ “sliot” 
before the word “lumps.” 

Section 4. — Revise, , the , chemical , re-, 
quirements for silicon and iro..ii to read as 


follows: 

Grade A Grade B . Grade C 

Silicon, per 

cent 10.0 to 12.0 18.5 to ,21.5 .,,.28.5 to 31.5 

Iron, max., 

per cent, 0.50 0.50 0.50 

Add limits for calcium, as follows: 

Calcium, max, 

per cent 0.15 0,15 0.15 


Section 5.— Revise to read "as follows:', 

5. {a) Ingots or Slabs . — For ingots or slabs, 
approximately 1 lb. of material for each 100 lb. 
of the lot shall be selected as the sample. The 
sample shall be examined for extraneous ma- 
terial. The sample shall be crushed and 
quartered. From the quarter selected for 
analysis sufficient material shall be reduced to 
suitable size particles by means of a bucking 
board (hardened steel plate with a curved-face 
mallet). A magnet shall be passed through 
the sample to insure the elimination of free 
iron. 

{h) Shot or Lumps . — For material in shot or 
lump form a representative 1-lb. sample shall 
be selected. Care shall be exercised to have the 
coarse material and fine material in the sample 
in approximately the same proportions in which 
they exist in the lot. The sample shall be 
examined for extraneous material, which shall 
be removed. The selected sample shall be 
quartered and a magnet passed through the 
selected quarter to insure the elimination of 
free iron. 

Standard Specifications for Steam or 

Valve Bronze Castings (B 61 - 44) : 

. Section <5'.— Revise to read as follows:, 
“8. It is recommended that, the tension 
test specimens and coupons for tension 
tests be prepared in accordance with the 
Tentative Recommended Practice for 
Preparing Tension Test Specimens for 
Copper-Base Alloy ,Ca,stings,, (A.S.T.M. 
Designation: B 208),^ except that Fig. 2 
of B 208 is not applicable to ,this alloy. 

Figures I and 2 , — ^Delete the present 
Figs, 1 and 2. 
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Standard Specifications for Composition 
Brass, .or, Otmce Metal Castings 
,(B,'62-44): 

Section S . — Revise to read as indicated 
for Section 8 of Specifications B 61. ■ 

-Figures I and 2. — Delete the present 
Figs. 1, and 2. . 

Standard . Specifications for Bronze 
Castings in the Rough for Locomotive 
Wearing Parts (B 66 44): 

Table L — In Table I add a decimal 
point followed by a zero for all values of 
tin and lead. 

Standard Specifications for Car and 
Tender , Journal Bearings, Lined (B 
67-44): 

Section 3 —Add d. decimal point fol- 
lowed by a zero for all values in chemical 
composition where no decimals are now 
shown. 

Standard Specifications for Seamless 
Copper Tubing, Bright Annealed 
(B68-4S): 

Section 8. — Reletter as Paragraph {a) 
and add a new Paragraph (p) as indicated 
above for Tentative Specifications B 75. 

Sections 13 and 14. — Add a note to 
read as indicated above for Sections 14 
to 18 in Specifications B 19. 

Table 1. — Delete the column headed 
^^Stubs’ Gage.’^ 

Section 18. — Revise to read as follows: 
“18. Material that fails to conform to 
these specifications will be rejected, and 
the manufacturer shall be notified 
within 30 days after receipt of the 
material’^ 

Standard Specifications for Copper Water 
Tube (B 88-45): 

Section 9,' — Reletter as Paragraph (a) 
and add a new Paragraph (5) as indicated 
above for Section 8 (b) of Tentative 
Specifications B 75. 

Section IL — Change the last line of 
Paragraph (a) to read “specified in 


Sections 8 to 10, inclusive and Section 
15 (b)T ■ In the second line of Para- 
graph (5) delete “30 to 100-ft.^^ 

Table //.—Delete the |-in. and.,J-in. 
sizes, and for type M tubes delete all 
values for. sizes 2 in. and under in the 
columns headed “wall thickness” and 
“theoretical weight.” 

Section 14 (b). — Revise . to read as 
follows: “(Z>) The nominal length for 
tubes furnished in coils shall be 60 ft.” 

Sections 15. and 16.- — Add a note to 
read as indicated above for Sections 14 
to 18 in Specifications B 19. 

Section 15 (/).~Change to read: 
“(5) No single tube as selected in Section 
11 shall vary ” 

Standard Specifications for Copper- 

Silicon Alloy Plate and Sheet for 
Pressure Vessels (B 96 - 42) : 

Section 9. — Add a note to read as 
indicated above for Sections 14 to 18 in 
Specifications B 19. 

Section 14.— Add the words “within 
30 days after receipt of the material.^’ 

Standard Specifications for Copper- 

Silicon Alloy Sheet and Strip for 
General Purposes (B 97 - 44): 

Table V. — In the third column of the 
table for slit metal change “0.182” 

to “0,187.” 

Sections 10, 11, 12, and iJ.— Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Section 16. — Add the words “within 
30 days after receipt of the material.” 

New Appendix. — Add a new Appendix 
II to read as indicated above for Speci- 
fications B v36. 

Standard Specifications ' ; for ■ , Copper- 

Silicon AEoy Rods, Bars, and Shapes 
■ ,. (B 98-45): ^ 

Table ' //—In ■; Table') II. ■•'revise '".the 
heading “Types A, C, and D alloy rods, 
and shapes” to read ^-Types A, C, and D 
alloy rods, square bars and shapes”; also. 
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ill' the first part of the table, for half-;' 
hard .and hard .tempers, revise 'hods'’ ' 
to read “rods and square bars.” 

Sections 11, 12, 13, and 14— Add a 
note to read as indicated above for 
Sections 14. to 18 in Specifications B 19. 

Table VIIL - — Change the title for 
Table VIII to read as follows: “Straight- 
ness Tolerances. Applicable to 'Any 
Longitudinal Surface or Edge.” 

Section 15.— Revise to read as follows: 
“15. The material shall be free from 
injurious defects, and, unless otherwise 
specified, shall have a bright, smooth 
surface.” 

Standard Specifications for Copper- 

Silicon Alloy Wire for General 

Purposes (B 99 - 45) : 

Table /. — Add a footnote to read as 
indicated above for Table I of Tentative 
Specifications B 159. 

Table 11 . — Add a footnote to read as 
indicated above for Tables II and III of 
Specifications B 159. 

Section 6 . — Delete Paragraph (5). 

Section 7 . — Revise the first two sen- 
tences to read as follows: “Wire of 
types A, B, and C alloys shall stand 
wrapping one full turn (360 deg.) around 
its own diameter without fracture. 
This test shall not apply to ware over 
I in. in diameter nor to material of 
type D.” 

Section 11. — Delete Paragraphs {a) 
and {c) and add a note to read as indicated 
above for Sections 14 to 18 in Specifica- 
tions B 19. 

Section 12 . (5). — Revise to read as 
follows: “(5) Necessary brazes in the 
wire shall be made prior to final drawing 
and in accordance with best commercial 
practice.” ' , 

Standard Specifications for Roiled 
: Copper-AUoy Bearing and Expansion 

■ : Plates for Bridge and Other Structural 

■ Uses (B 100-44): 

Section 8 . — ^Add a note to read as 


indicated above for Sections 14 to .18 in 
Specifications B 19. 

Section 11. — ^Revise to. read as, follows: 
“IL Material that fails to conform^ to 
these specifications will be rejected, and 
the manufacturer shall be notified within 
30 days after .receipt of the ’material.”; 

Standard Specifications for Phosphor 

Bronze Sheet and Strip (B 103 - 44): 

Table I. — Add “grade B 1” with ■ 
composition as for grade B 1 in Tentative 
Specifications B 139. 

Table II. — Change the title to include 
grade B 1 with the same properties as 
for grade B. 

Table IF.— In the third column of the 
table for slit metal change “0.182” 
to “0.187.” 

Sections 13, 14, 15, and 16. — Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Section 19. — Add the words “within 
30 days after receipt of the material.” 

Netu Appendix. — Add an appendix to 
read as indicated above for Specifi- 
cations B 36. 

Standard Specifications for Copper and 

Copper-Alloy Seamless Condenser 

Tubes and Ferrule Stock (Bill — 45): 

Table I. — Delete “aluminum brass, 
type A” and add a footnote to read 
“type A aluminum brass has been 
discontinued.” 

Section P.— Add a sentence to read as 
follows: “The flattened elements shall 
not show cracking or rupture clearly 
visible to the unaided eye.” 

Section 14, — Add a note to read as 
indicated above for Sections 14 to 18 in 
Specifications B 19. 

Standard Specifications for Copper-' 

- Base Alloy Forging Rods, Bars, and 
. Shapes (B 124-45): , 

Title,— Revise to read “Copper and 
Copper-Base Alloy Forging Rods, Bars, 
and Shapes,” • 
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, Sections '6 and Add a note to read 
as indicated above for Sections 14 to 18, 
•in Specifications B 19. ■ 

Section Add the words '^within 
30 days after receipt of the material.” 

Standard Specifications for Brass Wire 
(B 134-45): , 

, Section L — Delete alloy No. 5 and 
add a footnote to read, ‘The former 
alloy No. 5 has been discontinued.” 

■ Section J.— Revise and combine Para- 
graphs {a) and (i) as a new Paragraph 
(a) to read as follows: 

3. {o) The wire shall be made from wire of 
such purity (Note) that it will conform to the 
requirements of these specifications. 

Note.— M aterials conforming to the follow^- 
ing specifications are satisfactory for use in the 
manufacture of the brass wire described in these 
specifications: 


Material A.S.T.M. Designation" 

Copper. ............. .B 4, B 5, B 1 15, or B 216 

Zinc B 6 


Clean new scrap resulting from manufacturing 
operations upon material complying with these 
specifications or clean scrap composed of 
material of equal purity may be used. 


"These designations refer to the following speci- 
fications: 

Standard Specifications for Lake Copper Wire Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot Bars (A.S.T.M. 
Designation: B 4) ,4 

Standard Specifications for Electrolytic Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars 
(A.S.T.M. Designation: B 5},^ 

Standard Specifications for Electrolytic Cathode Copper 
(A.S.T.M. Designation: B 115),^ 

Tentative Specifications for Fire-Refined Copper for 
Wrought Alloys (A.S.T.M. Designation: B 216;,^ and 
Standard Specifications for Slab Zinc (Spelter) A.S.T.M. 
Designation: B 6) 

Table L — Revise the copper limits for 


alloy No. 2 to read “89.0 to 91.0” and 
add decimal points followed by a zero 
for all values in chemical composition 
where no decimals are now shown. 
Delete alloy No. 5 and add a footnote to 
read “The former alloy No. 5 has been 
discontinued.” Add a footnote to read 
as indicated above for Table I of 
Specifications B 159. 

Table IL — In Table II add a footnote 
to read as indicated above for Tables II 
and III of Specifications B 159. 

Sections 12 and 14. — Add a note to 
read as indicated above for Sections 14 
to 18 in Specifications B 19. 

Standard Specifications for Manganese 
Bronze Rods, Bars, and Shapes 
(B 138- 45): 

Sections 12, 13, 14, and 16. — Add a 
note to read as indicated above for 
Sections 14 to 18 in Specifications B 19. 

Table /X.— -Change the title of Table 
IX to read as follows: “Straightness 
Tolerances. Applicable to Any Longi- 
tudinal Surface or Edge.” 

Section 15. — Revise to read as follows: 
“15. The material shall be free from 
injurious defects. Cold-drawn material 
shall have a bright, smooth surface.” 

Standard Specifications for Leaded Red 
Brass (Hardware Bronze) Rods, Bars, 
and Shapes (B 140 - 45): 

Table L — Revise Table I to read as 
shown in the accompanying Table II. 
Sections 9, 10, 11, and 12 . — ^Add a 


TABLE II.--TENSILE REQUIREMENTS. 


Temper 

Forms j 

Diameter or 
Thickness, in. 

Width, in. 

Tensile 
Strength, 
min., psi. 

Yield 
Strength, 
min., psi. 

Elonga- 
tion in 2 
in., min., 
per cent 


All forms 

All sizes. 


35 000 

1 10 000 

25.0 


Rounds, hexagons, 

fO.5 and under 


SO 000 

30 000 

8.0 


octagons. ............ 

•{Over O.S to 1 , 0 . ...... 


45 000 

27 000 

10.0 

Half hard.......' 


iOver 1 , 0 ... 


40 000 

25 000 

15.0 


Rectangles and 

/l.O and under, 

2 .0 and under 

45 000 

25 000 

10.0 


squares 

qOver 1.0 

Over 2.0 

40 000" 

15 000" 

20.0" 


® In the case of bars either over 1 in. in thickness or over 2 in. in width, or both, these values shall apply. 
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note to. .read as , indicated, above for 
Sections 14 to 18 in Specifications B 19. 

Table FJ.— Change the title of Table 
Y1 to read as follows: ''Straightness 
Tolerances. Applicable to Any Longi- 
tudinal Surface or Edge.’^ 

Section 12 , — Revise to read as follow^s: 
“The material shall be free from injurious 
defects j and shall have a clean, smooth 
surface.’’ 

Standard Specifications for Copper-Alloy 
Condenser Tube Plates (B 171-45): 
Sections 9, 10 and 11 . — Add a note 
to read as indicated above for Sections 
14 to 18 in Specifications B 19. 

Section 15 , — Add the words “within 
30 days after receipt of the material” 

Adoption of Tentative Revisions of 
Standards as Standard 

The committee recommends the adop- 
tion as standard of the tentative revi- 
sions issued in 1946 in the following 
nine standard specifications: 


Standard Specifications for Copper Rods 
for Locomotive Staybolts (B 12 - 45)® 
Standard Specifications for Free- Gutting 
Brass Rod and Bar for Use in Screw 
. Machines (B 16 - 45), 

Standard, Specifications for Copper 
Water Tube (B 88~45), 

Standard Specifications for. ; Copper- ■ 
Silicon Alloy Rods, Bars, and Shapes 
(B 98-45), 

Standard Specifications for Copper- 
Silicon Alloy , Wire for General 
Purposes (B 99 - 45), 

Standard Specifications for Copper and 
Copper-Alloy • Seamless ' Condenser 
Tubes and Ferrule Stock (Bill - 45), 
Standard Specifications for Brass Wire 
(B 134 -45), 

Standard Specifications for Manganese 
Bronze Rods, Bars, and Shapes 
(B 138 - 45), and 

Standard Specifications for Leaded Red 
Brass (Hardware Bronze) Rods, Bars, 
and Shapes (B 140 - 45). 



REPORT OF COMMITTEE B-6^ 

ON 

DIE-CAST METALS AND ALLOYS 


Committee B -6 on Die-Cast Metals 
and Alloys did not hold any meetings 
during the year because of traveling re- 
strictions and inadequate hotel accom- 
modations. 

A balance of $2,456.68 was reported 
by Society Headquarters in the funds of 
Committee B-6 as of December 31, 1945. 

At the present time, the committee 
consists of 83 members, of whom 38 are 
classified as producers, 23 as consumers, 
and 22 as general interest members. 

I. Revision oe Tentative 

The committee recommends the follow- 
ing revision in the Tentative Specifica- 
tions for Aluminum-Base Alloy Die 
Castings (B 85 - 44 T):^ 

Section 1 . — Change the second sentence 
to refer to nine alloys and add references 
to alloys SG2 and SG3. 

Table /.—Add the following require- 
ments on chemical composition for the 
two new alloys: 



Alloy SG2 

Alloy SG3 

Copper, max., per cent, 

0.6 

0.6 

Iron, max., per cent. ...... — 

1.3 

2.0 

Silicon, per cent. 

9,0 to 10.0 

9.0 to 10.0 

Manganese, max,, per cent 

0.3 ; 

0.3 

Magnesium, per cent. 

0.4 to 0.6 ! 

0.4 to 0.6 

Zinc, max., per cent ....... 

0.5 

0.5 

Nickel, max., per cent 

0.5 

0.5 

Tin, max., per cent 

0.1 

0.1 

Other constituents, except 



aluminum, max., (total) per 



cent 

0.2 

0.2 

Aluminum, per cent 

remainder 

remainder 


Also change footnote b under Table I 
to read as follows: ^^Alloys S4, S5, SC2, 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 1944 Book of A.S.T.M. Standards, Part I. 


SC7 and SG3 are suitable for the produc- 
tion of castings by either the gooseneck 
or the cold-chamber process. Castings 
of alloys S9, SC5, SC6 and SG2 may be 
made only in cold-chamber machines. ’’ 
Appendix . — Add the following data on 
mechanical properties of the two new 
alloys: 



Alloy SG2 

Alloy SG3 

Tensile strength (round speci- 
mens), psi 

43 000 

43 000 

3 

Elongation in 2 in. (round 
specimens), per cent 

5 ' 

Charpy Impact (square speci- 
mens), ft- lb. 

4.2 ■■ 

2.7 



II. Revision of Standard, Immediate 
Adoption 

The committee recommends for im- 
mediate adoption the following revision 
in the Standard Specifications for Zinc- 
Base Alloy Die Castings (B 86 ~ 43)^ 
and accordingly asks for a nine-tenths 
affirmative vote at the Annual Meeting in 
order that this recommendation may be 
referred to letter ballot of the Society: 

New Section . — ^Add the following new 
Section 6, renumbering the remaining 
sections accordingly: 

6. Chemical A nalysis.—Thei chemical analyses 
of the die castings shall be made in accordance 
with the Tentative Methods of Spectrochemical 
Analysis of Zinc-Alloy Die Castings for Minor 
Constituents and Impurities (A.S.T.M. Designa- 
tion: E 27) and with the Tentative Methods 
of Chemical Analysis of Zinc-Base Die-Casting 
Alloys (A.S.T.M. Designation: E 47) for the 
major constituents. 

Sections 7 and 8 . — Omit these sections 
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on stability and expansion testSj re- 
spectively . 

III. Withdrawal of Tentative 

, .Specifications 

The committee recommends the with- 
drawal of the Tentative Specifications 
for. Special Quality Zinc-Base Alloy Die 
Castings (B 186- 42 T) 3 

IV. Tentative Specifications 
Continued as Tentative 

The committee recommends that the 
Tentative Specifications for Magnesium- 
Base Alloy Die Castings (B 94 - 44T)/ 
and the Tentative Specifications for 
Copper-Base (Brass) Alloy Die Castings 
(B 176 “ 42 T)^ be continued as tentative 
without revision. 

V. Emergency Specifications Dis- 
continued 

The committee recommends that the 
Emergency Specifications for Special 
Quality, Aluminum-Base Alloy Die Cast- 
ings (ES - 29) and the Emergency Speci- 
fications for Special Quality, Mag- 
nesium-Base Alloy Die Castings (ES - 40) 
be discontinued.^ 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists of 
83 members; 7S members returned their 
ballots with the results shown in Table I. 

Activities of Subcommittees 

Subcommittee I on Aluminum-Base 
Die-Casting Alloys (J. J. Bowman, chair- 
man) started atmospheric exposure tests 
on test bars of alloys G2 (8 per cent 
magnesium, remainder aluminum) and 
SG3 (9.5 per cent silicon, 0.5 per cent 
magnesium, remainder aluminum) in 
November, 1944, at Sandy Hook, N. J., 
and New: York, N. Y. 

Unfortunately at the end of the 1-yr. 
exposure period, it was discovered that 


most of the G2 specime.ns at Sandy Hook 
'were '.missing. .However, the sea coast 
exposure test of this alloy was salvaged 
by means of some extra specimens which' 
were being held by the Bell Telephone 
Laboratories for' emergency purposes. 
On March 6, 1946, a new set of bars from 
the original lot was placed in the Sandy 
Hook rack. The .few remaining' test 
specimens , from the originally exposed 
set were removed fro.m the .rack to avoid 
future confusion. 

The testing results on the two alloys 
from the New York exposure and on 
the one alloy from Sandy Hook, after 
1-}^. of atmospheric exposure, are ap- 
pended hereto. 

SubcommiUee II on Zinc-Base Die- 
Casting Alloys (i\. E. Weiss, chairman) 
recommended the discontinuance of Ten- 
tative Specifications for Special Quality 
Zinc-Base Aliov Die Castings (B 
186-42 T). 

SubcommiUee III on Tin and Lead- 
Base Die Casting Alloys (G. 0. Hires, 
chairman) submitted data on creep tests 
on tin and lead alloys. These results are 
appended hereto. 

SubcommiUee V on Exposure and Cor- 
rosion Tests (W. M. Peirce, chairman) 
completed the testing of the aluminum- 
base and zinc-base alloys which were 
exposed for 15 yr. at five outdoor and 
four indoor sites. The results of inspec- 
tion and tests of these alloys after 1, 5, 
and 10-yr. exposures were included in 
the 1932, 1935, and 1940 reports,^ 
respectively. 

The 'Committee also tested the mag- . 
nesium-base and zinc-base alloys from 
five outdoor and four indoor sites after 
5 yr. of exposure. The. record of the 
original properties of these alloys was 
included in the 1939 report,'* 

* Repo.rt of Subcommittee V on Exposure and Corro- 
sion Test of Committee ,B-6 on Die-Cast Metals and 
Alloys. Proceedings^ Am. Soc. Testing Mats., Vol. 32, 
Part I, pp. 265, 271 (1932), Vol. 35, Part I, p. 190 (1935), 
and VoL 40. p. 195 (1940). 

* Proceedings^ Am. Soc. Testing Mats., Vol. 39, p. 2S0 

( 1939 ), 


2 See Editorial Note, p. 224. 
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All of the above data appear in the Martin was appointed , to present 
report of ' this subcommittee appended nominees for chairman, vice-chairman^ 
hereto. ^ . . . . secretary at the June meeting. The 

A nominating committee consisting of report of the nominating committee was 
G. 0. Hiers, R.' L. Templin, and A. E. acted upon by the committee and re- 


TABLE I.-ANALYSIS OF LETTER BALLOT VOTE. 


, , ■ . Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting** 

. .. I. Revision oe Tentative 
Spec, for Aiuminum-Base AUoy 
Die Castings (B 85 - 44 T) 

: 47 

0 

18 

IL Revision of Standard, 
Immediate Adoption 

Spec, for Zinc-Base AUoy Die 
Castings {B 86 - 43) 

47 

1 

i 

III. WiTHDRAWAI OF TENTATIVE 
Specifications 

Spec, for Special Quality Zinc- 
Base Alloy Die Castings 
(B 186 - 42 T) 

S3 

0 

22 

IV. Tentative Specifications 
Continued as Tentative 
Spec, for Magnesium-Base Alloy 
Die Castings (B 94 - 44 T) 

59 

0 

16 

Spec, for Copper-Base (Brass) 
Alloy Die Castings (B 176- 
42 T) 

SO 

0 

25 


suited in the re-election of the present 
officers for the ensuing term of two years. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 83 members; 75 members re- 
turned their ballots, of whom 71 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

J. R. Townsend, 
Chairman^ 

G. L. Werley, 

Secretary, 


Editorial Note 

Subsequent to the Annual Meeting, Committee B-6 presented to the Soci- 
ety through the Administrative Committee on Standards the recommendation 
that the Emergency Specifications for Special Quality, Magnesium-Base 
Alloy Die Castings (ES - 40), and the Emergency Specifications for Special 
Quality Aluminum-Base Alloy Die Castings (ES-29) be withdrawn. This 
recommendation was accepted by the Standards Committee on September 
9, 1946. 


REPORT OF SUBCOMMITTEE I ON ALUMINUM^BASE DIE-CASTING 

ALLOYS 

An Investigation oe ALmnNUM Die-Casting Alloys Nos. IVa, Va, and. V : 


The 1935 report^ of Subcommittee I 
described the preparation of the speci- 
mens for this investigation and presented 
the results of chemical analyses and 
“originaF’ mechanical properties tests. 
The following year the results of the 
accelerated corrosion tests w^ere pub- 
lished with the general conclusion that, 
although the differences were not large, 
the resistance of alloy No. Va to severely 
corrosive conditions was superior to that 
of alloys Nos. IVa and V. Visual and 
microscopic examinations of flat speci- 
mens were made for the first time in 1939 
after 4-yr. exposure to the atmosphere.^ 
The first set of round specimens and the 
second set of flat specimens were re- 
moved from the atmospheric exposure 
racks after a period of 5 yr. The results^ 
disclosed small differences among the 
several materials. 

The present report describes the ex- 
amination and tests of specimens re- 
moved from the atmospheric racks after 
an exposure of 10 yr. The results show 
that, on the average, the losses in tensile 
strengths were small, but significant, 
and were only slightly greater than those 
obtained after 5-yr. exposure. On the 
average, no really significant differences 
existed among the three alloys tested or 


1 “An Investigation of Aluminum Die-Casting Alloys 

Nos. IVa and Va,” Appendix I, Report of Committee B-6 
on Die-Cast Metals Proceedings, Am. Soc. 

Testing Mats., Vol. 35, Part I, p. 184 (1935); Vol. 36, Part 
I, p. 182 (1936). 

2 Report of Committee B-6 on Die-Cast Metals and 
Alloys, Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 
278 (1939). 

3 Report of Committee B-6 on Die-Cast Metals and 
Alloys, Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 
191 (1940). 


between the same alloy cast by two, 
different suppliers. 

Description: 

Since Table I of the 1935 report details 
the distribution of specimens in the tests, 
it will suffice here merely to say that 
three racks, each containing 180 round 
tension specimens and 60 flat tension 
specimens were exposed at the Sandy 
Hook, N. J., New York, N. Y, and 
Altoona, Pa. test sites. In accordance 
with the practice established by Sub- 
committee V, the round specimens were 
exposed with the axis in a horizontal 
plane. The flat specimens, since they 
were to be used for studying the rate of 
surface attack, were exposed so that one 
flat surface was horizontal. 

At the end of 10-yr. exposure, as in 
the case of the 5-yr. period, 60 round 
tension specimens and 12 of the flat 
specimens were removed from each rack 
for test and examination. Missing from 
the test racks at this period were 4 round 
specimens and 9 flat specimens at Al- 
toona and 3 flat specimens at New York. 
Since there are two lots of three alloys 
in the test, this generally provided 10 
round and 2 flat specimens of each 
material. Five of the round specimens 
of each material were tested by the 
Hawthorne Plant of the Western Electric 
Co. and the other five were tested by the 
Aluminum Research Laboratories. 
Each laboratory tested five blanks of 
each material taken from a group that 
had been stored indoors for 10 yr. Con- 
sistent with previous methods of testing. 
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Report of Subcommittee I of Committee B-6 

The accompanying Table A showing results summarized in Table A are be- 
the chemical analyses of the three alloys lieved to represent the typical composi- 
is reproduced from the 1935 Reportd The tions of the materials in the test. 


TABLE A— CHEMICAL ANALYSES OF MATERIALS. 


Identification 


Silicon, 1 Iron, I Copper,^ 

Manga- 

Magne- 1 

. j 

Zinc, 1 

Nickel, 1 

Tin,' ; 

Lead, 

Alumi- 

Number. 

1 Auoy 

per centjper cent per cent 

i i 1 ' 

nese, 
per cent 

per cent 

per cent 

per cent' 

per cent 

per cent 

per'^nt 


Round Specimens® 



' No TVa 

4 72 

1J16 

0.10 

0.01 

0.01 

0.00 

0.01 

0.00 

0.00 1 

balance 

15431. .i 

No] IVa 

4.78 

1,11 

0.10 

0.02 

0.01 

0.00 

0.01 

0.00 

0.00 1 

balance 

14866.... i 

No. Va 

12.02 

1.06 

0.09 

0.01 

0,01 

0.00 

0.01 

0.00 

0.00 

balance 

15432 

No. Va 

11.87 

1.34 

0.09 

0.01 

0.00 

0.00 

0.01 

0.00 

0.00 ! 

balance 

14867... . 

No, V 

12.18 

1.37 

0.42 

0.25 

0.05 

0.51 

0.31 

0.05 

0.02 

balance 

1S433 

No. V 

12.09 

1.51 

0.42 

0.26 

0.06 

0.52 

0.32 i 

0.05 

0.03 ' 

balance 


Feat Specimens^ 


14865.......... 1 

No. IVa 

4.75 1 

1.07 

0.09 

' 0.01 

0,01 

^ 0.00 

0.01 

0.00 

0.00 

balance 

15431 • 

No. IVa 

.4.67 ! 

1.09 

0.10 

0.02 

0.00 

1 0.00 

0.01 

0.00 

i 0.00 

balance 

14866. 

No. Va 

12.13 

1.11 

0.09 

0,01 

0.01 

0.00 

0.02 

0.00 

0.00 

balance 

15432 

■ No. Va 

11.91 

1.22 

0.09 

0.01 

0.00 

0.00 

0.01 

0.00 

0.00 

balance 

14867.......... 

No. V i 

12.16 

1.40 

0.42 

0.24 

0.05 

0.51 

0.31 

O.OS 

0.03 

balance 

1S433 

No. V' : 

12.01 

1.51 i 

0.42 

0.26 

0.06 

0.52 

0.32 

O.OS 

0.03 

balance 




max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 


Nominal. 

No. IVa ^ 

5.0 

1.5 

0.15 

0.1 

O.OS 

0.20 

0.10 

0.05 

0.05 

balance 


' No. Va 

12.0 

1.5 

0.15 

0.1 

0.05 

0.20 : 

0.10 

O.OS i 

0.05 i 

balance 


No. V 

12.0 

2.0 

0.6 

0.3 

0,1 

0.75 

0.50 

0.10 




® Composite from 5 specimens. b Composite from 2 specimen.s. 


TABLE I.-INVESTIGATIONOF ALUMINUM DIE-CASTING ALLOYS IVa AND Va-RESULTS OF EXPOSURE 

FOR 10 YR. TO THE ATMOSPHERE. 




Sandy Hook, N. J.® 

New York, N. Y.® 

Altoona, Pa.® 





Percentage Change 

Percentage Change 

Percentage Change 

■ , ■ Alloy® ■ 

' ' ' 

■ ! 

Tensile 

Strength 

Yield 

Strength 

Elongation 

Tensile 

Strength 

Yield 

Strength 

Elongation 

Tensile 

Strength 

Yield 

Strength 

Elongation 

Tensile 

Strength 

Yield 

Strength 

Elongation 


Tested by Aluminum Research Laboratories 


No. 14865 (IVa) ] 

26 700 

10 740 

5.5 

-1.3 

+3.2 

+1.8 

-4.5 

-2.0 

-18.2 

-5.9® 

_0.7® 

0.0® 

No. 15431 (IVa) 

25 900 

12 880 

4.8 

-4.4 

+C.8 

-4.2 

-1.9 

1 +2.0 

-20.8 

-4.0® 

-0.4® 

0.0® 

No. 14866 (Va) 

, 34 260 

16 960 

2.7 

-7.3 

1 +1,6 

-1.5 

-4.7 

i -1.5 

-14.8 

-6.2 

+0.7 

-11,1 

No. 15432 (Va) 

26 000 

16 680 

1.5 

-0.7 

|.■+3.2 

+6.3 

-0.9 

+3.4 

-6.7 

-3.6 

+0.6 

+11.8 

No. 14867 (V) 

35 980 

20 460 

1.9 

-2.7 

1 -5.4 

-5.3 

-5.8 

-6.0 

-5.3 

-6.8 

'-8.4 1 

+20.8 

No. 15433 (V) 

30 760 

20 640 

1.3 

-11.0 

! -7.4 

-10.0 

-6.9 

-5.6 

i -.7.1 

1 -16. S. 

-9.7 

0.0 

Tested BY Western Electric Co. 

No. 14865 (IVa) 

28 482 

11 612 

5.6 ! 

-3,5’ 

+2.2 

0.0 

-5.8 

-1.9 

-8.9 

-8.3 

-5.1 

-12.5 

No. 15431 (IVa) 

27 376 

14 008 

4.3 .'I 

-2.7 

-5.2 

+11.6 

-8.5 

-7.0 

-7.0 

-5.6 

-7.8 

+2,. 3 

No. 14866 (Va) 

33 695<^ 

17 628*^ 


+3.9 

-0.7 

+33.0 

-6.5 

-4.8' 

0.0 

-0.2 

' -1.7 

-13.3 

No. 15432 (Va) 

28 990 

18 457 

1.1 j 

-10.2 

-6,3 

0.0 

-8.2 

-1.9 

+18.2 

-9.1 

-8.7 

+27.3 

No. 14867 (V) 

37 756 

20 698 

1,4 ! 

-2.9 

-4.5 

■-“7.1 

-7.6 

-3.5 

+7.1 

-4.5, 

-4.1 

0.0 

No. 15433 (V) 

29 984 

19 970 

1.0 

-5.1 

-O.S 

-10.0 

-3.4 

-0.7 

-20.0 

:+3,.S":. 

-0.5 

+20.0 


f Alloys Nos. 1486S, 14866, 14867 (Nos. IVa, Va, V, respectively) were cast by the Aluminum Company of America. 
Alloys Nos. 15431, 15432, 15433 (Nos. IVa, Va, V, respectively) were cast by the General Electric Co. 
®AverageoffivespecimensstoredlOyr,indoors,- 
^Average of five exposed specimens. 

“Average of four specimens; one specimen with obviously low mechanical properties was omitted. 

® Average of three specimens; two were missing at the lO-yr. period. 
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the mechanical properties . tests were 
made with Amsler li 3 .^draulic testing ma- 
chines using the testing procedure 
regularly employed for non-ferrous 
specimens.. The yield streiigtlis reported 
were determined by the, aid of an auto-- 
matic, autographic electrical extensome- 
ter. The visual a.nd microscopic exam- 
inations of the flat specimens we,re made 
by the Aluminum Research Laboratories, 
using polished and etched transverse 
sections and a magnification of 100. 


for 5 yr. , outdoors. ^ Twomiethods of 
calculating the ; changes .in mechanical 
■properties were used. The properties 
of the -exposed speci.mens^ we.re compared 
in one case .wit.h those of the single set 
(10 specimens) of blanks that had been 
sto.red indoors for . the corresponding 
period of time, a.nd in the other, case with 
the average of all blanks (100 specimens) 
tested over a lO-yr. period. The .fore- 
going data have been further summarized ' 


As Tested by Aluminum Reseorch Lcbofotorit* 



Alloy 


B» Tested by Western Electric Company 



A B A 8 A B 
15431 


lYo 



ABABA8 ABABAB ABABA6 A B A B A B 

14866 15432 S4867 15433 

Alloy 3Ca Alloy H 


Fig, 1.— Effect of 10-yr. Exposure to the Atmosphere on the Tensile Strength of Aluminum Alloy 

Die Castings, 


Test Results: 

Table I shows the average mechanical 
properties of the blanks tested after 10- 
yr. storage indoors and the percentage 
changes in properties for the specimens 
exposed for 10 yr. at the three outdoor 
stations (as compared with’ the blanks). 
The tensile strengths of the specimens 
after 10-yr. storage (data for the two 
testing stations being superimposed on 
one another) or exposure outdoors are 
presented graphically in Fig. 1. Table 
II summarizes the changes in properties, 
without regard to testing station, of 
the specimens exposed for 10 yr. outdoors 
and includes for purposes of comparison 
similar data on the specimens exposed 


in Table III, omitting changes in elonga- 
tion, and including the coeflicient of 
variation of the 10-yr. storage specimens 
and the 10-yr. exposure speci.men.s. ^ The 
average percentage loss in tensile 
strength of the sets of specimens exposed 
to the three atmospheric exposure sta- 
tions are present in Table I V. In Table 
V are given the. mic.roscopic examination 
of the flat specimens, including the data 
obtained at the 5-yr. period. 

The average mechanical properties of 
the blanks tested at various periods of 
time over a 10-yr, period .are presented in 
Table VI. The dates on which the 
different lots of specimens had been cast, 
the subsequent dates on which they were 
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tested iB'echaiiically and the approximate 
p'ericd of natural aging at rccm tempera-' 
ture prior to testing are indicated. 

Discussmz: 

The data in Table I reveal that the 
changes in mechanical properties of the 
exposed specimens were generally very 

TABLE n.-INVESTIGATION OF ALUMIKOM DIE-( 
; WITHOUT REGARD TO TESTIKG STATIOK CF EX 


ual specimens and the average values for 
the sets of specimens tested at different 
periods exhibited the usual variations for 
die castings. Furthermore, the proper- 
ties of the specimens tested by the tw^o 
testing stations had varied somewhat. 
Consequently, the average of all of these 

STING ALLOYS IVa AND Va-AVERAGE RESULTS 
:£URE TO THE ATMOSEHERETOR 5 AND 10 YR.; 



Percentage Change in Tensile Strength 

Percentage Change in Elongation 

Exposed to 
Atmosphere at: 

Alloy IVa 

Alloy Va 

Alloy V 

Alloy IVa 

Alloy Va 

Alloy V 


5yr. 

10 yr. 

Syr. 

10 yr. 

Syr. 

10 yr. 

Syr. 

10 yr. 

5 yr. 

10 yr. 

S yr. . 

10 yr. 

Exposed Specimens Compared with Average of 5 or 10 xr. Storage Specimens 




(24865) 

(14866) 

(14867) 

(14865) 

(14866) 

(14867) 

Sandy Hook 

-2.8 

-2.4 

-3.2 

-1.7 

-1.4 

-2.8 

-3.4 

4-0.9 

-10.7 

416.0 

-4.3 

-6.2 

New York 

-3.1 

-5.2^ 

-3.5“ 

-5.6 

-2.9 

-6.7 

-3.4 

-13.6, 

-25.0“ 

-7,.? 

-8.7 

+0.9 

Altoona 

-3.0 

-7,1^ 

-4.3 

-3.2 

-1.4 

-5.7 

4-1.7 

-6.3^ 

-3.6 

-12.2 

-13.0 

+10.4 

Average 

-3.0 

-4.9 

-3.7 

-3.5 

-1.9 

-5.1 

-1.7 

-6.3 

-13.1 

-1.2 

-8.7 

+1.7 


(15431) 

(15432) 

(15433) 

(15431) 

(15432) 

(15433) 

Sandy Hook 

-2.9 

-3.6 

-3.3 

-5.5 

-11.5 

-8,1 

-3.8 

+3.7 

-5.0 

+3.2 

-23.5 

-55.0 

New York 

-3.7 

-5.2, 

-10.5 

-4.6 

-6.2 

-5.2 

-7.5 

-13.0 

+1.2'' 

-25.0 

+5.8 

+5.9 

-13.6 

Altoona 

-5.6 

-4.8^ 

-5.8 

-6.4 

-3.0 

-6.5 

-11.3 

-25.0 

+19.6 

-11.8 

+10.0 

Average 

-4.1 

—4.5 

-6.5 

-5.5 

-6.9 

-6.6 

-7.5 

-3.0 

-18.3 

+9.5 

-9.5 

-19.5 


Exposed Specimens Compaeed with Avekage of All Stoeage Specimens 



(14865) 

(14866) 

(14867) 

1 (14865) 

(14866) 1 

(14867) 

Sandy Hook — ..... 

-3.2 

-3.3 

-3.4 

-1.9 

-4.8 

-3.3 

-S.9 

-6.7 

0.0 

-14.1 

+4.6 

-26.6 

New York 

-3.6 

-6.0 1 

-3.8 

-5.6 

-6.3 

-7.1 

-4.1 

-19.9 

-17.4 

-24.5 

-2.3 

-21.6 

Altoona 

-3.4 

; -7.9 i 

-4.6 

-3.3 

-4.8 

-6.1 

0.0 

-13.4 

+1.8 

-26.7 

-4.6 

-10.5 

Average 

-3.4 

1 -5.7 

-3.9 

-3.6 

-5.3 

-5.5 

-3.3 

-13.3 

-5.2 

-21.8 

-0.8 

-19.6 


C15431) 

I (15432) 

(15433) 

(15431) 

(15432) 

(15433) 

Sandy Hook 

0.0 i 

-2.5 

-2.6 

-9.4 1 

-7.9 

-5.6 

+4.0 

-3.0 

+22.7 

-13.4 

-8.01 

-65.4 

New York — 

-0.9 i 

-4.3 

-9.1 1 

-8.5 1 

—2.4 

-2.6 

+1.0 

-20.0 

-3.2 

-12.9 

-34.1 

-19.3 

Altoona 

-2.9 : 

-3.8 

-4.2 

-10.2 

-2.4 

-4.3 

—3,3 

-5.2 

-3.2 

-0.2 

+8.8 

-7.4 

Average 

-1.3 1 

-3.5 

-S.O 

-9.4 

-4.2 ! 

-4 2 

+0.6 

-9.1 

+5.4 

-8.8 

-11.6 

-30.7 


® Average of nine specimens. 
^ Average of eight specimens. 


small and that there were no conspicuous 
and consistent differences among the 
three alloys tested. A review of the 
tests made on the storage specimens over 
a lO-yr. period (Table VI) disclosed that 
no really significant change in mechanical 
properties of the blanks had occurredj 
that is, the specimens were not suscepti- 
ble to natural aging at room temperature. 
The mechanical properties of the individ- 


sets of storage specimens (100 specimens) 
represents more accurately the mean 
mechanical properties of each lot than 
do the properties determined on but one 
set (10 specimens) of storage specimens. 

In Table II the changes in mechanical 
properties of the exposed specimens 
tested by the two testing stations are 
averaged. This table contains two sets 
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of data, .one being .based on.' a comparison' 
with a single set of storage specimens, 
tested ' concurrently ' with the exposed 
specimens, the other being based, on a ' 
comparison,, with the average, mechanical 
properties of all storage specimens tested 
over, a 10-yr. period. For purposes of 
,comparison, similar data on 'the 5-yr. 
',,sets„of, specimens .are included. , It is ■ 

. TABLEAU.— INVESTIGATION OF ALUMINTO BIE- 
CASTING ALLOYS IVa AND Va-SUMMARY OF 
AVERAGE LOSSES IN TENSILE STRENGTH OF 
EXPOSED SPECIMENS WITHOUT REGARD ' TO 
EXPOSURE. STATION. . 


Alloy 

Coefficient of 
Vanatipn® of 
Tensile 
Strength, 
per cent 

Average Loss In 
Tensile Strength of ' ^ 
Specimens E.xposed to 
the Atmosphere for 

5 or 10 yr., per cent 

lO-yr.^ 
S 'tor- 
age 
Speci- 
mens 

in-yr.'^ 

E'.x- 

posed 

Speci- 

mens 

yr.“ 

10 

yrd: 

5' 

yr.® 

10 

yr.® 

l4SdS (IVa)... 

3.0' 

3.9 

■3.0 

.4,9 

3.4 

5.7 

1543,1 (IVa)... 

3.4 

5..4 

4.1 . 

4.5 

1.3 

3.5 

Average 

3.2 

4.7 

3.6 

4.7 

2.4 

4.6 

14S66 (Va).... 

3.2 

4.7 

'■3.7 

3.5 

3.9 

3.6 

15432 (Va).... 

9.2 

11.0 

6.5 

5.5 

5.0 

9.4 

Average 

, .,6.2 

7.9 

5.1 

4.5, ■ 

4.5 

6.5 

14867 (V) 

6.9 

4.0 

1.9 

'■5.1 

5.3 

5.5 

15433 (V) 

8.1 

10.9 

6.9 

6.6 

4.2 

4.2 








Average 

7.5 

„7.5 , 

4.4 

5.9 

, 4.8 

4.9 


® Coefficient of variation, » 


100 X standard deviation 


in ..tensile strength for the three alloys 
w- ere -very small and that the losses .after 
lO-yr. exposure were generally slightly 
greater than those after 5-yr. , exposure.,, „ 
■■ A'- statistical , analysis^ .of the .data 
■relative to the 10-yr. blanks and the 
10-yr. exposure, specimens' was made. 
The coefficients of .variation of 'these spec- 
■imens are . included in this table. , The 
. studies disclosed that .the average losses: 
in tensile strength for the 10-yr. exposure 

■ specimens in Table III were definitely 
significant,, but, that no sig,niiica.nt differ- 
ences existed aBio,ng the three,, different 

TABLE IV .-INVESTIGATION OF ALUMINUM’ D IE- 
CASTING ALLOYS IVa AM) Va™AVERAGE PER- 
-CENTAGE LOSS IN TENSILE STRENGTH,. WTTH- 

■ OUT -REGARD TO ALLOYS. OF. SPECIMENS' 
EXPOSED TO THE ATMOSPHERE AT THE THREE 

'STATIONS FOR .5 -OR 10 YR. , 


Envirom.ent | 

5 

yr.« 

10 
i yr.« 

yr‘ 

yr.^ 

Sandy Hook, N .J 

4.2 

4.,0 

s.s \ 

,4.3 

New York, N.Y. ... 

,5.0 

5.4, 

4.4. ' 

5.7 

Altoona, Pa. 

3.9 i 

,5.6 

3.7 

S.9 ,, 

Average 

4.4 

5.0, 

3.9 

5.3 . 


mean tensile strength 

® Ten specimens of .each lot tested by two testing sta- 
tions 

^ Thirty specimens of each lot tested by two testing 
stations. 

® Exposed specimens compared with single set of ten 
storage specimens tested at corresponding 5- or 10-yr. 
perio.as. ' 

* Exposed specimens compared with average of all sets 
of. storage specimens (about ,100) ^ tested ' over a 10-yr. 
period. 

apparent from this table that the use of 
the average properties of all storage 
specimens has resulted in reducing the 
scatter in the test ^ data and placing the 
results more in line with those obtained 
at the 5-yr. period. ., 

The presentation of the data has been 
further simplified in Table III by av- 
eraging 'the changes in tensile strength 
for all specimens of each lot without re- 
gard to the exposure station. It is note- 
■ worthy that, on the average, the losses 


® Exposed specimens compared with single set of stor- 
age specimens (10) tested at corresponding 5- or 10-yr. 

periods, 

E.xposed. specimens compared with average of all, sets 
of storage specimens (100) tested over a period of 10 yr. 

alloys or beti,veen lots of the same alloy 
cast by two producers. 

The lo'sses in tensile strength for all 
. alloys, are summarized in Table IV in 
order to express quantitatively the rela- 
tive corrosiveness of the three atmos- 
pheric , statio'ns\for these alloys. A sta- 
tistical analysis of these data sho,wed, . 
that the average losses , in tensile 
■strengths for specimens ’ exposed at each 
station .were ' significant, ' but . that the 
differences among the three stations 
were .not really significant. The . cor- 
rosiveness of these three stations was of 
about the same order of magnitude. , 
■Visual examination of, the fiat speci- 
mens disclosed that all specimens were 
in. a ■good, state of preservation and,:. o.nly 


-•R. A. Fisher, “Statistical Methods for .Research 
' Workers,” Oliver and Boyd, .Edinburgh, p. 128. , . ■ 
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mildly corroded. Specimens that had 
been exposed at Sandy Hook were light 
in color , and contained films of white 
corrosion product; those that had been 
exposed at New York were moderately 
darkened^ the surfaces that faced sky- 
ward being uniform in appearance and 
the under surfaces being speckled with 
spots of white corrosion product. The 
top surfaces of the specimens that had 
been exposed at Altoona were blackened 
with a thick film of industrial products 
and speckled with local spots of white 
product. The under surfaces were less 
darkened and less speckled than the top 


TABLE V.-RESULTS OF MICROSCOPIC EXAMINATION OF FLAT SPECIMENS EXPOSED FOR EITHER 

5 OR 10 YR« 







Depth of Attack, mil 

.3 




Alloy 

Sandy Hook, N. 

J. 

1 New- York, N. y. 

Altoona, Pa. 

Maximum 

j Average 

1 Maximum 

Average 

Maximum 

Average 


Syr. 

10 yr. 

5 yr. 

10 yr. 

5 yr. 

10 yr. 

S yr. i 

to yr.| 

5yr. 

10 yr. 

S yr. 

10 yr. 

No. 1486S (IVa) 

6.7 

5.3 ! 

3.6 

3.6 

4.2 

9.8 

3.4 ' 

5.4 i 

6.4 

1 ■ 8.4 

s.o 

5.8 

missing 

missing 

4.4, 

5.4 

5.2 

No. 15431 (IVa) 

4.2 

4.4 

3.4 

3.2 

4.5 

6.1 ' 

3.6 

4.0 

7.0 

missing 

mi.ssing 

7.0 

4.8 

No. 14866 (Va) 

5.9 ' 

8.4 

4.5 ' 

4.1 

4.8 

9.2 

3.6 

5.9 

6.2 

4.8 

No. 15432 (Va) 

5.6 1 

7.0 

3.9 

4.6 

4.5 

6.7 

3.4 

4.0 

7.0 

4. ,5 

4.2 ^ 

No. 14867 (V) 

6.2 j 

5.6 

4.5 

4.9 

6.4 

8.9 

4.8 

5.3 

5.6 

7.2 

No. 15433 (V) 

5.6 

6.1 

3.6 

4.4 

4.5 

6.7 

3.9 : 

4.6 

7.3 

7:2 

4.8 



® Measurements were made at a magniiication of 100 on one transverse sectionof specimens exposed 5 yr. and on two 
transverse sections of specimens exposed 10 yr. All specimens were corroded principally by attack of the constituent 
network. 


surfaces. No marked differences in ferent producers. These observations, 

surface appearance or extent of corrosive based on mechanical data, were gen- 

attack were evident among the three erally confirmed by visual and micro- 

alloys or between the two lots of the scopic examinations of the specimens, 

same alloy cast by different producers. One consistent difference observed visu- 

Specimens of alloy IVa, however, usually ally was that specimens of alloy IVa had 

had maintained somewhat better surface maintained a somewhat better appear- 

appearance and seemed to have suffered ance than did specimens of alloys Va 

less attack than specimens of the other and V. 

two alloys. These observations were It is noteworthy from a comparison 
generally confirmed by deptli-of- attack of the 5- and lO-yr. data in Tables III 

measurements (Table V) made on trans- and V that the corrosion of the speci- 

verse sections of the exposed speeimens. mens is occurring at a definitely de- 

From these data it is noteworthy that celerating rate. Consequently, it is 

the rate of attack is definitely decelerat- likely that the losses in mechanical 

ing with time. The depth of attack properties of the specimens will be of a 

after 10-yr. exposure was, on the average, small order of magnitude even after a 


not very much greater than that meas- 
ured after .5-yr. exposure.:, , 

Conclusions : 

The results of the .tests and examina- 
tion of specimens exposed for 10 yr. at 
Sandy Ilook, New York, and Altoona 
show that alloys IVa, \^a, and V all ex- 
hibit a high resistance to corrosion. 
These exposures caused, on the average, 
small but significant losses in the 
strength of the three alloys, but there 
were no really significant differences 
among the three alloys or between the 
two lots of the same alloy cast by dif- 



TABLE ¥1.— INVESTIGATION OF ALUMINTO DIE-CASTING ALLOYS NOS. IVa AND Va— SUxMMARY OF MECHANICAL PROPERTIES OF STORAGE SPECIMENS 

TESTED AS BLANKS WITH VARIOUS CORROSION PERIODS. « 


On Aluminum-Base Die-Casting Alloys 


Elongation in 2 in., per cent 

Num- 

ber 

Tested 

OO»0UTi>rjiriurjw^ 

TJ j 

1 

ARL 

ARL 

ARL 

2\RL 

ARL 

ARL 

ARL. 

ARL 

WEC 

BTL 

BTL 

WEC 

WEC 

BTL 

WEC 

WEC 

> 1 

i 

frj 1 

1 

'-<rt’'^''T}»iy5r..cG'r5 1 -Ji* j CO 

Jo 

00 

3 

. » o "3 

rest ■^t'«'Ofooooo'd< ( o 

eMC'»c4c4iN«MiN'-<}r4 (M'-<2ic>JMc4e4'>-«|c4 

Alloy Va 

tM 

c'O 

lo 

M00'»l^u050*CifOlC j vO 0-^OOCO^r-'»-« 1 

! *-< l-r-tiM 1 Ji 

o 

■o 

00 

^ ■ o i 

(McSKMcsesiMroes i tM j csi 

Alloy IVa 

ro 

lO 

"3 *# 

0CC4O00«-<l^iN00|O aOOQI^OOt-OvfrjCOjr^ 

Jo 

OO 

ft) i» iji 

t'-'r^o\r-.’^rofO>n j *-< »-iCJ;aooO(Mf<0»o-<0 j On 

U3vOU3nO‘OOvCi>0 ! <0 O'^iO'O'O-'puOiO ! 

Yield Strength, psi. 

Alloy V 

15433 

18 850 

19 325 
IS 700 
19 400 
19 150 

19 600 

20 350 
20 640 

19 502 


14867 

><00000000 
t- o o >r> o o o o 

>/> O ON wo >0 lO 

OOOWMOnOnOO 

19 273 

Alloy Va 

15432 

17 325 

18 100 
17 300 
16 800 

16 850 

17 900 
17 5C0 
16 680 

17 307 

14866 

OIOOOOOOO 

lOt'-OOiOOO'O 

•^w^ONCONCCOO^ 

i2 iSSSSwSS 

16 692 

Alloy IVa 

ro 

11 950 

12 450 
12 450 
12 200 
12 800 
12 350 
12 650 
12 880 

12 466 

O 

00 

9 850 
10 025 
10 100 
9 750 
10 350 
10 250 
10 500 
10 740 

10 196 

Tensile Strength, psi. 

Alloy V 

15433 

lo «o to wj «o o o o 

s0>0-fTt'OQ0'«f'O 

r<^T-(Csjroo^fo»-<t^ 

COONOQOOl^OOO 

CNCSC^CSCSr«5<^»0 

CN OOOOOPO*^ 
NO NO <5 NO W O P M 00 
^ O 00 CS NO 00 wo On 
On O'. ONOt-.0’->»HON 

cs CM esi to CNi to to ro <M 

30074 

14867 

34 630 

35 818 

36 715 

36 010 

37 180 
37 4C0 
35 370 
33 980 

36 138 

38 080 
39 005 
38 620 
38 560 
38 380 
36 960 

36 160 

37 756 

37 940 

Alloy Va 

15432 

>oo>ou^oooo 
to lO lO O rot-. CM o 
lOCv'Or^'OoOCOO 
t'-OOt— lOOCOOCNNO 
CNiCSCSJCSKMCNCMCS 

27 906 

30 900 
29 445 

28 760 

29 340 
29 240 
29 710 
28 420 
28 990 

29 351 

\0 

\o 

00 

-ji 

»*< 

otocjiomooo 

OtOQ-jtOOOxt^lOCS 

CNjeNfOOifOrorO"^ 

rorOfOrorotOPOfO 

t- OOOOOOO^ 
-rfi c-ioiocO-ritoOoOON 
to '4<'^t<’0-i>CNfor.>NO 
to CM>0«/5rOTf*t^':4>tO 
CO to CO to CC CO CO CO CO 

34 656 

Alloy IVa 

15431 

ooooopoo 

\P00'*-<O'00l>->OCN 
«0 NO lO NO lo o >o 
CacMOtCSCMCNCSOt 

26 060 

25 140 
27 120 
27 500 

25 680 

26 020 

26 670 

27 700 
27 376 

26 651 

14865 

26 445 

27 340 

26 955 

27 390 
27 820 
27 820 
27 425 
26 700 

27 237 

28 260 

28 500 

29 100 

27 800 

28 660 
28 510 

27 980 

28 482 

28 412 

Approxi- 

mate 

Storage 

Period 

3 months 

7 months 
11 months 

13 months 

16 months 

17 months 
5H yr. 

101^ yr. 

3 months 

7 months 
11 months 

14 months 
17 months 
17 months 

5M yr. 

lOM yr. 

Date Tested 

September 4, 1934. .... 

January 25, 1935, 

May 6, 1935..,.. 

July 2, 1935 

October 4, 1935 

November 5, 1935 

January 4, 1940 

January 4, 1945.. . .... 

Average 

September IS, 1934.... 
January 31, 1935...... 

May 1935.... 

July 31, 1935.......... 

November 6, 1935. 

November IS, 1935 , . . . 
January 3, 1940. . ..... 

February 25, 1945 

Average..... 


a, 

< 


I 

a 




o O'O' 

a a a a 

S 

>> 
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considerably longer period' of exposure,, 
and that no really marked differences are 
to be expected among the three alloys 
under study. Thus it would seem that 
the superior rating given alloy Va in the 
accelerated tests has not yet been con- 
firmed by the atmospheric exposures. 
The accelerated and atmospheric tests 
to date indicate that small differences in 
the inherent resistance to corrosion of 
the three alloys might exist if they are 


exposed to severely corrosive conditions, 
such as are typified by the salt spray. 
Under the less corrosive conditions of 
exposure most likely to be encountered 
in service, little difference among the 
three alloys is to be expected. 

Respectfully submitted on behalf of 
the subcommittee, 

J. J. Bowman, 
Chairman 


REPORT OF SUBCOMMITTEE III ON TIN- AND LEAD-BASE DIE- 

CASTINGS 


This report presents the results of creep 
tests in tension obtained in furtherance 
of the investigation of the mechanical 
properties of tin- and lead-base alloy die- 
cast specimens which has been under- 
taken by Subcommittee III. This in- 
vestigation was accomplished through 
the cooperation of two die casters who 
supplied the test specimens and four 


The creep tests were, made of both' flat 
and round tension specimens of each of 
the five tin- and lead-base die casting 
alloys using a 2-in. gage length. The 
technique described elsewhere^ was used 
in these studies. Dead-weight loads 
were applied to the specimens to develop 
the 1000 psi, stress; for higher stresses a 
lever system w^as used. Extension of 


TABLE I.— SPECIFIED REQUIREMENTS FOR CHEMICAL COMPOSITIONS OF LEAD- AND 

TIN-BASE ALLOYS. 


Alloy 

Tin, per cent 

Antimony, 
per cent 

Lead, per cent 

Copper, 
per cent 

Iron, 

max. 

per 

cent 

Arsenic, 

max. 

per 

cent 

Zinc, 

max. 

per 

cent 

Alumi- 

num, 

max. 

per 

cent 

Min. 

De- 

sired 

Max. 

Min. 

De- 

sired 

Max. 

Min. 

De- 

sired 

Max. 

Min. 

De- 

sired 



Max. 

No. 1 

90 

91 

92 

4 

4.5 

5 



0.35 

4 

4.5 

5 

0.08 

0.08 

0.01 i 

0.01 

No. 2 

80 

82 

84 

12 

13 

14 



0.35 

4 

5 

6 

0.08 

0.08 

0.01 ^ 

0.01 

No. 3 

64 

65 

66 

14 

15 

16 

17 

18 

19 

1.5 

2 

2.5 

0.08 

C.IS 

0,01 

0.01 

No. 4 

4 

5 

6 

14 

15 

16 

79 I 

80 

81, 



0.50 


0.15 

O.Cl 

0.01 

No. S 




9.25 

10 

10.75 

89 

90 

91 



0.50 


0,15 

0.01 

0.01 


other companies who supplied the ingot 
metal. The creep tests were made by 
the Bell Telephone Laboratories, Inc. 

Flat and round die-cast specimens were 
used in conducting the tests. Chemical 
analyses, tensile strength and elongation 
data pertaining to the same lots of speci- 
mens have been previously reported.^ 
Reference thereto, as well as to the re- 
printed data shown in Tables I and II, 
disclose the fact that the round speci- 
mens of alloys Nos. 1 and 2 are definitely 
lower in copper content than the limit 
specified, in A.S.T.M. Standard Specifi- 
cations for Lead- and Tin-Base Alloy 
Die Castings (B 102 -- 44).^ 


1 Report of Subcommittee III on Tin- and Lead-Base 
Die Casting Alloys, Report of Committee B-6, ProceedingSf 
Am. Soc. Testing Mats., Voi. 39, p. 282 (1939). 

2 1944 Book of A.S,T.M. Standards, Part I, p. 884. 


the specimens was measured periodically 
by means of a cathetometer reading to 
0.002 in., although estimation to the 
nearest 0.001 in. could be made. On 
this basis the elongation measurements 
may be considered to have a precision of 
±0.1 per cent. 

The elongation-time data are given 
in Tables III to VII inclusive and in 
Figs. 1 to 5. A summary of the stress- 
rupture data is given in Table VIII. 
The unbroken creep specimens, which 
were removed on April 17, 1946, w^hen 
the tests were discontinued, were broken 
in the standard tension test to determine 
the effect of long sustained creep loads 
on the tensile properties. The results 

3 G. R. Gohn, S. M. Arnold, and G. M. Bouton, “Creep 
Tests on Some Extruded Lead and Lead- Alloy Sleeves 
and Tapes/’ see p. 990. 
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TABLE II.~CHEMICAL ANALYSES OF FRACTURED TENSION SPECIMENS, 


Alloy 

Specimens 

Analysts 

Tin, 
per cent 

Anti- 
mony, 
per cent 

Lead, 
per cent 

Copper, 
per cent 

Iron, 
per cent 

Arsenic, 
per cent 

Zinc, 
per cent 

Alumi- 
num, 
per cent 

[ 

Flat 

A 

90,91 

4.76 

0.12 

4.04 ' 

0.04 

0.04 

< 0.01 

0.001 

No.l.........,] 

Flat 

B 

90.44 

4.5 

0.14 

4.34 


0.04 



Round 

A 

92.42 

4.84 

0.29 

2.26 

0.03 

0,06 

< 0.01 

0.661 

l 

Round 

B 

92.2 

5.0 

0.14 

2,45 


0.05 



( 

Flat 

A 

81.81 

12.94 

0.47 

4.62 

0,06 

0.01 

< 0.01 

0.001 

No. 2 ] 

Flat 

B 

81.48 

12.9 

0.13 

4.84 


0.04 



Round 

A 

84.02 

12.98 

0.12 

2.76 

0,02 

0.008 

< 0.01 

0.661 

1 

Round 

B 

82.8 

13.2 

0.10 

3.0 


O.OS 



' r 

Fiat 

A 

66.06 

15.05 

16,68 ! 

2,00 

0.05 

O.OSS 

< 0.01 

0.001 

N 0 . 3 ..........I 

Flat 

B 

65.40 

IS.O 

17.02 

2.20 


0.04 



Round 

■A 

66.11 

14.27 

18.C1 

1.42 

0.02 

0.07 

< 0.01 

oiool 

i 

Round 

B 

66.0 

14.1 

17.8 

1.70 


0.C5 


0.001 


Flat 

A ■ 

4,81 

14.88 

80.13 

0.02 

0.02 

0.09 

< 0.01 

0.001 

No. 4 ^ 

Flat 

B 

4.70 

15.4 

79.6 

0.14 


0.06 



Round 

A 

4.93 

14.60 

80.20 

0.14 

0.02 

0.085 

< 0.01 

o'.ooi 


Round 

B 

5.0 

14.6 

79.80 

0.30 


0.07 



( 

Flat 

A 

0.21 

8.88 

90.73 

0.04 

0.01 

0.04 

< 0.01 

0.001 

No. 5.... ] 

Flat 

B 


8.8 

90.6 

0.10 


0.04 



Round 

A 

0.06 

9.85 

89.90 

0,09 

0.02 

0.06 

< 0.01 

o'.ooi 

1 

Round 

B 


9.8 

89.8 

0.20 


0.05 




TABLE III.-CREEP DATA ON TIN-BASE DIE-CASTING ALLOY NO. 1. 
Nominal Composition, Per cent 

Tin 91,0 

Antimony 4.5 

Copper... 4. S''’* 



,0 

0.0 

^0 

0.0 

..0 

0.0 

^0 

0.0 

, 0 

0.0 

, 0 

0.0 

,0 1 

0.0 


0.0 

a 

0.10 

b 

0.05 

6 

0.20 

b 

0.10 

6 

O.lS 

b 

0.0 i 

b 

0.0 

b 

O.OS 

24 

0.85 

24 

0.55 

2C 

0.35 

20 

0.10 

72 

G.30 

72 

0.0 

916 ' 

0.15 

916 

O.OS 

76 

1.95 

76 

1.35 

72 

0.45 

72 

0.10 

1 245 

0.55 

1 245 

0.35 

2 088 

0.15 

2 088 

0.10 

101 

2.60 

101 

1.85 

528 

1.75 

528 

1.00 

2 016 

0.55 

2 016 

0.45 

5 784 

0.35 

5 784 

0.20 

168 

3.60 

168 

2.85 

1171 

8.6*" 

1248 

3,. 20 

2 712 

0.95 

2 712 

0.55 ; 

9 192 

0.35 

9192 1 

0,20 

195 ; 

4.10 

195 

3.20 



1440 

4. CO 

4 944 

1.35 

4 944 

1.40 

4:2 216 

0.60 

42 216 

0.60 

288 

6.7 

28S 

5.8 j 



1608 

4.60 

34 144 

12.7® 

29 932 

11.3® 

43 512 

0.70 

43 512 ' 

0.70 

384 

17.0'^ 

413 

15.6*= 



2040 

8.0 





48 053 ■ 

0,70, 

48 053 , 

0.70, 







2448| 

12.3 





49 609*^ 

0.70*^ 

49 609'^ 

0.70^ 







2616 

18.5® 










Round Specimens® 



0.0 

J 

0.0 


0.0 

AO 

0.0 

0 

0,0 i 

0 

0.0 

.0 

0.0 


0.0 

6 

O.OS 1 

b 

0.05 

b 

0,0 

b 

0.0 

984 

0.50 

984 i 

0.4C 

b 

0.0 

b 

0.0 

19 

91 

259 

435 

i 0.10 ; 
' 0.65 ' 
1 2.20 , 
10.5® I 

19 

91 

259, 

435 

■ ■] 

0.20 

0.80 

2.30 

12.5® 

139 

1157 

0.20 
11 . 0 ® 

139 

1891 

0.55 

12 . 0 ® 

14 760 

19.5® 

19 632 

15.0® 

, ■ ■ 

912 

1 368 

5 088 
42 384 

48 053, 

49 609'^ 

0.0 

0.0 

0.0 

0.80 

0.80^ 

1 . 00 '=^ 

912 

1368 

5 088 
42 384 

48 053^ 

49 609'^ 

0.0 

0.0 

0.0 

0.90 

1 . 10 , 

1 . 20 "^ 


® The copper content of the round tension bars was found to be only 2.3 per cent. 
® Denotes initial elongation upon application of load. 

® Denotes total elongation after fracture of test specimen. 

® No failure, test discontinued on April 17, 1946. 
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(6) Round Tension Specimens (copper content was found to be only 2.3 per cent). 


Fig. 1.— Creep of Tin-Base Die Casting Alloy No. 1.— 91 per cent Tin, 4.5 per cent Antimony, 

and 4.5 per cent Copper. 


STRESS, PSI. STRESS, PSI. 



TABLE IV.-CREEP BATA ON TIN-BASE BIE-CASTING ALLOY NO. 2. 
Nominal Composition, per cent 



Flat Specimens 



.0 

0.0 


0.0 


0.0 

7.^ 

0.0 


0.0 


0.0 


0.0 


0.0 


b 

0.0 

b 

0.0 

b 

0.10 

b 

0.10 

b 

0.10 

b 

0.10 

h 

0.0 


0.0 


24 

0.50 

24 

0.45 

20 

o.is 

20 

0.30 

72 

0.10 

72 

0.20 

5 784 

0.20 

5 784 

0.10 


76 

1.05 

76 

0.95 

72 

0,20 

72 

0.40 

1 245 

0.25 

1 245 

0.80 

42 216 

0.60 

42 216 

0.65 


101 

1.25 

101 

0.95 

528 

0.80 

528 

1.30 

2 016 

0.35 

2 016 

0.80 

43 512 

0.60 

43 512 

0.65 


168 

1.70 

168 

1.30 

1248 

1.30 

1248 

2.50 

2 712 

0.55 

2 712 

1.10 

48 053 , 

0.70, 

48 053 , 

0.65, 


288 

384 

504 

699 

2,75 
4. 00 
5.8 
12.0^ 

288 

3841 

504 

533 

2.10 

2.90 

4.70 

7.0® 

1440 

2040 

2448 

2712 

3096 

5016 

5784 

1.80 

2.40 

3.30 

3.30 

3.60 

7.1 

12.0® 

1440 

2040 

2448 

2712 

2760 

2.70 

4.60 

5.6 

7,4 

9.0® 

4 944 

41 596 

42 792 

47 133, 

48 689^ 

0.60 
3.25 
3. 65 
3.95, 
4.25'* 

4 944 

41 596 

42 732 

47 133, 

48 689^* 

1.15 

5.3 

5.6 

6.6, 

6.6^ 

49 609** 

0.70<^ 

49 6Q9^ 

O.dS'* 


Round Specimens® 




0.0 

,.0 

0.0 

,0 

0.0 

,0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 


0,0 


b 

0.20 

b 

0.05 i 

b 

0.0 

b 

0.0 

984 

0.55 

984 i 

0.10 

6 

0.0 

b 

0.0 


19 

0.30 

19 

0.15 

139 

0.40 

139 

0.30 

26 400 

23.0® 

35 986 

54.4® 

912 

0.0 

912 

0.0 


91 

0.50 

91 

0.3C 

1171 

2.35 

1171 

2.75 





5 088 

0.0 

5 088 

0.0 


259 

2.90 

259 

1.50 

2131 

8.2 

2131 

8.3 





42 384 

0.65 

42 384 

0.65 


504 

8.4 

504 

9.0 

2736 

18.1® 

2976 

32.0® 





48 053 , 

0.65^ 

48 053^ 

l.OS 


624 

19.0 

624 

13.3 









49 609^* 

0.75<^ 

49 609® 

1.15' 


650 

25.0® 

666 

16.5® 














® The copper content of the round tension bars was found to be only 2.9 per cent. 

^ Denotes initial elongation upon application of load. 

^ Denotes total elongation after fracture of test specimen. 

® No failure, test discontinued on April 17, 1946. 

TABLE V.~CREEP DATA ON TIN-BASE DIE-CASTING ALLOY NO. 3. 
Nominal Compcsition, per cent 
Tin, 65.0; antimony, 15.0; lead, 18.0; copper, 2.0 


Initial Stress, 
psi 

3000 

2000 

1000 

Specimen No. . , 

3-S 

3-6 

3-7 

3-8 

3-1 j 

3-2 

1 

Time, 

hr. 

Elonga- 
tion in 

2 in., j 
per cent 

Time, 

hr. 

Elonga- 
tion in 

2 in., 
per cent 

Time, 

hr. 

Elonga- 
tion in 
2 in., 
per cent 

Time, 

hr. 

Elonga- 
tion in 

2 in., 
per cent 

Time, 

hr. 

Elonga- 
tion in 

2 in., 
per cent 

Time, 

'hr. 

Elonga- 
tion in 

2 In., 
per cent 


Flat Specimens 


0 

0.0 i 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

|. 0.0 

a 

0.15 ; 

a 

0.10 i 

a . 

0.20 

a 

0.10 1 

a 

0.20 ! 

a 

I 0.0 

20 

0.15 

20 \ 

0.55 ! 

.72 

0.25 

72 

0.10 

916 

0.35' ! 

916 

0.05 

72 

1.40 1 

72 I 

1.7() i 

168 ! 

0.45 

168 

0.10 

2 088 

0.40 

2 088 

o.iS 

99 

2.15,^ ; 

99 

2.8S*» 

500 

0.75^ 

500 

0.60 

5 784 

0.65 ■ 

5 784 

0.35 

139 

S.SO*’ 



936 

2.50** 

936 

2*10, 

9 192 

2.50*' 

42 216 

1.25 







1158 

3.20*' : 



43 512 

1.55, 


' i 






1 

: , 1 


48 837 

1.60*'-® 


Round Specimens 


0 

0.0 

0 

0.0 

0 

0.0, 

0 

0.0 

0 

0.0 

0 

0.0 

a 

0.15 

a 

O.IO 

960 

9.0^ 

984 

2.50 

a 

0.0 

a 

0.0 

48 

2.45 

48 

3.20 



1080 

11.5*' 

912 

0.0 

5088 

0.15 

72 

3.70 

72 

6.5,^ 





1 368 : 

0.15 

22 584 

6.5*' 

127 

lOvO** 

86 

9.S*' 





5 088 

0.65 











^5 108 

9.0*’ 




® Denotes initial elongation upon application of load. 

® Denotes total elongation after fracture of test specimen.. 
Broi;e ontside of gage marks 


23^5 


ituN IN 't IN., PER CENT EL0N6AT10N IN 2 IN., PER CENT 



STRESS, PSf. 
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TABLE VI.— CREEP DATA ON LEAD-BASE DIE-CASTING ALLOY NO. i. 
Nominal Composition, per cent 

Tin 5.0 

Antimony... 15.0 

Lead... 80.0 


3000 

2000 

4-5 

4-6 

4-3 

4-4 










3 £ 


4.9 

c g 


3 <=* 


-3 ^ 


a 




G O 


G ^ 

U 

O 


■9 ^ 

u 

_0 M 

u 



% O* 

.p? 

rf a 

.jq 

d ft 

rG 


cT 

to - 

dT 

to - 

dT 

to •« 

oT 

to r 

a 

O.S 

B 

i.3 

3 


, s 

P! d 

^.S 

h 

W 

■ H 

pa 

H 

pa 

H 

pa 


Initial 
Stress, 
psi 


4000 


Specimen 
No 


4-7 


U 

XI 

tion in 2 
per cent 


dT 

S) r 


g 

|.s 


H 

pa 


4-8 


1000 


4-1 


B 


•-I (U 

P! ^ 
O M 

bo 

0.2 

u 


4-2 


.3 « 

d o 
O 

'23 

d a 

bfl - 

a A ^ 

^•5 

W 


Flat Specimens 



0 

0.0 

ol 

0.0 

0' 

0.0 

0 

0.0 

0 1 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 


a 

0.05 ■ 

a j 

0.0 

a 

0.10 

a 

0.05 

a 

0.0 


0.10 

a 

0.0 

a 

0.0 


24 

0.40 

24^ 

0.40 

20 

O.IS 

20 

0.15 

72 

0.30 

" 72 

0.10 

916 

0.0 

916 

0.05 


76 

0.70 

76| 

0.65 

72 

0.30 

72 

0.20 

1 245 

0.40 

1 245 

0.10 1 

5 784 

0.0 

S 784 

0.05 


101 

1.25 

101 

0.90 

528 

0.50 

528 

0.40 

2 016 

0.40 , 

2 016 : 

0.10 

42 216 

0.0 

42 216 

0.15 


168 

1.25 

168 

0.95 

1248 

0.50 

1 248 

0.45 

2 712 

0.50 

2 712 0.15 

43 516 

0.0 

43 512 

0.15 


288 

1.25 

288 

1.00 

2040 

0.60 

2 040 

0.55 

4 944 

0.50 

4 944 0.20 

48 053 

0.10 

48 053 

0.15 


384 

1.45 

384: 

1.45 

2712 

0.70 

2 712 

0.86 

41 596 

1.00 

41 596 !o.60 

49 609« 

0.10« 

49 609« 

0.15« 


504 

1.95, 

504' 


3096 

0.70 

3 096 

0.90 

42 796 

1.00 

42 792 ' 

0.60 i 






555 

3.70^' 

548; 

2.00^' « 

5016 

l.OS 

5 016 

1.05 

47 133 

1.00 

47 133 

0.60 










5886 

1.15,^ 

5 760 

2.00^^- c 1 

48 689* 

1.00"^; 

48 689«j 

0.60** 










7536 

3.50^ 




1 

1 








Round Specimens 



0 

0.0 

0 

0.0 i 

0 

0.0 

0 

0.0 

0 

0.0 

0 

‘o.o 

1. 





a 

0.10 

a 

0.25 

a 

0.05 

a 

0.15 

984 

0.15 

984 

0.0 

0 

0.0 

0 

0.0 


19 

0.20 

19; 

0.35 

103 

0.05 

103 

0.15 



1 824 

0.20 

912 

0,0 

912 

0.0 


91 

0.40 

91 

0.50 

139 

0.20 

139 

0.40 

35 760 

1.05 

35 762 

0.55 

1 368 

0.0 

1 368 

0.0 


259 

0.70 

259 

0.85,^ ■ 

1891 

0.60 

1 891 

0.70 

38 712 

l.OS 

! 38 712 

0.55 

3 216 

0.0 

3 216 

0.0 


504 

1.80 

504 

3.00®« ^ 

2131 

1.10, 

2 131 

0-95, 

43 253 

1.05 

i 43 253 

0.55 

5 088" 

0.0 

5 088 

0.25 


624 

2.00 



4252 

4.50^ 

12 960 

3.00^ 

44 809® 

1.25® 

44 809® 

0.55® 

42 384 

0.30 

42 384 

0.40 


710 

3. 50 











48 053 

0.30 

48 053 

0.40 


853 

5.0*^ 











49 609® 

0.50® 

1 49 609® 

0.40® 


“ Denotes initial elongation upon application of load. 

“ Denotes total elongation after fracture of test specimen. 
“ Broke outside of gage marks. 

“ Broke in gage mark, 

A No failure, test discontinued on April 17, 1946. 



ELONGATION iN E IN., PER CENT ELONGATfON IN 2 IN., PER CENT 


On Tin- and Lead-Base Die Castings 


m 


(a) Flat Tension Specimens. 

Note. — Specimen No. 2 broke outside of gage marks. 
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(5) Round Tension Specimens. 

-Creep of Tin-Base Die Casting Alloy Ho. 3 —65.0 per cent Tin, 15.0 per cent Antimon} 
18,0 per cent Lead, and 2.0 per cent Copper. 
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TABLE VII.-CREEP DATA ON LEAD-BASE DIE-CASTING ALLOY NO. 
Nominal Composition, per cent 


Antimony 
Lead 


10.0 

90.0 


5 . 


Initial 

Stress, psi.. . . 

3000 

2000 

1000 

Specimen 

No 


5-3 


5-4 

S-7 

5 

-8 

5" 

1 ■ ' 

'■ ■ 5- 

-2 


Time, 

hr. 

Elonga- 
tion 
in 2 in., 
per cent 

Time, 

hr. 

Elonga- 

tion 

in 2 in., 
per cent 

Time, 

hr. 

Elonga- 

tion 

in 2 in., 
per cent 

Time, 

hr. 

Elongai 
tion 
in 2 in., 
per cent 

Time, 

hr. 

Elonga- 
tion 
in 2 in., 
per cent 

Time, 

hr. 

Elonga- 
tion 
in 2 in., 
per cent 

Flat Specibtens 



20 

72 

168 

288 

360 

435 

0.0 

0.20 

1.00 

1.20 

2.00 

4.10 

4.30 

7.0*» 

0 

a 

20 

72 

168 

288 

360 

384 

0.0 

0,0 

0.40 

1.35 

2.10 

3.30 
4.40, 
4-60*'« « 

0 

a 

72 

936 

1245 

2016 

2712 

3384 

0,0 

0.10 

0.20 

0.50 

0.60 

1.30 

1.50, 

3.20** 

0 

a 

72 

936 

1245 

2016 

2712 

4536 

0.0 

0.05 

0.20 

0.60 

0.60 

0.85 

0.85 

0 

a 

916 

2 CSS 

5 784 

42 216 

43 512 

48 053 

49 609'’ 

0.0 

0.0 

O.OS 

0.05 

0.15 

0.15 

0.40 

0.40 

0.40« 

0 

916 

2 088 

5 784 

42 216 

43 512 

48 053 

49 609® 

0.0 

0.0 

0.15 

0.15 

0.25 

0.60 

0.60 

0.60 

0.60® 

Round Specimens 



0 

103 

0.0 

11.4^ 

0 

48 

72 

170 

0.0 

4.35 

6.0^ 

16.5* 

0 

984 

1344 

0.0 

4.35 

8.0* 

0 

984 

1176 

0.0 

i.iq 

8.0*' 

0 

3 216 

5 088 
22 128 

0,0 

0.0 

0,45 

a 

0 

3 216 

5 088 
26 328 

0.0 

0.0 

0.85 

6.5* 


® Denotes initial elongation upon application of load. 

^ Denotes total elongation after fracture of test specimen. 
® Broke outside of gage marks. 

^ Elongation at failure not recorded. 

* No failure, test discontinued on April 17, 1946. 


TABLE VIII.— SUMMARY OF STRESS-RUPTURE DATA ON LEAD-AND TIN-BASE DIE-CASTING ALLOYS. 


Alloy No. Shape 

Rupture Stress 

4000 psi. 

3000 psi. 

2000 psi. 

1000 psi. 

Time to 
Failure, 
hr. 

Elonga- 
tion in 

2 in. at 
Failure, 
per cent 

Time to 
Failure, 
hr. 

Elonga- 
tion in 

2 in. at 
Failure, 
per cent 

Time to 
Failure, 
hr. 

Elonga- 
tion in 

2 in. at 
Failure, 
per cent 

Time to 
Failure, 
hr. 

Elonga- 
tion in 

2 in. at 
Failure, 
per cent 

f Flat 

384 

17.0 

1 171 

8.6 

34 144 

12.7 

49 609® 

0.70® 

1 ...J Flat 

413 

15.6 

2 616 

18.5 

29 932 

11.3 

49 609® 

0.70® 

] Round 

435 

10.5 

1 157 

11.0 

14 760 

19,5 

49 609® 

i 1.00® 

[ Round 

435 

12.5 

1 891 

12,0 

19 632 

15.0 

49 609® 

1.20® 

f Fiat 

699 

12.0 

1 5 784 

12.0 

i 48 689® 

4.25® 

49 609® 

0.70® 

2....,.........] Flat ! 

533 

7.0 

2 760 

9.0 

48 689® 

6.60® 

49 609® 

0.65® 

1 Round 

650 

25.0 

2 736 

; 18.1 

26 400 

23.0 

49 609® 

0.75® 

1 Round 

666 

16.5 

2 976 

: 32.0 

35 986 

54.4 

49 609® 

1.15® 

{ Flat 



139 

3.80 

936 

2.50 

9 192 

2.50, 

Fiat 



99 

2.85 

1 158 

3.20 

48 837 

1.60* 

1 Round 



127 

■ 10.0 

960 

9.0 

25 108 

9.0 

1 Round 



86 

' 9.5 

1080 

11.5 

22 584 

6.5 

r Flat 

555 

3.70 

7 536 

3.50 

48 689® 

1.00® 

49 609® 

0.10® 

4.............:] Flat 

548 

2.00 

5 760 

2.00 

48 689® 

0.60® 

49 609® 

0.15® 

j Round 

853 

5.0 

4 252 

4.50 

44 809® 

1.25® 

49609® 

0.50® 

\ Round 

504 

3.0 

12 960 

3.00 

44 809® 

0.55® 

49 609® 

0.40® 

( Flat 



435 

7.0 . 

3 384 

3.20* 

49 609® 

0.40® 

5 Fiat 



384 

4.60* 

4 536 

>0.85® : 

49 609® 

0.60® 

Round 



103 

11.4 

1344 

8.0 , 

22 128 

>0.45® 

Round 



170 

16.5 

1176 

8.0* 

26 328 

6.5 


“ No failure, test discontinued on April 17, 1946. 
® Broke outside of gage marks, ' 

* Elongation at failure not. recorded. 



ELONGATION !N 2 IN., PER CENT ELONGATION IN 2 IN., PER CENT 



STRESS, PSI. 
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(a) Flat Tension Specimens 

jsf oTE.— Specimens Nos. 4 and 7 broke outside of gage marks. Elongation of failure not recorded for Specimen No. 8, 



P'lG. 5. — Creep of Lead-Base Die Casting Alloy No. S.— -10 per cent Antimony, 90.0 per cent Lead. 
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On Tin- and Lead-Base Dee Castings 


TABLE IX.-SUMMARY OF TENSION TESTS ON 
UNBROKEN CREEP SPECIMENS. 


! 

■ i 

1 

1 

■ Tensile ^ 

Elongation 

Alloy 1 

Sample i 

1 Strength, 

in 2 in.. 


i 1 

1 psi. 

per cent 


Flat Tension Specimens 


No. 1....... 1 

No. i 

8 500 

5.0 

No. 2 

8 800 , 

(9 640)^ 

14.5^ 

(15.9)^ 

f 

„ No. 1 ■ 

11 100 

2.S 


No. 2 

11400 

3.0 

No. 3 

10 900 

3.0 

[ 

,No. 4 

9 800 
(13 150) 

2.5 

(6.3) 

( 

No. i 

9 800 

6.0 

No, 4 — j 

No. 2 

8 800 

6.0 

No. 3 

8 500 

7.0 

' 

No. 4 

8 500 
(10 090) 

6.0 

(3.7) 

No. 5...... 1 

No. 1 

7 100 

8.5 

No. 2 

7 300 
(7 880) 

7.0 

(5.5) 


Round Tension Specimens 


No. 1 ..... 

No. 1 

9 000 

15.0 

No. 2 

8 600 

1 (10 310) 

20.0 

(22.9) 

No. 2 .... { 

No. 1 

10 500 

8.5 

No. 2 

11 100 
(13 470) 

12.5 

(13.2) 

f 

No. 1 

8 900 

a 

No. 4 1 

No. 2 

9 200 

5.0 

No. 3 

7 600 

1.5 

i 

No. 4 

9 300 
(10 720) 

15.0 

(6.1) 


“ Broke outside gage marks. Specimens Nos. 1 and 2 
were subjected to a creep stress of lOOO psi. for a period 
of S% yr., specimens Nos. 3 and 4 to a creep stress of 
2000 psi. for a period of yr. prior to making the 
tension tests. 

^ Values in parentheses are initial values. 


of these tests are given in Table IX.^ 
Comparison of these tension test data 
with the original tension data^ shown 
in the same table, indicates that the 
creep stress had but little effect on the 
tensile properties. 

From these creep studies, at the loads 
employed, it would appear that there is 
definite creep in all five of the alloys after 
approximately 50,000 hr. Stress-rup- 
ture occurred in the flat and round speci- 
mens of alloy No. 3 and the round 
specimens of alloy No. 5 in 9,000 to 
49,000 hr. Specimens of alloy No. 4 
showed the least creep during the test 
period while alloys Nos. 1 and 2 had ap- 
proximately the same extension at the 
conclusion of the tests. 

Respectfully submitted on behalf of 
the subcommittee, 

G. 0. Hiers, 
Chairman. 


DISCUSSION 


Mr, Hiers. — The Beil Telephone 
Laboratories have presented valuable 
creep data. The accompanying Table 
X, which may be used at an engineer's 
own risk compares four sets of values: 

1. Tensile strength data reported in 
1939 and averaged. 

2. One-year life values taken from the 
stress-rupture curves. 

3 and 4. 10 year and infinite life 
values estimated by extra-polation from 
the stress-rupture curves. 


TABLE X.— SHORT- AND LONG-TIME TENSILE 
STRENGTHS IN POUNDS PER SQUARE INCH. 


Alloy 

Initial 

i-yr. 

Life 

10-yr. 

Life 

i Infinite 

1 Life 

Flat 

Round 

Flat 

Round 

Flat 

Round 

- ! 
S \ 

fe' 'i 

Round 

No. 1 

9 640 

10 310 

[2300; 2 too 

1800 

1750 

1500 

1 1500 

No.2. ...... 

13 150 i 

13 470 

! 2600; 2400 

2000 

1750 

11 500 11200 

No. 3 

10 130 

11 800 

1250 1300 

800 

750 

! 500 

600 

No. 4 

10 090 

10 720 

2800I2800;2100 

2000 

1700;i700 

No. 5 

7 880 

7 890 

1 1700 j 1300 

j 900 

700 

1 600 

1 500 



REPORT OF SUBCOMMITTEE V ON EXPOSURE AND CORROSION TESTS 


■ This report covers the mechanical 
properties on: (i) the last of the alumi- 
num-base and the zinc-base specimens 
from the exposure tests started in 1929^ 
and (2) the first aging data on the mag- 
nesium-base and the zinc-base alloys from 
exposures started in 1939.^ 

Aluminum and Zinc-Base Alloys: 

When the 1929^ tests were started 
there were available 12 aluminum-base 
alloys made by five producers and 10 
zinc-base alloys made by two to six 
producers. Test specimens of these al- 
loys were exposed at six outdoor loca- 
tions: State College, Pa.; New York, 
N. Y.; Rochester, N. Y.;^ Altoona, 
Pa.; Sandy Hook, N. J.; and Key West, 
Fla. and four indoor locations: Coco Solo 
Islands, Canal Zone; New Kensington, 
Pa.; Hanover, N. Mex.;^ and Cambridge, 
Mass. 

The original plans for the lengths of 
the test periods were changed as the ex- 
posures progressed. The aluminum- 
base alloys were recalled from the ex- 
posure locations and tested for their 
mechanical properties after 1, 5, and 15 
yr. and the zinc-base alloys after 1,^ 5, 
and 10 yr. except for alloy No. XXI 
which was only measured to determine 
its dimensional change after the 10-yr. 
period and then reexposed for an addi- 
tional 5 yr. before testing its mechanical 
properties. Data on the mechanical 
properties of the aluminum-base and 
zinc-base alloy specimens after 15-yr. 

1 Proceedings, Am. Soc. Testing Mats., Vol. 29, p. 192 
(1929). 

8 Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 280 
(1939). 

8 Most of the specimens at this location were missing 
when it was time to recall them for mechanical testing. 

4 Alloy No. XXI was the only ainc-base alloy exposed 
longer than 10 yr. The specimens of this alloy, which 
were exposed at Hanover, N, Mex, for 10 yr., had an 
additional exposure of 5 yr. at Tucson, Aria. 

6 No specimens for the l-yr. test were exposed at 
State College, Pa. 


atmospheric exposures are shown in 
Tables I and II. 

Magnesium and Zinc-Base Alloys: 

The exposure tests started in ' 1939^ 
were necessary to evaluate the merits of 
the newly introduced magnesium-base 
alloys and to serve the same purpose for 
the currently used zinc-base alloys since 
all of the zinc alloys from the 1929 tests 
have long since become obsolete. Test 
bars of four magnesium-base alloys, made 
by three producers, and three zinc-base 
alloys made by four to six producers, 
were prepared and exposed at the same 
sites used during the 1929 tests except 
that Tucson, Ariz., was substituted for 
Hanover, N. Mex. Again, the com- 
mittee had an unfortunate experience at 
the Rochester location, only this time 
it was worse in that all of the specimens 
disappeared before any of the tests were 
completed. 

The exposure periods have been 
planned for 5, 10, and an indefinite num- 
ber of years. The mechanical property 
data for the magnesium-base and zinc- 
base alloy specimens after exposure for 
5 yr. are given in Tables III and IV. 

For more complete information on 
these two series of exposure programs, 
reference should be made to all of the 
committee’s reports from 1928 to the 
present time. Since Committee B-6 was 
not organized until June, 1930, its earlier 
work is reported as that of Subcommittee 
XV on Die-Cast Metals and Alloys 
of Committee 'B-2 on Non-Ferrous' 
Metals and Alloys. 

Respectfully submitted on behalf of 
the subcommittee, 

W. M. Peirce, 
Chairman. 
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TABLE I.-MEGHANICAL PROPERTY BATA ON .ALUMINUM-BASE BIE-CASTIKG ALLOY. SPECIMENS 
AFTER 15-YEAR ATMOSPHERIC EXPOSURE. ■ 


Alloy 

. Exposure® 4 

Tensile 
Strength, ' 

Charpy Im- 
pact Strength, 

Elonga- 
tion in 

^Brinel! 


Type , 

Location 

psi. 

14 -in. Bars)^ 

per cent 


No. I C 

Outdoors 

Key West, Fla........ 

29 300 

4 

3 ■ 

54 



Sandy Hook, N. J ' — ' 

31 800 

' 4 

4 

66 (R) 



New York, N. Y 

29 500 

4 

,4 . ■ ■ 

70 (R) . ■ 



Altoona, Pa ... 

29 600 

4 

,, 4 

64 CR) ' 



State College, Pa 

6 

3 

b 

52 


Indoors 

Coco Solo Islands, C. Z 

34 m 

4 

4 . . 

;c 



Nev? Kensington, Pa 

31 200 

4 

4 

66 (E) 



Cambridge, Mass 

31 100 

4 . 

3 

c 



Hanover, N. Mex 

31 700 

5 

S 

c , 

No.T D 

Outdoors 

Key West, Fla... 

25 800 

5 

3 

^ 57 " y'...' 



Sandy Hook, N. J.... 

28 500 

S' 

4 

66 (R) ■ 



New York, N. Y 

28 .^00 

5 

4 

, 71 (R) 



Altoona, Pa 

24 500 

5 

3 

69, CR) ■ 



State College, Pa 

28 800 

5 

4 

54 ,, 


Indoors 

Coco Solo Island.?, C. Z 

32 500 

6 

3 

c 


# 

New Kensington, Pa — 

29 600 

6 

4 

72 CR), 



Cambridge, Mass 

27 600 

7 

3 , 

e 



Hanover, N. Mex 

27 700 

6 

■■ 4 ' 

c 

No. I G 

Outdoors 

Key West, Fla 

32 400 

3 

2 

63 


1 

Sandy Hook, N, J 

31 100 

4 

2 

67 (R) 



New York, N. Y 

30 700 

3 

3 ■ 

74 (R) 



Altoona, Pa i 

29 700 

4 

2 

67 (R) 



State College, Pa.. 

32 000 

4 

3 

57 


Indoors 

Coco Solo Islands, C. Z. 

39 600 

6 

4 

c 



New Kensington, Pa 

32 100 

3 

3 

75 (R) 



Cambridge, Mass 

33 000 

4 

3 

c 



Hanover, N, Mex 

31 300 

5 

4 . 

c 

No. I S 

Outdoors 

Key West, Fla 

34 800 

5 

3 

67 



Sandy Hook, N. J 

34 000 

6 

3 

79 (R) 



New York, N. Y 

33 000 ^ 

5 

4 

76 (R) 



Altoona, Pa 

33 800 

5 

4 

75 (R) 



State College, Pa 

34 200 

6 

4 

62 


Indoors 

Coco Solo Islands, C. Z 

6 

6 

b 

c 



New Kensington, Pa 

37 200 

6 

S 

1 80 (R) 



Cambridge, Mass 

37 800 

7 

4 

! c 



Hanover, N . Mex 

35 600 

7 

5 

e 

No. I W 

Outdoors 

Key West, Fla 

32 800 

5 

4 

67 



Sandy Hook, N. J 

3.3 300 

5 

3 

73 (R) 



New York, N. Y 

32 300 

4 

4 ! 

71 (R) 



Altoona, Pa 

32 200 

5 

4 

75 (R) 



State College, Pa 

35 400 

5 

4 

60 


Indoors 

Coco Solo Islands, C. Z 

36 100 

5 

3 

c 



New Kensington, Pa 

32 900 

6 

4 

77 (R) 



Cambridge, Mass 

35 300 

S 

3 

C 



Hanover, N. Mex 

33 500 

6 

4 

C 

No. II C 

Indoors 

Coco Solo Islands, C, Z 

40 700 

3 

2 

c 



New Kensington, Pa 

38 800 

3 

3 

85 (R) 



Cambridge, Mass 

38 900 

3 

2 

c 



Hanover, N. Mex,... 

37 300 

3 

2 


No, II D 

Indoors 

Coco Solo Islands, C. Z 

37 100 

2 

1 

C 



New Kensington, Pa.. 

35 300 

2 

1 

93 (R) 



Cambridge, Mass 

35 000 

2 

t 

c 



Hanover, N. Mex 

36 000 

2 

1 

C 

No. II G 

Indoors 

Coco Solo Islands, C. Z 

39 600 

3 

1 

c 



New Kensington, Pa 

38 too 

3 

1 

91 (R) 



Cambridge, Mass - . . . 

39 500 

3 

2 




Hanover, N. Mex.. 

37 700 

4 

2 



« All specimens exposed at Rochester, N. Y„ were missing. All Hanover, N. Mex., specimens were exposed for their 
iast, five years at Tucson^ Ariz. , . 

® Specimens were missing at the exposure location. 

No hardness tests were made. i 

(R)— Rockwell hardness, E Scale (K*m* ^alI,J00-kg. load). 
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TABLE J.— MECHANICAL PROPEETY BATA ON ALUMINUM-BASE BIE-CASTIN.G . ALLOW SPECIMENS 
: AFTER iS-YEAE ATMOSPHERIC EXPOSURE.-CfJMfce^. 


■ : Alloy 

Pro- 

ducer 

Exposure® 

Tensile 

Strength, 

psi. 

C harpy Im- 
pact Strength, 
ft. -lb. (U by 
I'l-in. Bars) 

Elonga- 
tion in 
2ln„ ' 
per cent 

Brinell 

Hardness 

., Type.' 

Tjocation 

No. 11 

S 

Indoors 

Coco Solo Islands, C. Z 

41 700 

2 

1 

c 




New Kensington, Pa 

40 500 

2 

1 

95 (R) 




Cambridge, Mass..,. 

40 300 

2 

1 

c 




Hanover, N. Mex 

39 900 

3 

2 

e 

No. II 

■ .w 

Indoors 

Coco Solo Islands, C. Z 

45 100 

2 

1 

c 




New Kensington, Pa 

38 800 

2 

1 

95 (R) 




Cambridge, Mass 

39 000 • 

2 

1 

c 




Hanover, N . Mex 

39 SOO 

2 

1 

c 

No. Til 

c 

Indoors 

Coco Solo Islands, C. Z 

43 600 

1 

1 

c 




New Kensington, Pa 

41400 

1 

1 

94 (R) 




Cambridge, Mass 

43 100 

1 

1 





Hanover, N. Mex 

. 40 400 

2 

2 

c 

..No. Ill 

B 

Indoors 

Coco Solo Islands, C. Z. 

42 100 

1 

1 

c 

New Kensington, Pa 

40 400 

1 

1 

102 (R) 




Cambridge, Mass 

40 700 

1 

0 

c 




Hanover, N. Mex 

38 SOO . 

1 

1 

c 

No. in 

G 

' Indoors 

Coco Solo Islands, C. Z 

40 200 

1 

1 

c 




New Kensington, Pa 

40 900 

, 1 

1 

98 (R) 




Cambridge, Mass 

39 500 

1 

1 

c 




Hanover, N. Mex . 

38 500 

2 

1 

c 

No. Ill 

S 

Indoors 

Coco Solo Islands, C. Z 

44 200 

1 

1 

c 




; New Kensington, Pa 

i 41600 

2 

1 

100 (R) 




Cambridge, Mass 

! 43 700 

1 

1 

c 




Hanover, N. Mex 

1 41900 

2 

1 

c 

No. Ill 

w 

Indoors 

Coco Solo Islands, C. Z 

! 43 700 

1 

1 

c 




New Kensington, Pa 

43 000 

1 

0 

103 (R) 




Cambridge, Mass 

43 800 

1 

1 

c 




Hanover, N. Mex 

39 200 

1 

1 

c 

No, IV 

" C i 

Outdoors 

Key West, Fla 

30 600 

4 

4 

53 




Sandy Hook, N. J 

30 800 

4 

3 

63 (R) 


1 


New York, N. 

30 400 

4 

4 ' 

67 (R) 




Altoona, Pa.. 

29 400 

4 

4 

60 (R) 




State College, Pa 

31 900 

4 

3 

52 



Indoors 

Coco Solo Islands, C. Z 

33 000 

3 

4 

c 




New Kensington, Pa.. . — ... 

31 500 

4 

4 

59 (R) 




Cambridge, Mass — 

32 500 

5 

4 

c 




Hanover, N. Mex 

31 800 

5 

' 5 

c 

No. IV 

D 

Outdoors 

Key West, Fla 

25 400 

4 

3 

54 




Sandy Hook, N .J. 

26 200 

3 

3 

61 (R) 




New York, N. Y 

26 100 

3 

2 

67 (R) 




Altoona, Pa 

24 300 

3 

2 

61 (R) 




State College, Pa 

27 300 

3 

2 

49 



Indoors 

Coco Solo Islands, C. Z 

27 400 

4 

2 

c 




New Kensington, Pa 

25 500 

4 

2 

66 (R) 




Cambridge, Mass 

26 700 

4 

3 

c 




Hanover, N. Mex 

26 100 

4 

3 

c 

No. IV 

G 

Outdoors 

Key West, Fla 

30 800 

5 

4 

56 




Sandy Hook, N. J. 

30 000 

S 

3 

6S (R) 




New York, N. Y.. 

29 100 

4 

3 

69 (R) 




Altoona, Pa. 

29 200 

4 

,4 

63 (R) 




State College, Pa 

30 400 

4 

3 

52 



Indoors 

Coco Solo Islands, C. Z 

31 100 

S 

3 

c 




New Kensington, Pa 

30 300 

5 

4 

68 (R) 




Cambridge, Mass 

31 100 

5 

3 : ' 

c 




Hanover, N. Mex., 

30 000 

5 

4 

: . c 

No, IV,- ■' 

S' 

Outdoors 

Key West, Fla 

29 300 

5 

4 

59 




Sandy Hook, N. J.. 

29 500 

5 

.4 

69 (R) 




New York, N. Y ....... 

28 000 

4 

3 ■ 

82 (R) 




Altoona, Pa.. ... 

29 800 

4 

4 

67 (R) 




State College, Pa. ... 

32 100 

5 

4 

... So 


® All specimens exposed at EocFesCer, N. Y., were missing. All Hanover, N. Mex., specimens were exposed for tlieir 
last five years at Tucson, Ariz. 

No hardness tests were made. 

(R) — Rockwell haardness, E Scale 100-kg, load). 
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table ,I.-MECHANICAL property data on ALUMmUM-BASE' DIE-CASTING .ALLOY SPECIMENS 
AFTER IS-YEAR. ATMOSPHERIC ■EXPOSURE.~Co«j‘i««e<^. 


Alloy 

Pro- 

ducer 

Exposure® 

Tensile 

Strength, 

psi. 

Cliarpy Im- 
pact Strength, 
ft-lb. (H by 
?<t-in. Bars) 

Elonga- 
tion in 
.. 2 in., 
per cent 

Brineli . 
Hardness 

Type, 

Location 



Indoors 

Coco Solo Islands, C. Z, 

32 500 

6 

..■■■'3'' 

c ' , ■ 




New Kensington, Pa. 

31 900 

6 

■■ 4 ■■ 

64 (R) 




Cambridge, Mass.. 

31 000 

6 

3 

c 




Hanover, N. Mex. 

29 600 

6 

4' , 

c. . 

No. IV 

W 

Outdoors 

Key West, Fla 

32 300 

2 

2 

76 . 




Sandy Hook, N. T 

30 300 

1 

1 

87 (R) 




New York, N. Y ■ 

31 300 

2 

2 

75 (R>. 




Altoona, Pa 

32 200 

■ 2 

1 

82 (R) . 




State College, Pa.. 

34 400 

■ 2' 

1 

70 . , . 



Indoors 

Coco Solo Islands, C. Z., 

32 900 

2 

1 

e 




New Kensington, Pa 

32 700 

2 

1 

83 CR) 




Cambridge, Mass 

31 200 

2 

1 

c 




Hanover, N. Mex 

31 400 

■ 2 

2 

C 

~ No. V 

c 

Outdoors 

Key West, Fla 

34 200 

2 

1 

78 , „ 




Sandy Hook, N. J 

32 300 

1 

1 

80 (R) 




New York, N. Y 

29 300 

1 

1. 

86 (R) 




Altoona, Pa 

31 700 

1 

2 

81 (R) 




State College, Pa ... . , 

33 400 

1 

2 

76 



Indoors 

Coco Solo Islands, C. Z, ..... . 

34 400 

2 

. 1 

c ■ , ■ 




New Kensington, Pa .......... . 

34 600 

1 

2 

79 (R) 




Cambridge, Alass. ......... 

33 900 

2 

1 





Hanover, N. Mex. 

32 800 

2 ' 

2 


No. V 

I) 

Outdoors 

Key West, Fla 

26 400 

1 

1 

76 




Sandy Hook, N. J 

25 600 

1 

1 

76 (R) 




New York, N. Y 

26 300 

1 

1 

85 (R) 




Altoona, Fa., . 

24 600 

1 

2 

80 (R) 




State College, Pa ... 

26 300 

1 

i 

74 



Indoors 

Coco Solo Islands, C. Z 

27 600 

2 

1 

c 




New Kensington, Pa 

27 700 

1 

1 

83 (R) 




Cambridge, Mass 

25 400 

2 

1 

C 




Hanover, N. Mex. .; 

26 200 

1 2 

1 

1 ■ c 

No. V 

G 

Outdoors 

Kev West, Fla 

27 000 

2 

1 

69 




Sandy Hook, N. J 

26 100 

1 

1 1 

79 (R) 




New York, N. Y 

24 900 

1 

i 

81 (R) 




Altoona, Pa 

24 600 ^ 

1 

2 1 

80 (R) 




State College, Pa 

27 700 

1 

1 . ’ 

60 



Indoors 

Coco Solo Islands, C. Z., ..... . 

29 700 

2 i 

1 

c 




New Kensington, Pa . . 

30 400 

1 

2 

81 (R) 




Cambridge, Mass ; 

30 300 

' 2 

1 

c 




Hanover, N. Mex 

27 600 

1 

2 

c 

No. V 

S 

Outdoors 

Key West, Fla 

35 200 

3 

2 

79 



Sandy Hook, N. J 

33 900 

2 

1 

76 (R) 




New York, N. Y 

35 600 

2 

2 

92 (R) 




Altoona, Pa 

33 900 

2 

2 

80 (R) 




State College, Pa 

37 300 

2 

2 

64 



Indoors 

Coco Solo Islands, C. Z 

36 800 

b 

2 

b 



New Kensington, Pa 

36 400 

3 

2 

82 (R) 




Cambridge, Mass... 

36 800 

4 

2 

c 




N Mpy. . . . . . 

36 600 

3 

2 

€ 

No. V 

w 

Outdoors 

Key West, Fla 

30 300 

1 

1 

80 

Sandy Hook, N. J 

28 600 

1 

0 

83 (R) 




New York, N. Y.. 

29 500 

1 

1 i 

82 (R) 




Altoona, Pa 

27 800 

1 

1 

87 (R) 




State College, Pa, 

31500 

1 

1 

, S3 



Indoors 

Coco Solo Islands, C. Z 

30 000 

1 

1 

c : : 




New Kensington, Pa . 

28 200 

1 

1 

92 (R) 




Cambridge, Mass 

. 30 700 

1 

1 

■ c . ■ 



Hanover, N. Mex . — 

26 100 

1 

1 



/Tull — 

last five years at Tucson, Ariz. , . 

" Specimens were missing at the exposure location. 

No hardness tests were made. ^ 

(R)— Rockwell hardness, E Scale (H-m. ball, lOO-kg. load). 
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TABLE 'I.-MECHANICAL PROPERTY DATA' ON ALUMINUM-BASE DIE^GASTING ALLOY ' SPECIMENS 
AFTERTS-YEAR ATMOSPHERIC EXPOSURE.— 


, ; Alloy. . 

Pro- 

ducer; 

Exposure® 

Tensile 

Strength, 

psi. 

Charpy Im- 
pact Strength, 
it-Ib. (M by 
}i-m. Bars) 

Elonga- 
tion in 

2 in., 
per cent 

Brinell 

Hardness 

Type 

Location 

No. VI 

C . 

Indoors 

Coco Sclo Islands, C. Z 

31 900 

3 

3 

c 




New Kensington, Pa 

34 000 

3 

4 

74 (R) 




Cambridge, Mass 

31 800 

4 

3 





Hanover, N. Mex.. 

32 600 

4 

'4 


No. VI 

D 

Indoors 

Coco Solo Islands, C. Z 

28 300 

4 

2 

c 




New Kensington, Pa 

30 200 

4 

3. 

69 (R) 




Cambridge, Mass 

29 800 

4 

3 

c 




Hanover, N. Mex. 

26 800 

5 

3 


'■ .No.'VI 

G 

Indoors 

Coco Solo Islands, C. Z 

33 200 

S 

3 

c 




New Kensington, Pa — 

33 500 

4 

4 

73 (R) 




Cambridge, Mass 

32 900 

5 

■ 4 





Hanover, N. Mex 

32 900 

4 

4 

c 

No VI 

i S 

■ Indoors 

Coco Solo Islands, C. Z 

33 900 

7 

3 

, c ; 




New Kensington, Pa 

33 200 

5 

4 

74 (R) 




Cambridge, Mass 

34 700 

6 

4 

1 c 




Hanover, N. Mex 

33 400 

6 

4 

}■ e 

No. VI 

■w 

Indoors 

Coco Solo Islands, C. Z 

32 800 

2 

1 

c 




New Kensington, Pa 

34 500 

2 

2 

85 (R) 




Cambridge, Mass 

34 000 

2 

2 

c 




Hanover, N. Mex 

34 400 ' 

2 

2 

c 

No. VII 

i c 

Outdoors 

Key West, Fla 

34 700 

3 

2 

72 


i 


Sandy Hook, N. J 

36 800 

2 

2 

76 (R) 




New York, N. Y 

36 700 

2 

^ 3 i 

78 (R) 




Altoona, Pa 

34 800 

2 

3 

79 (R) 

i 



State College, Pa i 

39 100 

2 

3 j 

68 



Indoors 

1 Coco Solo Islands, C. Z 

38 500 

3 

3' 

c 




■ New Kensington, Pa 

37 200 

2 

3 

79 (R) 




Cambridge, Mass 

38 800 

3 

3 

c 




Hanover, N. Mex 

37 800 

3 

3 

c 

No. vn 

D 

Outdoors 

Kev West, Fla 

29 800 

1 

1 

72 




Sandv Hook, N. J 

28 200 

1 

0 

84 (R) 




New York, N.Y 

29 800 

1 

1 

78 (R) 




Altoona, Pa 

29 000 

1 

1 

88 (R) 




State College, Pa 

31 000 

1 

1 

80 



Indoors 

Coco Solo Islands, C. Z 

28 400 

2 

0 

c 




New Kensington, Pa 

30 700 

2 

1 

88 (R) 




Cambridge, Mass — 

29 100 

2 

1 

c 




Hanover, N. Mex. 

28 800 

2 

1 

c 

; .'No. VII 

G 

Outdoors 

Key West, Fla.. 

30 200 

"7 

2 

76 




Sandy Hook, N. J 

31 100 

2 

1 

81 (R) 




New York, N. Y 

30 900 

2 

1 

81 (R) 




Altoona, Pa.. 

30 500 

1 

1 

85 (R) 




State College, Pa 

32 700 

1 

2 

69 



Indoors 

Coco Solo Islands, C. 2.... . . . , 

32 800 

2 

1 

c 




New Kensington, Pa 

32 200 

2 

2 

84 (R) 




Cambridge, Mass 

32 700 

3 

1 

c 




Hanover, N. Mex. 

33 800 

3 

2 

c 

;no. vii 

S 

Outdoors 

Key West, Fla 

35 600 

1 

1 

84 




Sandv Hook, N. J.. 

36 400 

1 

1 

88 (R) 




New York, N. Y 

35 700 

1 

1 

90 (R) 




Altoona, Pa.. 

34 700 

1 

2 

91 (R) 




State College, Pa...... 

36 900 

2 

t 

87 



Indoors 

Coco Solo Islands, C. Z 

36 600 

b 

1. 

b 




New Kensington, Pa . . 

37 200 

2 

2 

91 m 




Cambridge, Mass 

37 900 

2 

1 

c 




Hanover, N . Mex.. ........ 

36 200 

2 

1 

e 


^ Ail specimens exposed at Rochester, N . Y., were missing. All Hanover, N. Mex., specimens were exposed for their 
last five years at Tucson, Ariz. 

° Specimens were missing at the exposure location. 

No hardness tests were made, ‘ ^ 

(R)— Rockwell hardness, E Scale (^-in. ball, 100-kg, load). 
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TABLE I,-MECHANICA1L PROPERTY BATA. ON ALUMINtJM-BASE BIE-CASTING' ALLOY SPECIMENS 
„ AFTER IS-YEAR ATMOSPHERIC- EXPOSURE 


Alloy 

Pro- 

ducer 

Exposure® 

Tensile 

Strength, 

psi. 

Charpy Im- 
part Strength, 
ft-lb. m by 
M-Bars’i 

Elong- 
tion in 

2 in., 
per cent 

Brineli 

Hardness 

Type 

Location 

No, VII 

W 

Outdoors 

Key West, Fla 

32 800 

1 

'■ i- 

91. ■ , 




Sandy Hook, N. J.... 

30 400 

1 . 

0 

91 (R) 




New York, N. Y 

33 400 

1 

1 

,91 (R) 




Altoona, Pa ...... 

33 600 

1 

1 ■ 

92,CR)- 




State College, Pa 

32 300 

1 

1 

92 



Indoors 

Coco Solo Islands, C. Z 

35 300 

1 

I 





New Kensington, Pa 

35 500 

i 

1 

94 (R) , , 




Cambridge, Mass 

34 300 

, 1 

1 . 

c 




Hanover. N. Me.x 

33 800 

1 

1. . 

: C 

No. VIII 

C 

Outdoors 

Key West, Fla.. 

32 900 

4 

6 

49'C ■ 




Sandy Hook, N. J 

31 .100 

3 

4 

58 (R) 




New York, N. Y 

31 800 

4 

7 

■ 61, fR) , 




Altoona, Pa 

32 000 

3 

6 

61 f'R) 




State College, Pa.. 

33 100 

4 

6 

■ 46 . ■ 



Indoors 

Coco Solo Islands, C. Z. 

34 600 

4 

6 

. ,. e 




New Kensington, Pa 

33 .500 

4 

6 

SS (R) 




Cambridge, Mass.... 

32 100 

5 

■5 

c , 




Hanover, N. Me.x .... 

33 500 

5 

7 

c 

No. VIII 

1 D 

Outdoors 

Key West, Fla 

28 500 

3 

3 

58 ' 




Sandy Hook, N. J 

25 900 

3 

2 

67 fR) 




New York, N. Y 

28 300 

2' 

3' 

70 (R) 




Altoona, Pa 

23 500 

3 

2 

67 (R) 




State College, Pa 

26 900 

2 

2 

56 



Indoors 

Coco Solo Islands, C. Z 

28 400 

3 

2 





New Kensington, Pa 

27 800 

3 

2 

72 CR) 




Cambridge, Mass 

28 500 

3 

2 

c 


1 


Hanover, N. Mex 

27 100 

4 

3 

e 

No. VIII 

G 

Outdoors 

Key West, Fla... 

29 600 

4 

4 

58 




Sandy Hook, N. J 

28 500 

4 

3 

64 (R) 



1 

New York, N. Y 

28 600 

4 

4 

63 (R) 




Altoona, Pa. 

28 too 

3 

j 4 

67 (R) 




State College, Pa 

29 400 

3 

3 

51 



Indoors 

Coco Solo Islands, C. Z 

27 500 

4 

3 

G 




New Kensington, Pa 

28 800 

4 

3 

64 (R) 




Cambridge, Mass 

28 300 

5 

3 

c 




Hanover, N. Mex 

28 200 

5 

4 

■ e 

No. VIII 

S 

Outdoors 

Key West, Fla 

35 ion 

5 

5 

61 




Sandy Hook, N. J 

34 500 

4 

4 

71 (R) 




New York, N. Y 

34 200 

4 

S 

70 (R) 




Altoona, Pa 

33 700 

4 

S 

71 (R) 




State College, Pa 

35 300 

5 

s 

56 



Indoors 

Coco Solo Islands, C. Z 

36 800 

4 

s 

c 




New Kensington, Pa 

35 500 

4 

s 

72 (R) 




Cambridge, Ma.ss 

37 100 

5 

6 

c 




Hanover, N. Mex 

34 900 

5 

5 

c 

No. VIII 

w 

Outdoors 

Key West, Fla 

30 600 

6 

5 

49 , " 




Sandy Hook. N. J 

31 500 

5 

4 

62 (R) 




New York, N. Y* 

28 100 

5 

4 

60 (R) 




Altoona, Pa 

26 100 

S 

4 

6.1, (R) , 




State College, Pa 

27 900 

4 

4 

49, 



Indoors 

Coco Solo Island.?, C. Z 

32 300 

6 

6 





New Kensington, Pa 

31 800 

6 

S 

64 (R) 




Cambridge, Mass 

31 700 

6 

5 





Hanover, N. Mex 

31 OCO 

7 

6 

■ ■ ■ ■ 

,^No. IX 

c 

Outdoors 

Key West, Fla 

38 100 

1 

■■ 2.. ■■ 

90 




Sandy Hook, N. J 

36 400 

1 

1 

92 (R) 




New York, N. Y 

37 100 

1 

1 

94 (R) 




Altoona, Pa 

34 700 

1 ' ' 

1 

94 (R) 




State College, Pa 

38 700 

1 

1 

89 


« All specimens exposed at Rochester, N. Y were missing, 
last five years' at Tucson, Ariz. 

No .hardness, tests :were"iT.ade. ^ i » jn 

(R)— Rockwell hardness, E Scale ball, iOO-kg, load). 


All Hanover, N. Mex., specimens we,re exposed for their 




TABLE I.-MECHANI€AL PRdPERTy DATA ON ALUMINUM-BASE DIE-CASTING ALLOY SPECIMENS 
.. AFTER: IS- YEAR ATMOSPHERIC EXPOSURE.— Co'Wfeei. ,, ,, 


Alloy 


Exposure® 

Tensile 

Strength, 

Charpy Im- 
pact Strength, 

Elcmga- 
tioii in 

^Brinell 

diicer 

Type 

Location 

psi. 

Bars'! 

per cent 

Hardness 


Indoors 

Coco Solo Islands, C. Z 

39 900 

■' '1 . 

1 , 

c . 



New Kensington, Pa. 

38 500 

1 

1 

92 (R) 



Cambridge, Mass — 

35 000 

2 

1 




Hanover, N. Mex 

37 500 

1 

1 

c 

, No, IX D 

Outdoors 

Key West, Fla.. 

1 27 600 

1 

1 

76 



Sandy Hook, N. J 

i 28 000 

1 

1 

81 (R) 



New York, N. Y 

27 500 

1 

1 ■ 

82 (R) 



Altoona, Pa.. — 

25 500 

1 

1 

82 (R) 



State College, Pa.. 

28 800 

1 

1 

69 


Indoors 

Coco Solo Islands, C. Z.... . . . 

1 28 900 

2 

■ 1 ■ ■' 

c 



New Kensington, Pa 

28 800 

i ' 1 

1 ' 

81 (R) 



Cambridge, Mass.. 

30 400 

2 

i 1 ■ 

<5 



Hanover, N. Mex 

27 200 

2 

1 

C 

No. IX G 

Outdoors 

Key West, Fla 

33 700 

1 

2 

77 



Sandy Hook, N. J.... 

32 300 

2 

1 

i 85 (R) 



New York, N. Y 

32 600 

1 

2 

86 (R) 



Altoona, Pa 

32, 100 

1 

2 

85 (R) 



State College, Pa... 

33 400 

1 

1 2 

71 


Indoors 

Coco Solo Islands, C. Z 

35 000 

2 

1 




New Kensington, Pa — 

35 300 

2 

. 2 

88 (R) 



Cambridge, Mass 

34 200 

2 

1 2 

c 



Hanover, N. Mex 

35 000 

2 

2 

c 

No. IX S 

Outdoors 

Key West, Fla 

38 000 

2 

2 

74 



Sandy Hook, N. J 

37 500 

2 

■ 1 

86 (R) 



New York, N. Y 

37 100 

2 

1 2 

87 (R) 



! Altoona, Pa 

36 200 

1 

2 

^ . 87 (R) 



i State College, Pa 

39 100 

2 

2 

74 


Indoors 

Coco Solo Islands, C. Z 

41 300 

2 

2 

c 



New Kensington, Pa. 

38 800 

2 

2 

89 (R) 



Cambridge, Mass 

40 300 

2 

2 

c 



Hanover, N. Mex 

38 300 

2 

2 

c 

No. IX W 

Outdoors 

Key West, Fla 

38 800 

1 

2 

92 



Sandy Hook, N. J 

39 000 

1 

1 

93 fR) 



New York, xN. Y 

39 300 

1 

1 

94 (R) 



Altoona, Pa 

36 900 

1 

1 

93 (R) 



State College, Pa. 

39 500 

1 

' 2 

93 


Indoors 

Coco Solo Islands, C. Z 

40 800 

2 

1 




New Kensington, Pa 

40 100 

2 

2 

95 (R) 



Cambridge, Mass 

40 600 

2 

2 

e ■ 



Hanover, N . Mex 

39 800 

2 

2 

c 

No. X C 

Outdoors 

Key West, Fla 

34 000 

3 

3 

63 



Sandy Hook, N, J 

32 400 

2 

2 

73 (R) 



New York, N . Y ; 

34 000 

2 

3 

71 (R) 



Altoona, Pa,. . 

33 500 

3 

3 

75 (R) 



State College, Pa 

34 600 

2 

3 

55 


Indoors 

Coco Solo Islands, C. Z... 

35 600 

3 

2 

c 



New Kensington, Pa 

32 900 

3 

' 2 

71 (R) 



Cambridge, Mass 

33 800 

3 

■ 2 

c 



Hanover, N. Mex 

33 400 

3 

3 

: c 

No.X D 

Outdoors 

Key West, Fla., .... 

23 200 

2 

2 

53' 



Sandy Hook, N. J 

24 400 

2 

'2 

60 (R) 



New York,N. Y.. 

22 800 

2 

1 

63 (R) 



Altoona, Pa.... 

22 500 

2 ' 

2 

65 (R) 



State College, Pa 

24 900 

1 . 

2 

51' 


Indoors 

Coco Solo Islands, C. Z. 

23 800 

2 

1 




New Kensington, Pa. . ........ 

23 '600 

2 

2 

62 (R) 



Cambridge, Mass 

24 800 

■ i' 

2 

C 



Hanover, N, Mex 

23 600 

2 

2 

c 


" All specimens exposed at Rochester, N. Y., were missing. All Hanover, N . Mex., specimens were exposed for their 
last five years at Tucson, Ariz. , . 

No nardness tests were made. 

(R)— Rockwell hardness, E Scale (K”in. ball, 100-kg. load). 
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TABLE I.— MECHANICAL PROPERTY DATA ON ALDMINDM-BASE DIE-CASTING ALLOY SPECIMENS 
AFTER IS-YEAR ATMOSPHERIC EXPOSHRE«-C»i*»«cil. 


Alloy. ■ ' 

Pro- 

ducer 

... Exposure^ 

.Tensile 

Strength, 

psi. 

Charpy Im- : 
sact Strength, 
m by 
34“in..Bars) 

Elonga- 
tion m 

2 in., 
per cent' 

Brinel! 
Hardness ■ 

Type 

Location 

No.X" 

' G 

Outdoors 

Key West, Fla ... 

28 100 

2 

. 2 

55 




Sandy Hook, N. J 

28 400 

2 

2 

' 70 (R) 




New York, N. Y 

27 500 

2 

2 

72 (R) 




Altoona, Pa 

26 900 

2 

2 

71 (R) 




State College, Pa 

27 700 

2 

2 

54 



Indoors 

Coco Solo Islands, C. Z 

27 900 

2 

2 

c 




New Kensington, Pa. 

28 700 

2 

3 

70 im 




Cambridge, Ma.ss 

28 100 

2 

2 

' e 




Hanover, N. Mex 

28 300 

3 

2, 

■ , ■ 

No. X 

S 

Outdoors 

Key West, Fla 

31 600 

3 

3 

'',•63 




Sandy Hook, N. J 

31 900 

3 

2 

. ,71 (R) 




New York, N. Y 

31 500 

3 

3 

79, (R), 




Altoona, Pa 

30 800 

2 

3 

71 (R) 




State College, Pa 

33 400 

3 

3 

62 „ ' 



Indoors 

Coco Solo Islands, C. Z 

33 400 

3 

3 

e ■ 




New Kensington, Pa 

32 900 

' 3 

■3 

74 (R) 




Cambridge, Mass. 

32 700 

3 

3 

c, . 




Hanover, N. Mex 

32 300 

3 

3 

e 

No.X 

w 

Outdoors 

Key West, Fla 

29 500 

3 

2 

63 ■' 




Sandy Hook, N. J 

30 200 

2 

2 

70 (R) 




New York, N. Y 

26 600 

2 

2 

70 (R) 




Altoona, Pa 

27 700 

2 

2 

71 (R) 




State College, Pa 

30 900 

2 

2 

61 



Indoors 

Coco Solo Islands, C. Z 

30 300 

3 

2 

c 




New Kensington, Pa 

30 400 

. 3 

2 

71 (R) 




Cambridge, Mass 

30 500 

3 ' 

2 

c 




Hanover, N. Mex 

29 700 

3 

3 

c 

No. XI 

c 

Outdoors 

Key West, Fla 

36 too 

2 

3 

71 




Sandy Hook, N. J 

35 900 

2 

2 

77 (R) 

1 



New York, N. Y 

34 500 

2 

3 

84 (R) 




Altoona, Pa 

35 200 

2 

3 

76 (R) 




State College, Pa 

38 600 

2 

3 

69 



Indoors 

Coco Solo Islands, C. Z 

39 100 

3 

3 

c 




New Kensington, Pa 

38 300 

3 

3 





Cambridge, Mass I 

38 700 

3 

3 

77 JR) 




Hanover, N. Mex 

37 100 

3 

3 

c 

No. XI 

D 

Outdoors 

Key West, Fla 

29 000 

3 

3 

65 




Sandy Hook, N. J.. 

26 600 

3 

1 

73 (R) 




New York, N. Y. 

28 100 

3 

2 

79 (R) 




Altoona, Pa 

29 100 

3 

2 

72 (R) 




State College, Pa 

30 100 

3 

2 

64 



Indoors 

Coco Solo Islands, C. Z 

30 400 

4 

2 

c 




New Kensington, Pa 

27 500 

3 

2 

76 (R) 




Cambridge, Mass 

27 600 

4 

2 

c 




Hanover, N. Mex 

27 500 

4 

2 

e 

No. XI 

G 

Outdoors 

Key West, Fla 

32 600 

2 

3 

70 




Sandy Hook, N. J — . 

32 300 

2 

2 

78 (R) 




New York, N. Y 

33 000 

2 

2 

84 (R), 




Altoona, Pa 

31 200 

2 

2 

78 (R) 




State College, Pa. 

33 900 

2 

2 

68 , 



Indoors 

Coco Solo Islands, C. Z...... . . 

33 000 

3 

1 

c 



New Kensington, Pa 

33 200 

2 

2 

81 (R) 




Cambridge, Mass 

34 100 

3 

2 

c 




Hanover, N. Me.x 

33 000 

3 

2 

' ' c 

No. XI 

S 

Outdoors 

Key West, Fla 

34 300 

2 

2 

84 


Sandy Hook, N, J 

33 500 

1 

1 

84 (R) 




New York, N. Y 

33 500 

2 

2 

90 (R) 




Altoona, Pa 

33 200 

1 

2 

88 (R) 




State College, Pa 

36 200 


2 

81,. 


“ Ail specimens exposed at Rochester, N. Y., were missing. All Hanover, N, Mex., specimens were exposed for their 
last five years at Tucson, Ariz. 

® No hardness tests were made. . ■ , 

(R) — Rockwell hardness, E Scale i}4rV!i, ball, 100-kg. load). 
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TABLE L—MECHAHIGAL PROPERTY DATA ON ALUMINUM-BASE DIE-GASTING ALLOY SPECIMENS 
AFTER IS- YEAR ATMOSPHERIC EXPOSURE.-~Co«44«^e<i. , 


Alloy 

Pro- 

ducer 

Exposure® 

Tensile 

Strength, 

psi. 

Charpy Im- 
pact Strength, 
ft-lb. (M by 
Bars) 

Elonga- 
tion, in 

2 in., 
per cent 

Brinell , 
Hardness 

, Type 

Location 



Indoors 

Coco Solo Islands, C. Z. 

35 400 

2 

1 

c 




New Kensington, Pa . . 

35 900 

2 

2 

89 (R) 




Cambridge, Mass 

36 000 

2 

2 

c 




Hanover, N. Mex 

35 000- 

2" 

2 

c 

■No. XI 

' w . 

Outdoors 

Key West, Fla 

26 900 

1 

1 

79 




Sandy Hook, N. J 

2S 300 

1 

1 ■ 

87 (R) 




New York, N. Y 

3d 300 

1 

1 

86 '(R) 




Altoona, Pa - 

28 700 

1 

1 

86 (R) 




State College, Pa 

31 300 

1 

!■ 

77 



Indoors 

Coco Solo Islands, C. Z... 

30 100 

1 

1 

' c 




New Kensington, Pa 

29 200 

1 

1 

88 (R) 




Cambridge, Mass 

31 200 

2 

1 

c 




Hanover, N. Mex 

29 600 

1 

i , 1 

■ ® 

' No. XII 

1' ^ 

Outdoors 

Key West. Fla 

36 400 

2 

2 

■so' 




Sandy Hook, N. J 

35 800 

2 

2 

84 (R) 




New York, N. Y 

i 36 600 

2 

2 

i 85 (R) 




Altoona, P'a 

1 34 800 

2 

2 

! 87 (R) 




State College, Pa.. 

1 38 000 

2 

1 

82 



Indoors 

Coco Solo Islands, C. Z 

39 800 

2 

2 

c 




New Kensington, Pa 

39 700 

3 

2 

85 (R) 




Cambridge, Mass 

39 400 

3 

2 

c 




Hanover, N. Mex 

37 700 

2 

2 

c 

No. XII 

!' D 

Outdoors 

Key West, Fla 

29 400 

1 

1 

84 




Sandy Hook, N. J 

28 000 

1 

1 

83 (R) 




New York, N. Y 

32 500 

1 

1 

91 (R) 




Altoona, Pa 

30 900 

1 

1 

90 (R) 




State College, Pa 

33 600 

i 

1 

88 



Indoors 

Coco Solo Islands, C, Z 

34 300 

2 

0 

« 




New Kensington, Pa 

35 800 

2 

1 

92 (R) 

i 



Cambridge, Mass 1 

34 400 

2 

1 

c 




Hanover, N. Mex ! 

33 900 

2 

1 

c 

No. XII 

G 

Outdoors 

Key West, Fla j 

25 400 

2 

1 

80 




Sandy Hook, N. J ^ 

32 700 

2 

1 

76 (R) 




New York, N. Y 

31 400 

2 1 

2 

86 (R) 




Altoona, Pa 

29 300 

2 

1 

87 (R) 




State College, Pa 

31 900 

2 

i 

70 



Indoors 

Coco Solo Islands, C. Z... 

31 400 

2 

1 

c 




New Kensington, Pa. 

33 000 

2 

2 

85 (R) 




Cambridge, Mass.. 

35 200 

2 

1 

c 




Hanover, N. Mex 

34 700 

2 

2 

c 

No. XII 

S 

Outdoors 

Key West, Fla 

31 200 

2 

2 

96 




Sandy Hook, N. J 

31 000 

2 

1 

85 (R) 




New York, N, Y 

37 300 

2 

2 

92 (R) 




Altoona, Pa 

37 500 

2 

2 

92 (R) 




State College, Pa, 

38 500 

2 

2 

91 



Indoors 

Coco Solo Islands, C. Z. ....... 

40 600 

3 

1 

e 




New Kensington, Pa 

41 600 

2 

2 

n m 




Cambridge, Mass 

42 200 

3 

2 

e , 




Hanover, N. Mex.. 

39 700 

3 

2 

■ c 

No.. XII 

w 

Outdoors 

Key West, Fla 

35 800 

1 

2 

91 




Sandy Hook, N. J. 

30 700 

1 

1 

90 (R) 




New York, N. Y 

35 400 

1 

1 

91 (R) 




Altoona, Pa.. ......... 

34 600 

1 

2 

94 (R) 




State College, Pa. 

38 600 

1 

1 

96 



Indoors 

Coco Solo Islands, C. Z 

40 200 

2 

1 

■ ' c 




New Kensington, Pa... 

40 700 

2 

2 

97 (R) 




Cambridge, Mass.. 

37 600 

2 

1 





Hanover, N. Mex.. 

38 500 

.1 

2, 

c ' 


® All specimens exposed at Rochester, H. Y., were missing. All Hanover, N. Mex., specimens were exposed for their 
last five years at Tucson, Ariz, 

® No hardness tests were made. 

CR)"--Rockweli hardness, E Scale (H-m* 
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TABLE II.-MECHANICAL PROPERTY DATA ON ZINC-BASE DIE-CASTING ALLOY .SPECIMENS AFTER 

: 15-YEAR ATMOSPHERIC EXPOS0RE. 


Alloy 

Pro- 

ducer 

Exposure® 

Tensile 

Strength, 

psi. 

Cbarpy 
Impact 
Strength, 
ft-lb. 
m by M- 
in. Bars) 

Elon- 

gation 

In 

Brinel! 

Hardness 

Expan- 
sion, in. 
per 6 in.. 

Type 

Location 

2 in., 
per . 
cent 

No. XXI 

D 

Outdoors 

Key West, Fla 

43 900 

i 

! 

94 

0.0151 




Sandy Hook, N. J 

47 900 

1 

0 

91 CR) 

0.0103 




New York, N. Y 

44 300 

2 

1" 

94. (R) 

0.0060 




Altoona, Pa 

41 200 

2 

1 

97 (R) 

0.0043 




State College, Pa 

49 000 

1 

1 

99 (R) , 

0.0083 



Indoors 

Coco Solo Islands, C, Z. ..... 

44 200 

& 

i 

. b ■ 

& 




New Kensington, Pa 

44 900 

■. 3 

3 

95 (R^ . .. 

0.0116 




Cambridge, Mass 

47 500 

1 

2 

.77 

0.0108 




Hanover, N. Mex 

49 000 

1 

1 

94 (R) 

0.0116 

No . XXI 

R 

Outdoors 

Kev West, Fla 

42 500 

i ■ 

1 

93 

0.0133 




Sandy Hook, N. J 

50 800 

1 

0 

85 fR) 

0.0065 




New York, N. Y.. 

45 700 

2 

1 

97 (R) ' 

0.0022 




Altoona, Pa.. 

43 900 

2 

2 

94 (R) 

-0.0010 




State College, Pa 

51 700 

I 

1 . 

100 (R). 

.;0.0037 



Indoors 

Coco Solo Islands, C. Z. ..... 

44 300 

i 

"l 

. 90' ■" 

0.0129 . 




New Kensington, Pa.. 

44 900 

i 

i ■ 

95 (R) 

0.0112 




Cambridge, Mass 

48 500 

i 

2 

76 

0.0097. 




Hanover, N. Mex 

46 700 

1 

1 

B4 (R). .; 

0.0104: 

No. XXI 

S 

Outdoors 

Key West, Fla 

46 300 

I 

1 

94 ■ 

0.0105 




Sandy Hook, N. J 

49 500 

1 

1 

93 (R). 

0.0041 




New York, XL Y 

44 100 

2 

1 

94 fR) 

0.0016 




Altoona, Pa 

42 000 

i 

2 

98 (R) 

0.0000 




State College, Pa 

50 800 

i 

2 

IQO (R) 

0.0034 


, ■ 

Indoors 

Coco Solo Islands, C. Z 

46 500 

1 

1 

86 

O.OOS4 




New Kensington, Pa 

46 200 

3 

3 

97 (R) 

0.0065 




Cambridge, Mass 

50 300 

2 

2 

'84 

0.0059 




Hanover, N. Mex 

49 600 

1 

1 

1 95 (R) 

0.0060 

No. XXI 

T 

Outdoors 

Key West, Fla 

39 700 

1 

1 

89. 

0.0150 




Sandy Hook, N. J 

46 400 

1 ! 

1 

78 (R) 

0.0102 




New York, N. Y 

42 600 

2 i 

1 

93 (R) 

0.0070 




Altoona, Pa 

42 200 

2 i 

3 

95 (R) 

0.0059 




State College, Pa 

47 500 

1 1 

1 

98 (R) 

1 0.0091 



Indoors 

Coco Solo Islands, C. Z 

42 100 

1 1 

1 

73 

i 0.0137 




New Kensington, Pa 

43 900 

2' ' 

2 

84 fR) 

0.0113 




Cambridge, Mass 

42 900 

2 

1 

77 ■ 

0.0116 




Plano ver, N. Mex 

43 800 

1 

0 

91 (R) 

O.OllS 

No. XXI 

Z 

Outdoors 

Key West, Fla 

37 700 

1 

1 

88 

0.0142 




Sandy Hook, N. J 

48 600 

1 

0 

87 (R) 

0.0039 




New York, N. Y.... 

41 300 

2 

1 

89 (R) 

0.0027 




Altoona, Pa 

41 700 

1 

3 

93 (R) 

0.0037 




State College, Pa 

49 500 

1 

2 

96 (R) 

0.0043 



Indoors 

Coco Solo Islands, C. Z 

40 700 

1, 

1 

79 

0.0116 




New Kensington, Pa 

42 000 

2 

3 

92 (R) 

0.0102 




Cambridge, Mass 

43 700 

1 

2 

76 

0.0088 




Hanover, N. Mex 

45 200 

1 . 

0 

■ 92 (R) 

0.0097 


® All specimens exposed at Rochester, N. Y., were missing. All Hanover, N. Mex., specimens were exposed for their 
last five :^ears at Tucson, Ariz. 

° Specimens were missing at the exposure location. 

(R)— -Rockwell hardness, E Scale (H-in. ball, 100-kg. load). 
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TABLE III.-MECHANICAL TEOPEItTIES AKD- EXPANSION DATA ON' MAGNESIUM-BASE DIE-CASTING 
ALLOY SPECIMENS AFTER S-YEAR ATMOSPHERIC EXPOSURE. , 


Alloy 

Pro- , 
ducer 

Exposure® 

Tensile 

Strength, 

psi. 

Charpy, 

Impact 

Strength, 

^ ft-lb. 

(H by K- 
in. Bars) 

Elon- 

gation 

in 

2 in., 
per 
cent 

Brinell, 

Hardness 

Expan- 
sion, in,, 
per 6 in.^ 

Type; 

Location 

No. 307 

H 

Outdoors 

Key West, Fia. 

28 300 

2 

4 

67 (R) 

-0.0007 




Sandy Hook, N. J.. — 

25 500 

2 

3 

54 

-0.0012 




New York, N. Y. 

24 400 

2 

4 

49 

-0.0028 




Altoona, Pa 

24 400 

2 

4 

52 (R) 

-0,0022 




State College, Pa 

27 100 

2 

3 

63 (R) 

-0.0009 



Indoors 

Coco Solo Islands, C. Z 

28 700 

3 

4 

67 (R) 

-0.0001 




New Kensington, Pa 

29 000 

2 

4 

, 51 

-0.0004 




Cambridge, Mass 

31 300 

0.5 CN) 

5 

64 

-0.0003 




Tucson, Ariz 

30 500 

0.5 (N) 

5 

72 

-0,0005 

No. 307 

K 

Outdoors 

Key West, Fla 

32 700 

4 

i 7 

68(R) 

-0.0007 




Sandy Hook, N. T.' 

29 200 

3 

5 

53 

-0,0015 




New York, N. Y 

28 000 

3 

6 

49 

-0.0047 




Altoona, Pa 

29 300 

3 

7 

59 (R) 

-0.0029 




State College, Pa 

29 300 

3 

5 

63 (R) 

-0.0007 



Indoors 

Coco Solo Islands, G. Z. ..... 

32 800 

3 

7 

70 (R) 

0.0002 




New Kensington, Pa... 

; 34 800 

i 3 

8 

52 

-0.0001 




Cambridge, Mass 

! 32 500 

0.7 (N) 

6 

84 

-0.0001 




Tucson, Ariz 

34 600 

0.6 (N) 

8 

72 

1 -0.0002 

No. 307 

M 

Outdoors 

Key West, Fla 

25 300 

3 

3 

64 (R) 

-0,0004 




Sandy Hook, N. J 

23 400 

3 

2 

53 

-0.0019 




New York, N. Y 

21 400 

3 

2 

51 

-0.0034 




Altoona, Pa. 

21 500 

3 

2 

59 (R) 

-0;0033 




State College, Pa 

24 100 

3 

2 

64 (R) 

-0.0008 



Indoors 

Coco Solo Islands, C. Z 

25 100 

5 

3 

65 (R) 

-0.0002 




New Kensington, Pa ' 

27 200 

4 


52 

-0.0002 




Cambridge, Mass 

26 000 

0.6 N) 

*3* 

S3 

-0.0003 




Tucson, Ariz 

26 200 

0.6 (N) 

3 

72 

-0.0005 

No. 312 

H 

Outdoors 

Key West, Fla 

28 000 

1 

1 

76 (R) 1 

-0.0008 




Sandy Hook, N. J 

26 900 

1 

1 

60 i 

-0.0016 




New York, N. Y 

26 700 

1 

2 

59 

-0.0030 




Altoona, Pa 

23 900 

1 

1 

72 (R) 1 

-0.0024 




State College, Pa 

27 600 

1 

1 

74 (R) 

-0.0010 



Indoors 

Coco Solo Islands, C. Z 

33 400 

1 

3 

77 (R) 

-0.0012 




New Kensington, Pa 

29 400 

1 

1 

62 

-0.0008 




Cambridge, Mass 

28 800 

0.3 (N) 

1 

95 

-0.0008 




Tucson, Ariz 

29 200 

0.3 (N) 

1 

84 

-0.0008 

No. 312 

K 

Outdoors 

Key West, Fla 

30 900 

1 

2 

74 (R) 

0.0000 




Sandy Hook, N. J 

29 000 

1 

2 

62 

-0.0010 




New York, N. Y 

29 400 

2 

3 

58 

-0.0037 




Altoona, Pa 

28 600 

1 

2 

71 (R) 

-0.0021 




State College, Pa 

30 400 

1 

2 

77 (R) 

-0.0004 



Indoors 

Coco Solo Islands, C. Z 

34 300 

1 

4 

81 (R) 

O.OOOl 




New Kensington, Pa 

32 100 

1 

3 

60 

-0.0001 




Cambridge, Mass 

32 600 

0.3 (N) 

2 

95 

-0.0002 




Tucson, Ariz 

32 800 

0.3 (N) 

3 

82 

0.0000 

No. 312 

M 

Outdoors 

Key West, Fla 

30 300 

1 

1 

83 (R) 

-0.0006 




Sandy Hook, N. J 

28 900 

1 

1 

66 

-0.0021 




New York, N. Y 

27 500 

1 

1 

63 

-0.0038 




Altoona, Pa 

28 600 

1 

2 

80 (R) 

-0.0018 




State College, Pa 

28 400 

3 

1 . 

82 (R) 

-0.0007 



Indoors 

Coco Solo Islands, C. Z 

31 700 

1 

1 

82 (R) 

-0.0003 




New Kensington, Pa... 

32 400 

1 

1 

69 

-O.OOOS 




Cambridge, Mass 

32 000 

0,2 (N) 

1 

108 

-0.0003 




Tucson, Ariz 

30 100 

0.2 (N) 

1 

91 

-O.OOOS 


* A!1 specimens exposed at Rochester, N. Y., were missing. 

® The expansion values on the outdoor exposure specimens did not detect whether the bars expanded or contracted 
upon aging because the specimens were noticeably eroded. Therefore, the values are a measure of the extent of erosion 
combined with the aging change. 

(R)— -Rockwell hardness, E Scale (J^-in. ball, 100-kg. load). 

(N)“0.050-in. deep V-notch, having a base radius of 0,010 in., was machined in bars 3 in. in length cut from the 
center of 6-in. bars. 
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TABLE, III.— MECHAHICAL PROPERTIES AND EXPANSION BATA ON MAGNESIUM-BASE DIE-CASTING 
; alloy SPECIMENS AFTER 5-YEAR ATMOSPHERIC EXPOSURE.— , 


Alloy 

Pro- 

ducer 

Exposure** ■ . 

Tensile 

Strength* 

psi. 

Charpy 

Impact 

Strength, 

ft-ib. 

{.!€ by M- 
m. Bars) 

Elon- 

gation 

in 

2 in., 
per 
cent 

Brinell 

Hardness 

Expan- 
sion, in. 
per 6 in.® 

Type 

Location 

No, 313 . 

H 

Outdoors 

Key West, Fla 

28 800 

1 

' 2 

75 (R) 

-0.0005 ' 




Sandy Hook, N. J 

27 700 

1 

2 

57 

-0.0014 




New York, N. Y.. 

27 300 

1 

2 

57 

-0.0024 




Altoona, Pa 

25 300 

1 

2 

65 CR) 

■ -0.0014 




State CoOege, Pa 

28 700 

1 

2 

72 (R) 

, -0.0008 



Indoors 

Coco Solo Islands, C. Z, 

29 800 

1 

3 

69 (R) 

-0.0001 




New Kensington. Pa. 

30 200 

1 

2 i 

,60 

, -0.0004 




Cambridge, Mass 

29 200 

0.3 (N) 

T 

72 

-0.0004 




Tucson, Ariz 

29 400 

0.3 (N) 

1 

82 

-0.0007 

No. 313 

K 

Outdoors 

Key West, Fla 

32 700 

2 

3 

74 (R) , 

-0.0002 




Sandy Hook, N. I 

29 500 

2 

3 

57 

-0.0008 




New York, N. Y 

30 300 

2 

4 

58 

-0-.0026' 




Altoona, Pa 

28 900 

2 

4 

70 (R) 

-0.0013 




State College, Pa....... 

31 400 

2 

3 

73 (R) 

-0,0005 ,, 



Indoors 

Coco Solo Islands, C. Z 

32 000 

2 

4 

78 (R) 

0.0004 




New Kensington, Pa 

32 600 

2 

' 3 

60 

0.0000 




Cambridge, Mass 

32 500 

0.4 (N) 

3 

68 

-0.0001 




Tucson, Ariz 

29 500 

0.3 (N) 

2 

79 

-0.0003 

.No, 313 

M 

Outdoors 

Key West, Fla 

29 900 

2 

3 

77 (R) 

-o.ooos 




Sandy Hook, N. J 

26 800 

1 

2 

59 

-0.0019 




New York, N. Y.'’. 

24 600 

2 

2 

58 

-0.0033 




Altoona, P'a 

25 300 

2 

3 

69 (R) 

-0.0020 




State College, Pa 

26 100 

1 

1 

72 (R) 

-0.0008 



Indoors 

Coco Solo Islands, C. Z 

29 000 

2 

2 

75 (R) 

-0.0004 




New Kensington, Pa 

28 600 

0 

2 

60 

-0.0004 




Cambridge, Mass 

29 200 

0.3 (N) 

' 2 

71 

-0.0004 




Tucson, Ariz 

29 500 

0.3 N) 

2 

79 

-0.0003 

No. 314 

"”h 

Outdoors 

Key West, Fla 

29 600 

2 

2 

75 (R) 

-0.0006 




Sandy Hook, N. J 

28 100 

2 

3 

56 

-0.0015 




New' York, N. Y 

23 500 

2 1 

2 

56 

1 -0.0020 




Altoona, Fa 

25 500 

2 ! 

4 

69 (R) 

: -0.0019 




State College, Pa 

29 200 

2 

2 1 

72 (R) 

-0.0008 



Indoors 

Coco Solo Islands, C. Z. ..... 

28 100 

1 

2 

73 (R) 

-0.0003 




New' Kensington, Pa. 

29 600 

2 

2 

59 

-0.0003 




Cambridge, Mass 

31 500 

0.4 (N) 

3 

88 

-0.0003 




Tucson, Ariz 

32 200 

0.4 N) 

3 

80 

-0.0003 

No. 314 

K 

Outdoors 

Key West, Fla 

32 600 

3 ■ ! 

5 

69 (R) 

0.0001 




Sandy Hook, N. J I 

28 900 

3 

5 

S3 

-0.0006 




New York, N. Y 

25 200 

1 3 

4 

54 

-0.0013 




Altoona, Pa 

26 400 

2 

^3 

67 (R) 

-0.0019 




State College, Pa 

33 000 

2 

5 

68 (R) i 

-0.0004 



Indoors 

Coco Solo Islands, C. Z 

35 000 

3 

6 

74 fR) 

0.0001 




New Kensington, Pa 

34 000 

4 

6 

56 ■ 

-0.0001 




Cambridge, Mass. 

35 600 

0.5 (N) 

6 

85 

0.0000 




Tucson, Ariz 

33 200 

0.5 (N) 

4 

74 . 

-0.0001 

No. 314 

M 

Outdoors 

Key West, Fla.. 

26 200 

2 

1 

75 (R) 

-0.0004 




Sandv Hook, N. J 

26 100 

2 

2 

56 

-0.0015 




New York, N. Y. 

23 300 

1 

3 

55 

-0.0032 




Altoona, Pa 

25 300 

2 

3 

66 (R) 

-0.0018 




State College, Pa., 

27 700 

2 

3 

66 (R) 

-0,0005 



Indoors 

Coco Solo Islands, C. Z 

35 000 

3 

1 . 6 

74 (R) 

0.0001 




New' Kensington, Pa 

34 000 

4 

i ^ 

56 

-0.0001 




Cambridge, Mass.. 

29 200 

0.4 (Nj 

2 

91 

-0.0002 




Tucson, Ariz.. 

26 900 

0.4 (N) 

1 

80 

-0.0001 


^ All specimens exposed at Rochester, N. Y., were missing. ^ 

* The expansion values on the outdoor exposure specimens did not detect whether the bars expanded or contracted 
upon aging because the specimens were noticeably eroded. Therefore, the values are a measure of the extent of erosion 
combined with the aging change. 

(R)— Rockwell hardness, E Scale 100-kg. load). . , , , , 

(N)— O.OSO-in. deep V-hotch, having a base radius of O.OlO in., was machined m bars 3 m. m length cut from the center 
of 6-in. .bars. 
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TABLE I¥*—M'ECHAN1GAL PROPERTIES ANB EXPANSION DATA ON .ZINC-BME DIE-CASTMG ALLOY 
SPECIMENS AFTER 5-yEAR ATMOSPHERIC EXPOSURE, 


Alloy 

Pro- 

ducer, 

Exposure® 

Tensile 

Strength, 

psi. 

Charpy 

Impact 

Strength, 

ft-lb. 

(H by H- 
in. Bars) 

Elon- 
gation 
: in 

2 in., 
per 
cent 

Brinel! 

Hardness 

Expan- 
sion, In, 
per 6 in. 

, Type 

Location 

. No, XXIa^ 

A 

Outdoors 

Key West, Fla 

: 49 700 

4 

,4 

■ 98 ■ ■' 

0.0052 




Sandy Hook, N. J — 

48 600 

13 

4 

92 (R) 

0.0011 




New York, N. Y 

47 300 

15 

6 

93 (R) 

O.OQIS 




Altoona, Pa,... 

46 300 

16 

7 

95 (R) 

0.0011 




State College, Pa 

47 100 

15 

5 

99 (R) 

0.0008 



Indoors 

Coco Solo Islands, C, Z. ..... 

49 600 

4 

7 

98 

0.0059 




New Kensington, Pa 

50 300 

15 

9 

97 {R) 

0.0025 




Cambridge, Mass 

50 400 

9 

7 , 

96 

0,0025 




Tucson, Ariz 

51 100 

6 

4 

95 (R) 

0,0047 

No. XXIa 

D 

Outdoors 


48 900 

3 

3 

99 

0,0060 


Sandy Hook, N, J 

46 500 

32 

2 

96 (R) 

0.0016 




New York, N. Y 

47 800 

12 

3 

96 (R) 

0.0020 




Altoona, Pa 

47 800 

17 

4 

98 (R) 

0.0016 




State College, Pa 

49 100 

9 

3 

100 (R) 

0.0015 



Indoors 

Coco Solo Islands, C. Z 

48 400 

■ 4 

2 

100 

0.0072 




New Kensington, Pa 

50 800 

14 

7 

98 (R) 

0.0029 




Cambridge, Mass 

49 500 I 

14 

4 i 

99 

0.0030 




Tucson, Ariz 

50 700 

6 

3 

97 (R) 

0.0058 

No. XXIa 

J 

Outdoors 

Key West, Fia 

50 500 

3 

4 

96 

0.0026 




Sandy Hook, N. J 

48 800 

16 

5 

93 (R) 

-0.0006 




New York, N. Y 

47 000 

19 

5 

95 CR) 

-0.0006 




Altoona, Pa 

45 600 

17 

6 

95 (R) 

-0.0002 


! 


State College, Pa 

47 200 

17 

5 

99 (R) 

-0.0008 



Indoors 

Coco Solo Islands, C. Z 

49 900 

5 

4 

100 

0.0035 




New Kensington, Pa 1 

SO 200 

18 

11 

96 (R) 

0.0001 




Cambridge, Mass 

50 100 

16 

6 

102 

0.0004 




Tucson, Ariz 

51 700 

9 

3 

96 (R) 

0.0021 

No. XXIa 

P 

Outdoors 

Key West, Fla 

46 000 

10 

6- 

96 

0.0019 




Sandy Hook, N. J 

44 900 

17 

7 

92 (R) 

-0.0003 




New York, N. Y 

43 800 

23 

8 

93 (R) 

-0.0005 




Altoona, Pa 

42 100 

20 

8 

95 (R) 

-0.0003 




State College, Pa 

43 900 

20 

6 

97 (R) 

-0.0009 



Indoors 

Coco Solo Islands, C. Z 

47 100 

7 

5 

98 

0.0033 




New Kensington, Pa 

44 600 

22 

10 

96 (R) 

0.0002 




Cambridge, Mass 

46 200 

13 

6 

93 

0.0002 




Tucson, Ariz 

46 000 

13 

4 

94 (R) 1 

0.0010 

No. XXIa 

S 

Outdoors 

Key West, Fla 

53 500 

1 

3 

100 

0.0092 




Sandy Hook, N. J.. 

57 800 

3 

3 

93 (R) 

0.0028 




New York, N. Y 

55 200 

4 

3 

99 (R) ; 

0.0034 




Altoona, Pa.... 

55 200 

4 

6 

100 (R) 

0.0026 




State College, Pa 

57 200 

5 

3 

102 (R) : 

0.0024 



Indoors 

Coco Solo Islands, C. Z 

53 400 

2 

3 

102 

0.0103 




New Kensington, Pa 

57 600 

8 

10 

100 (R) 

0.0056 




Cambridge, Mass 

56 800 

6 

6 

106 

0.0060 




Tucson, Ariz 

55 600 

2 

4 

97 (R) 

0.0090 

No. XXIa 

z 

Outdoors 

Key West, Fla 

53 700 

5 

5 

98 

0.0060 




Sandy Hook, N. J*. 

51 500 

14 

7 

96 (R) 

0.0012 




New York, N. Y 

49 700 

15 

S 

98 (R) 

0.0017 




Altoona, Pa 

48 900 

21 

9 

98 (R) 

0.0009 




State College, Pa 

50 300 

17 

6 

101 (R) 

0.0008 



Indoors 

Coco Solo Islands, C. Z 

S3 600 

4 

5 

104 

0,0072 




New Kensington, Pa 

53 100 

20 

9 

99 (R) 

0,0023 




Cambridge, Mass 

53 700 

16 

7 

104 

0.0027 




Tucson, Ariz. 

55 000 

13 

6 

98 (R) 

0.0056 


“ AH specimens exposed at Rochester, N. Y., were missing, 

® These alloy XXI specimens were marked with an to differentiate them from those exposed in 1929, 
(R)— Rockwell hardness, E Scale (K"in, ball, 100-kg. load). 
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TABLE IV.— MECHAOTC^ PROPERTIES AND EXPANSION DATA ON ZINC-BASE DIE-CASTING ALLOY 
SPECIMENS AFTER S-YEAR ATMOSPHERIC EXPOSIJRE.-Co«Ji«a«(. 


Alloy 

Pro- 

ducer 

Exposure® 

Tensile 

Strength, 

psi. 

Charpy , ; 
Impact i 
Strength, 1 
ft-Ib. .,1 
(H by M- 
in. Bfl.rs) ■ 

Elon- 

gation 

in 

2 In., 
per 
cent 

Brine!!. 

Hardness 

Expan- 
sion. In, 
per 6 In. 

Type 

Location 

No. XXIII 

A 

Outdoors 

Key West, Fla 

35 000 

33 

20 

64 

0.0000 




Sandy Hook, N. J 

35 900 

1 42 

10'" 

76 (R) 

-0.0004 




New York, N. Y 

34 100 

! 38 

7 i 

77 (R) 

-0.0006 




Altoona, Pa 

33 600 

29 

19 1 

79 CR) 

-0.0005 




State College, Pa : 

35 500 

1 39 

IS 

82 (R) 

-0.0004 



Indoors 

Coco Solo Islands, C. Z 

33 800 

'26 

19 

61 

-0.0002 




New Kensington, Pa 

34 900 

27 

19 

80CR). 

-0.0004 




Cambridge, Mass 

34 700 

33 

1 19 

'65 

—0.0004 




Tucson, Ariz 

36 100 

43 

16 

. 76 (R), 

-0.0006 

No.^XXlII 


Outdoors 

Key West, Fla 

34 400 

38 

' 17. 

60 

-0.0001 




Sandy Hook, N. J 

36 000 

43 

i 7 

75 (R) 

-0.0005 




New York, N. Y... 

34 100 

41 

7 

■ 77 (R) 

i —0.0008 




Altoona, Pa 

33 too 

26 

12 ^ 

76 (R). 

-O.OOOS 




State College, Pa 

35 000 

37 

12 

82 (R) 

-0.0005 



Indoors 

Coco Solo Islands, C. Z, .... 

33 600 

■ 38 

16 

61 

-0.0003 




New Kensington, Pa 

34 300 

35 

19 

77 (R), 

i -0.0005 




Cambridge, Mass 

34 500 

32 

12 

59 

-O.OOOS 




Tucson, Ariz 

36 000 

41 

12 

, 77 (R) 

-0.0007 

No. XXIII 

p 

Outdoors 

Key West, Fla 

33 600 

42 

27 

' 62 

O.OOOS 




Sandy Hook. N. J 

35 600 

43 

iS 

76 fR) 

-0.0004 




New York, N. Y 

34 100 

44 , 

13 

77 (R) 

-0.0009 




Altoona, Pa 

32 800 

28 

24 

76 (R) 

-0.0008 




State College, Pa. 

34 200 

33 

21 

81 (R) 

-O.OOOS 



Indoors 

Coco Solo Islands, C. Z 

34 100 

39 

25 

61 

-0.0002 




New Kensington, Pa 

33 700 

40 

26 

78 (R) 

-O.OOOS 




Cambridge, Mass 

34 200 I 

35 

15 

61 

-0.0007 




Tucson, Ariz 

35 500 

40 

21 

77 (R) 

—0.0006 

N 0 ..XXIII 

z 

Outdoors 

Key West, Fla 

34 800 

42 ■ 

19 

65 

0.0000 




Sandy Hook, N. J 

36 500 

44 

1.1 

76 (R) 

“0.0002 




New York, N. Y 

35 000 

44 

10 

79 {R1 

-0.0005 




Altoona, Pa . . 

34 000 

36 

18 

80 fR) 

-O.OOOS 




State College, Pa 

35 600 

41 

18 

85 (R) 

-0.0003 



Indoors 

Coco Solo Islands, C. Z 

33 800 

26 

19 

61 

-0.0002 




New Kensington, Pa 

35 300 

42 

18 

81 (R) 

-0.0004 




Cambridge, Mass 

35 500 

34 

18 

65 

-0.CO04 




Tucson, Ariz 

36 500 

47 

IS 

77 (R) 

-0.0004 

No. XXV 

A 

Outdoors 

Key West, Fla 

39 600 

34 

16 

76 

-0.0009 




Sandy Hook, N. J.. 

41 600 

40 

6 

84 (R) 

-0.0009 




New York, N. Y 

40 100 

39 

7 

86 (R) 

-0.0010 




x\ltoona, Pa 

37 300 

29 

6 

88 (R) 

-0.0013 




State College, Pa. 

40 100 

35 

8 

90 (R) 

-0.0011 



Indoors 

Coco Solo Islands, C. Z. 

38 700 

35 

20 

71 

—0.0008 




New Kensington, Pa 

40 100 

31 

IS 

87 (R) 

-0.0013 




Cambridge, Mass.. 

40 100 

36 

13 

79 

—0.0012 




Tucson, Ariz.. 

41 000 

38 

12 

86 (R) 

-0.0010 

No. XXV 

D 

Outdoors 

Key West, Fla.. 

40 500 

40 

10 

78 

-0.0003 




Sandy Hook, N. J 

42 600 

40 

1 

87 (RV 

—0.0008 




New York, N. Y — 

39 300 

42 

3 

87 (R) 

-0.0006 




Altoona, Pa.. . 

39 100 

30 

5 

90 (R) 

-0.0008 




State College, Pa 

42 200 

37 

5 

93 (R) 

-0.0008 



Indoors 

Coco Solo Islands, C, Z 

40 m 

37 

10 

80 

-0.0005 




New Kensington, Pa 

39 700 

43 

6 

88 (R) 

-0.0010 




Cambridge, Mass 

. 40 800 

20 

10 

77 

-0.0009 




Tucson, Ariz 

39 900 

41 

7 

'87 (R) 

-0.0008 


“ All specimens exposed at Rochester, N. Y., were missing. 
(R)— Rockwell hardness, E Scale iH-in.. ball, 100-kg. load), 



* All specimens exposed at Rochester, N. Y., were missing. 
(R) —Rockwell hardness, E Scale (H-in. ball, 100-kg. load). 
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REPORT OF COMMITTEE B-7* 

ON . ■ 

LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, was not very 
active during the first half of the past 
year because of the continued restric- 
tions on meetings and travel and the 
necessary activities of its members inci- 
dental to the early reconversion period. 
The committee met on March 1, 1946, 
in Pittsburgh, Pa., however, and heard 
very mteresting reports on the current 
and proposed activities of its subcom- 
mittees, as covered later in this report, 
and authorized considerable activity 
with respect to specifications. The com- 
mittee, through its chairman, also is 
attempting to work out, with Cdm- 
mittee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys, a program of corro- 
sion of tests of light metals and alloys. 

Changes in membership during the 
past year have increased the total to 66; 
of whom 29 are producers, 24 consumers, 
and 13 general interest members. 

The election of ofticers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, I. V. Williams. ■ 

Vice-Chairman, Walter Bonsack. 

Secretary, J. J. Bowman. 

The committee in its 1944 reporP in- 
cluded a description of the code system 
for the designation of magnesium-base 
alloys which, had .been adopted by the 
committee and is now used in the speci- 
fications for these alloys under the juris- 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 ProceedingSy Am. Soc. Testing Mats., VoL 44, p. 266 
(1944). 


diction of Committee '8-7. Experience' 
has indicated that slight modifications 
in the method of applying the system are 
desirable. The following new method 
for applying the system will therefore be 
used in the future : 

Code System for Designation of Magnesium 
Alloys. — The letters designating the alloying 
constituents will be arranged in order from the 
element present in the greatest amount to thafe 
present in the least amount. Numbers indi- 
cating the nominal amount of each indicated 
element will follow the letters and be arranged 
in the same order. When a range is specified 
for the element, the nominal percentage will be 
the mean of the range, rounded off to the near- 
est whole number using the methods described 
in the Tentative Recommended Practices for 
Designation of Numerical Requirements in 
Standards (E 29 - 40 T) . If only a minimum 
percentage for the element is specified, the mini- 
mum will be rounded off to the nearest whole 
number and tliis rounded-off minimum con- 
sidered as the nominal percentage. Small 
amounts of manganese are present, and essen- 
tial, in all of the alloys but will not be indicated 
in the designation; the presence of manganese in 
small amounts being implied in ail designations. 
When only a maximum is specified for an ele- 
ment, it is considered an impurity and is ig- 
nored in the designation. The alloy constitu- 
ents will be designated by the following letters: 
A — aluminum 
M — manganese® , 

. S — silicon 
Z— -zinc 
T— tin 
D — cadinium 
E — cepium . 

K— zirconium 
X — high purity^ . 

® To be used only where manganese is a primasry con- 
stituent. 

. ,°To be used where .the impurities iron and nickel arc 
controlled to low limits. 
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Report of Committee M -7 


The cha nges will ■ ' affect the designa- 
tions of only three alloys in current ten- 
tative specifications:. Alloys AZ90 and 
AZ90X in Specifications B 93 and B 94 
become AZ91 and AZ91X, respectively, 
and aEoy AT3S in Specifications .B 9.1 
becomes TAS4. 

Recommendations Aeeecting ' ■ 
Standaeds 

The committee is submitting three new 
tentative specifications, revisions in three 
ten tatives, revision of one standard for 
immediate adoption, and the withdrawal 
of five teiitatives. The committee also 
has under consideration revisions in a 
number of other specifications and work 
is actively under way on the preparation 
of a number of new tentative specifica- 
tions. Much of this work has not been 
completed in time for inclusion in this 
report and these recommendations will 
be submitted at a later date to the 
Society through the Administrative 
Committee on Standards. 

I. New Tentatives 

The committee recommends the fol- 
lowing three new specifications for pub- 
lication as tentative as appended hereto^: 
Tentative Specifications for : 

Aluminum-Alloy Sheets and Plates, 
Aluminum-Alloy Drawn Seamless Tubing, and 
Aluminum -Alloy Bars, Rods and Wire. 

II. Revision of Tentatives 

The committee recommends that the 
Tentative Specifications for Magne- 
sium-Base Alloy Sheet (B 90 - 45 T)^ 
be revised as follows: 

Section 9 (c). — Delete the following 
sentence: case an exact length is 

specified, the permissible variation in 
length shall be plus •§ in. with no minus 
variation. 

This statement is inconsistent with 

2 These specifications were accepted as tentative by the 
Society and appear in the 1946 Book of A.S.T.M. Stand- 
ards, Part I-B. 

® 1945 Supplement to Book of A.S.T.M. Standards, 
Fart 1. 


the requirem,ents of the table ■ of length 
tolerances and does not fully conform 
with commercial practice. 

■ The committee also recommends that 
the Tentative Specifications for Alu- 
minum-Manganese Alloy Sheet and Plate 
for Use in Welded Pressure Vessels (B 
126 - 44 T)^ and for Aluminum Sheet 
and Plate , for Use in Welded Pressure 
Vessels (B 178 - 44 T)^ be revised by 
deleting the present tables of thickness 
tolerances and substituting the accom- 
panying Table I. 

III. Revision OF Standard, Immediate 
Adoption 

The committee recommends the fol- 
lowing revision in the Standard Specifi- 
cations for Aluminum Ingots for Re- 
melting (B 24 - 44)^ for immediate 
adoption and accordingly asks for a 
nine-tenths affirmative vote at the An- 
nual Meeting in order that this recom- 
mendation may be referred to letter 
ballot of the Society. . 

S^^ope and Table I . — Delete the pres- 
ent four grades in the scope and Table I, 
substituting grades 99+ and 99.75 for 
which the composition requirements 
shall be changed to read as follows: 


Elements 

, Grade 
99+ 

Grade 

99.75 

Copper, max., per cent 

O.IG 

0.05 

Iron, max., per cent. 

0.50 

0.20 

Silicon, max., per cent — 

0.30 

0.10 

Magnesium, max., per cent 

Others, eacii, max., per cent.' 

0.05 

0.03 

0.05 

0.03 

Total of all impurities, max., per cent 
Aluminum (by difference), min., per 

0.70 

0.25 

cent 

99.30 

99.75 


IV. Withdraw’'al OF Tentatives 

The committee recommends with- 
drawal of the following five tentative 
specifications: 

Tentative Specifications f or : 

Aluminum-Alloy (Duralumin) Sheet and Plate 
(Aluminum - Copper - Magnesium - Mangan- 
ese) (B 78 - 44 T), 
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Aliimmum Slieet and Plate (B 25 - 44 T), 
AiEmlnum-Manganese Alloy Sheet and Hate 
(B 79-44T), 

Aluminum-Alloy (Duralumin) Bars, Rods, Wire, 
and Shapes (B 89 - 44 T), and 
Alumlnum-Magnesitim-Chromium Alloy Sheet 
and Plate (B 109 - 44 T). 

The above specifications are being 
discontinued because the material cov- 
ered by Specifications. B 78 is no longer 
commercially available and the alumi- 
num-alloy products covered by the re- 


Aluminum for Use in Iron and Steel Manufac- 
ture (B 37 - 42 T), 

Aluminum-Base Alloys in. Ingot Form for Sand 
Castings (B 58 - 44 T), . , , 

Aluminum-B.ase Alloy Permanent Mold Cast- 
ings (B 108 - 44 T), 

Aluminum-Base Alloys in Ingot Form for 
Permanent Mold Castings, (B 112 - 44 T), and 
Aluminum-Base Alloys in .Ingot Form for Die 
Castings (B 125 - 44, T). 

These recommendations in this report 
have been . submitted to letter ballot 


TABLE I.-PERMISSIBLE VARIATIONS IN THICKNESS OF FLAT .AND COILED SHEETS AND PLATES, 

PLUS OR MINUS, IN. 


Thickness, io. 

Width 

18 in. ■ 
and under 

Over 18 
to 36 in. 

Over 36 
to 54 in. 

Over 54 
to 72 in. 

Over 72 
to 90 in. 

Over 90 
to 102 in. 

Over 102 
to 132 in. 

3.000 to 2.751 

0.090 

0.090 

0.090 

0.090 

0.120 

0,150 


2.750 to 2.251 

0.075 

6.075 

0.075 

0.075 

0.100 

0.125 

6.125 

2.250 to 1.876 

0.060 

0.060 

0.060 

0.060 

0.080 

0.100 

0.100 

1.875 to 1,626 

0.052 

0.052 

0.052 

0.052 

0.070 

0.088 

O.OSS 

1.625 to 1.376 

0.045 

0.045 

0.045 

0.045 

0.060 

0.07S 

0.075 

1.375 to 1.126 

0.040 

0.040 

0.04Q 

0.040 

0.052 

0.065 

0.065 

1.125 to 0.876 

0.035 

0.035 

0.035 

0.035 

0.045 

0.055 

0.055 

0.875 to 0.626 

0.030 

0.030 

0.030 

0.030 

0.037 

0.045 

0.045 

0.625 to 0.439 

0.025 

0.025 

0.025 

0.025 

0.030 

0.035 

0.035 

0.438 to 0.321, 

0.019 

0.019 

0.019 

0.019 

0.023 

0.026 

0.026 

0.320 to 0.250 

0.013 

0.013 

0.013 

O.OiS 

0.017 

0.020 


0.249 to 0.204 

0.009 

0.009 

0,011 

0.013 

0.015 

0.017 


0.203 to 0.173 

0.007 

0.007 

0.009 

0.011 

0.013 

0.015 


0.172 to 0.141 

0.006 

0.006 

0.008 

0.009 

0.011 

0.012 ' 


0.140 to 0.109 

0 .0045 

0.0045 

0.005 

0.007 

0.009 

0.010 


0.108 to 0.097 

0.0035 

0.004 

0.005 

0.007 

0.009 

O.OlO 


0.096 to 0.077. 

0.003 j 

0.003 

0.004 

0.006 

0.008 



0.076 to 0.069 

0.0025 

0.003 

0 .004 

0.006 

0.008 



0.068 to 0.046 

0.0025 

0.003 

0.004 

0,005 

0.007 



0.045 to 0.037 

0.002 

0.0025 

0.003 

0.004 




0.036 to 0.029 

0.002 

0,002 

0.0025 

0.0035 




0.028 to 0.018 

0.0015 

0,002 

0.0025 





0.017 toO.Oll 

0.0015 

0.0015 

0.002 





0.010 to 0.008 

0.001 

0.0015 






0.007 to 0.006 

0.001 

0.001 















maining four specifications are being 
provided for in the new tentatives sub- 
mitted herewith. 

¥. Tentatives Continued as Tenta- 
tive WITHOUT Revision 

Although revisions of many of these 
tentatives are in process, the work is 
incomplete and the committee finds it 
necessary at this time to recommend 
that the following; specifications be con- 
tinued as tentative without revision: 

Tentative Specifications f&r: 

Aluminum-Base Alloy Sand Castings (B 26 - 
44 T), 


of the committee, which consists of 66 
members, with the results shown .' in 
Table II 

Activities of Subcommittees 

Subcommittee I on Aluminum and Alu- 
minum-Alloy Ingots (A. Sugar, chair- 
man). — The activities of this subcom- 
mittee with respect to specifications are 
largely contingent upon the work of Sub- 
committee II of Committee B-7 and 
Subcommittee I of Committee B-6 on 
Die-Cast Metals and Alloys. The sub- 
committee is maintaining close associa- 
tion with the work of these latter groups 
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in order that the specifications for alloy 
ingots may be kept consistent with those 
for the finished castings.' In addition, 
the subcommittee has appointed a small 
task group to consult with the steel in- 
dustry for the purpose of determining 
whether a revision of the Tentative 
Specifications for Aluminum for Use in 


TABLE II.-ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Affir- 

mative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. New Tentatives 

Spec, for Aluminum-Alloy 
Sheets and Plates 

25 

1 

13 

Spec. for Aluminum-Alloy 
Drawn Seamless Tubing ' 

26 

0 

13 

Spec, for Aluminum-Alloy Bars, 
Rods and Wire 

26 

0 

13 

II. Revisions of Tentatives 
Spec, for Magnesium-Base Al- 
loy Sheet (B 90 - 4S T) 

25 

1 

13 

Spec, for Aluminum-Manganese 
Alloy Sheet and Plate for Use 
in Welded Pressure Vessels (B 
126- 44 T) 

23 1 

0 

16 

Spec, for Aluminum Sheet and 
Plate for Use in Welded Pres- 
sure Vessels (B 178 - 44 T) ... . 

. i 

23 

0 

16 

III. Revision of St,\ndard, 
laiMEDiATE Adoption 

Spec, for Aluminum Ingots for 
Remelting (B 24-44) — 

29 

0 

10 

IV. Withdrawal OP Tentatives 
Spec, for Aluminum-Alloy (Du- 
ralumin) Sheet and Plate (B 78 
-44T)... 

27 

0 

12 

Spec, for Aluminum Sheet and 
Plate (B2S~44T) 

27 

0 

12 

Spec, for Aluminum -Manganese 
Alloy Sheet and Plate (B 79 - 
44 T) 

26 

0 

13 

Spec, for Aluminum-Alloy (Du- 
ralumin) Bars, Rods, Wire 
and Shapes (B 89 - 44 T) 

27 

0 

12 

Spec, for Aluminum-Magnesium- 
Chromium Alloy Sheet and 
Plate (B i09 -44 T).... 

26 

0 

13 


Iron and Steel Manufacture (B 37 
42 T) is desirable. • 

After a review of the present commer- 
cial standards, the subcommittee has 
recommended, for immediate adoption, 
the changes in the Standard Specifica- 
tions for Aluminum Alloy Ingots for 
Remelting (B 24 - 44) described earlier 
in this report. 

Subcommittee II on Aluminum-Alloy 
Castings (I. V. Wilhams, cha^ 


Discussion of the two teiitatives for 
aluminum-alloy castings (B 26 and B 58) 
at the last meeting of this subcommit- 
tee led to the conclusion, that they should 
be thoroughly ' reviewed. Accordingly, 
task groups were appointed, to make 
these reviews and were directed to re- 
port their conclusions as promptly as 
possible. 

Subcommittee III on Wrought Alu- 
minum and Wrought Ahminum Alloys 
(P. V. 'Faragher, chairman) .—Since the 
A.S.T.M. specifications for wrought alu- 
minum alloys do not offer a reasonably 
complete coverage of the materials avail- 
able commercially, this subcommittee 
is preparing a number of new specifica- 
tions. Several of these specifications 
have been completed and are recom- 
mended for publication as tentative; 
the remainder will be completed very 
shortly. Incidental to this review, it 
was concluded that the Tentative Speci- 
fications for Aluminum-Alloy (Duralu- 
min) Sheet and Plate (B 78 - 44 T) 
was no longer necessary, since the mate- 
rial it describes has been almost 
complete!}^ superseded in commercial 
applications by other materials. Four 
other teiitatives for wrought products 
are made obsolete by the proposed new 
specifications. As set forth elsewhere 
in this report, the withdrawal of these 
tentatives is being recommended. 

Subcommittee IV on Magnesium and 
Magneskm Alloys, Cast and Wrought 
(H. W. Schmidt, chairman).— The speci- 
fications under the jurisdiction of this 
subcommittee were completely reviewed 
last year and have not yet stood in their 
present form long enough to warrant 
further changes. A minor change in the 
Tentative Specifications for Magnesium- 
Base Alloy Sheet (B 90 - 45 T), over- 
looked last year, is being made at this 
time. This subcommittee is preparing 
new tentative specifications for magne- 
sium-aUoy tubing, which will round out 


263 


On Light Metals 'and Alloys 


.the Society's coverage of the wrought 
magnesium-alloy products. 

Subcommittee P'' on Testing of Light 
Alloys. (R. L. Templiiij chairman) met 
in, Pittsburgh and reviewed those ac- 
tivities, of Committee E-1 on Methods 
of Testing having a bearing on the 
specifications under the jurisdiction of 
Committee B-7. Since, however, these 
activities had not yet resulted in formal 
recommendations to the Society, Sub- 
committee V could do nothing beyond 
discussing the work in progress and its 
possible application to the testing of 
light metals. 

The subcommittee also heard an in- 
formah report of some work being done 
to determine the limits of error to be 
expected in the determination of elonga- 
tion in specimens having a typical elon- 
gation of about 0.5 per cent m 2 in. A 
technical paper describing the work and 
the results obtained will be submitted 
to the Society as soon as the investiga- 
tion is completed. 

Subcommittee VI on Anodic Oxidation 
of Aluminum and Ahmimum Alloys (J. 
D. Edwards, chairman) has been inac- 
tive during the past year and does not, 
at the moment, have any program for 
future work. Associates of the chair- 
man have been investigating a recently 
developed instrument for nondestruc- 
tively measuring the thickness of oxide 
coatings on aluminum and have offered 


'to make their findings availaMe to .the 
subcom.mittee at an early ' date. Fur- 
ther tests of the instrument will be con- 
ducted by The subcommittee .if these 
preliminary data appear to vrarrant them. 

Subcommittee VII on Codification of 
Light Alloys (I. V. Williams, chairman). 
— As .pointed out' earlier in, thiS' report, 
certain difficulties in applying the pro- 
posed code system for magnesium alloys 
have been encountered and a minor 
change in the system has been proposed. 
Some adverse comment on the present 
code system for aluminum alloys also 
has been received and discussions are 
in progress to determ.ine whether ac- 
ceptable modifications can be . worked 
out. In addition, the subcommittee has 
been asked to develop, if possible, a code 
system to designate the commonly used 
heat treatments for both aluminum and 
magnesium alloys and is in the midst of a 
study of this problem. 

This report has been submitted to a 
letter ballot of the committee, which 
consists of 66 members; 39 members re- 
turned their ballots, of whom 33 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

D. L. Colwell, 
Chairman. 

J. J. Bowman, 

Secretary. 


Editorial Note 


Subsequent to the Annual Meeting, Committee B-7 presented to the So- 
ciety through the iVdministrative Committee on Standards the following 
recommendations: 

Nev) Tentative Specifications for: 

Magnesium -Base Alloy Extruded Round Tubing (B 217-46 T), and 

Aluminum-Base Alloys in Ingot Form for Use in the Manufacture of Castings (B 179 - 46 T) . 
Revision of Tentative Specifications for: 

Aluminum and Aluminum- Alloy Sheet and Plate (B 209 - 46 T), 

Magnesium-Base Alloy Sheet (B 90-46T), 

Aluminum for Use in Iron and Steel Manufacture (B 37 - 46 T), 

Aluminum-Base Alloy Sand Castings (B 26 - 46 T), and 
Aluminum-Base Alloy Permanent Mold Castings (B 108 - 46 T). 
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The new specifications B 217 were accepted as tentative on September 9j 1946. 
The other recommendations were accepted by the Standards Committee 
on November 6, 1946. The new and revised tentatives appear in the 1946 
Book of A.S.T.M. Standards, Part TB. 

At the same time the Standards Committee accepted the recommendation 
of Committee B -7 that the following tentatives be withdrawn: 

Teniaike Specifications for: 

Aluminum-Base Alloys in Ingot Form for Sand Castings (B 58 - 44 T), 

Aluminum-Base Alloys in Ingot Form for Permanent McldCastings 112 - 44 T), and 
Aiuminum-Base Alloys in Ingot Form for Die Castings (B 125 - 44 T). 


REPORT OF COMMITTEE B-8* 

ON 

ELECTRODEPOSITED METALLIC COATINGS 


Due to restrictions on traveling and 
the shortage of hotel accommodations, 
Committee B-8 on Electrodeposited Me- 
tallic Coatings held no meetings during 
1945. In lieu of committee meetings, 
the Advisory Committee met in Pitts- 
burgh, Pa., on March 2, 1945, to transact 
the necessary committee business and 
prepare the 1945 report which was subse- 
quently presented to the Society in New 
York, N. Y., on June 27, 1945. 

The membership of the committee now 
totals 89, of whom 36 are classified as 
producers, 11 as consumers, 41 as gen- 
eral interest members and one as con- 
sulting member. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, R. J. McKay. 

Vice-Chairman, K. G. Soderberg. 

Secretary, C. H. Sample. 

■ Recommendations Affecting 
Standards 

The committee recommends that the 
standard and tentatives under its juris- 
diction be continued in their present 
status without revision. 

The above recommendation has been 
submitted to letter ballot of the com- 
mittee, which consists of 74 voting mem- 
bers; 53 members returned their ballots, 
of whom 53 have voted affirmatively, 
0 negatively, and 0 marked their bal- 
lots ^ffiot voting.’’ 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


Activities ' of' ' Subcommittees 

Due to the fact that the majority of 
the committee members were occupied 
with urgent war activities, the subcom- 
mittees, with the exception of Subcom- 
mittee II, were relatively inactive during 
the past year. Such business as was 
required was carried on through corre- 
spondence by the subcommittee chair- 
men. 

Subcommittee II on Performance Tests 
(H. A. Pray, chairman) has continued 
its atmospheric exposure tests of electro- 
deposited lead coatings on steel. The 
results of inspections to date are sum- 
marized in Table I. 

The subcommittee has also started 
outdoor exposure tests at New York, 
N. Y., State College, Pa., Pittsburgh, 
Pa., and Kure Beach, N, C,, comparing 
the relative protective value of various 
copper-nickel-chromium coatings on high- 
carbon steel. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 74 voting members; 53 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

R. J. McKay, 
Chairman, 

C. H. Sample,; 

Secretary. 




TABLE I.— SUMMARY OF INSPECTION DATA ON THE ATMOSPHERIC EXPOSURE TESTS OF ELECTROPLATED LEAD COATINGS {.ConcXuded^ . 




REPORT OF COMMITTEE B-9^ 

ON 

METAL POWDERS AND METAL POWDER PRODUCTS 


This report covers the activities of 
Comioittee B-9 on Metal Powders and 
Metal Powder Products for the period 
from June, 1944, to June, 1946. During 
this time, two meetings were held: in 
Pittsburgh, Pa., on February 28, 1945, 
and in Chicago, 111., on February 27 and 
28, 1946. 

A special subcommittee on regulations, 
appointed at the February, 1944, meet- 
ing of Committee B-9, consisted of B. T. 
duPont, P. R. Kalischer, and A. B. 
Gibson. A final draft, prepared by the 
subcommittee, was submitted on Sep- 
tember 30, 1944, to letter ballot of the 
committee which consists of 51 members; 
30 members returned their ballots, of 
whom 28 have voted affirmatively, 0 
negatively, and 2 members marked their 
ballots “not voting.’’ 

A temporary advisory committee con- 
sisting of F. N. Rhines, R. P. Eoehring, 
D, 0. Noel, W. R. Toeplitz, and W. A. 
Reich w^as appointed at the February, 
1944, meeting of Committee B-9 and 
served until a permanent advisory com- 
mittee was elected in December, 1944, in 
accordance with the new regulations to 
serve until the next election which was 
held in the spring of 1946. W. A. Reich 
and W. R. Toeplitz were reappointed 
chairman and secretary, respectively, at 
the February, 1945, committee meeting 
to serve until the next election in the 
spring of 1946. The advisory committee 
for the year of 1945 consisted of W. A. 
Reich, W. R. Toeplitz, R. P. Koehring, 


P. E. Weingart, A. Squire, F. N, Rliines 
and B. T. duPont. 

The following slate of officers was 
proposed at the June, 1946, meeting of 
Committee B-9 by the nominating com- 
mittee and unanimously elected to serve 
for the ensuing term of two years: 

Chairman, W. A. Reich. 

Vice-Chairman, B. T. duPont, 

Secretary, W. R. Toeplitz. 

Advisory Committee: P. E. Weingart, 

0. W. Ellis, M. F. Judkins, A. 

Squire. 

Recommendations Affecting 
Standards 

The committee recommends that the 
following four new methods be accepted 
for publication as tentative, as appended 
hereto;^ 

Tentative Methods of: 

Test for Flow Rate of Metal Powders, 

Sieve Analysis of Granular Metal Powders, 
Test for Apparent Density of Metal Powders, 

and 

Sampling Finished Lots of Metal Powders. 

These four recommendations have 
been submitted to letter ballot of the 
committee, which consists of 51 mem- 
bers, 32 members returned their ballots, 
of whom 27 have voted affirmatively, 0 
negatively, and 5 members marked their 
ballots “not voting.” 

Activities of Subcommittees 

Subcommittee I on Nomenclature and 
Technical Data (F. N. Rhines, chairman) 


1 These methods were accepted as tentative by the 
Presented at the Forty-ninth Annual Meeting of the Society and appear in the 1946 Book of A.S.T.M. Stand- 
Society, June 24-28, 1946. ards, Fart I-]S. 
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been actively engaged in the forma- 
tion of a glossary’* of terms used in powder 
metallurgy and at present has obtained 
general agreement on about 65 terms. 
It is expected that a rather complete set 
of definitions wdll be made made avail- 
able in the next year for the use of the 
committee,' and' the powder metallurgy 
industry,. , This subcommittee has been 
cooperating closely with the American 
Society for Metals in this phase of its 
work. 

Subcommittee I also is presently en- 
gaged in a program to standardize on a 
tension test bar for use in the field of 
powder metallurgy, B. T, duPont is 
coordinator of this work. Two ques- 
tionnaires have been sent out to a repre- 
sentative group of about 60 metal powder 
producers, parts producers, fabricators, 
consumers, and general interests. Re- 
sponse to these questionnaires was very 
gratifying and it is expected that definite 
recommendations to Committee B-9 will 
be forthcoming before the end of 1946. 
This work has been closely coordinated 
with the Section on Tension Testing of 
Committee E-1 on Methods of Testing. 

At the February, 1946, meeting of 
Committee B-9, it was decided that all 
standards developed by the subcommit- 
tees or sections would be approved by 
Subcommittee I from the standpoint of 
nomenclature before being submitted to 
committee letter ballot. 

Subcommittee II on Metal Powders (D. 
0. Noel, chairman) prepared the four 
new methods mentioned earlier in the 
report which are being recommended for 
publication as tentative. 

This subcommittee has three sections 
now working on the foEowing problems: 

Section 1 on Compressibility of Metal 
Powders (F. V. Lenel, chairman) is work- 
ing closely with the Metal Powder Asso- 
xiation on the establishment of' a satis- 
factory test for compressibiEty. 


Section 2 on Subsieve Particle Size (J. 
Sachse, chairman) is discussing the use , 
of the Roller air analyzer as a standard 
measuring instrument ,for metal powders 
substantially over 10 microns in particle 
size and is also considering microscotoic 
methods for powders under TO microns, 
in particle size. 

Section 3 on Chemical "Analysis has , 
recognized the use so far as possible, of' 
standard A.S.T.M, methods of chemical 
analysis. Committee E-3 on Chemical 
Analysis of Metals is being asked for as- : 
sistance on special .methods , for use in 
powder metallurgy covering (i) oxygen 
content or “hydrogen ioss,/^ (Z) total iron 
in iron powder, and (J) insoiiibie content 
of metal powders; 

Subcommittee II has sponsored a short 
article by D. 0. Noel on the Hall Flow- 
meter which is the apparatus to be used 
in the apparent density and flow tests 
mentioned above. This article appears 
in the i^ppendix to this report. 

SubcommiUee III on Metal Powder 
Products (R^ P. Koehring, chairman) is 
divided into five sections, whose activi- 
ties are as follows: 

Section 1 on Bearings (D. S. Urquhart, 
chairman) has been actively engaged in 
the preparation of specifications for oil 
impregnated porous bearings made from 
metal powders which resulted in the 
Tentative Specifications for Metal Pow- 
der Sintered Bearings (Oil Impregnated) 
(B 202 ~ 45 T).^ This section is now en- 
gaged in a program aimed at developing 
a standard list of bearing sizes for the 
use of the industry. This wiE require. 
considerable amount of work on press- 
fit allowances and running tolerances for. 
various types of applications In which 
porous- bearings are used. This prelim- 
inary phase of the work .is under way. 
Consideration is being given^ to the 


®1945 Supplement to Book of A.S.T.M. Standards^, 

Part I. 
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drafting' of a publication on recom- 
mended applications for such bearings. 

'■ Section' 2 on Structural Parts (F. V. 
Lenel, chairman), has held extensive dis- 
cussions on the subject of specifications 
for structural parts made from metal 
powders. In order to tackle more effec- 
tively the many problems confronting 
it, two study groups have been formed. 
A group of producers of structural parts 
is attempting to analyze and suggest 
solutions for the producer problems en- 
tering standardization. In the same 
way a consumer group is studying con- 
sumer problems. 

At the present time, there is no 
standardization as to alloy compositions 
from which structural parts are made. 
The consumers of such parts have not 
indicated any outstanding preference for 
any particular composition . This makes 
the adoption of standard compositions a 
difficult problem. 

The use of a separately produced test 
bar for acceptance purposes on strength 
is not generally feasible because of the 
variations in density within an intricate 
part. For this reason, acceptance tests 
based on service requirements on the 
individual part are being considered. 

Section 3 on Cemented Carbides (M. 
F. Judkins, chairman), has three working 
subgroups on the following problems: 
(i) Transverse rupture test, (2) Hard- 
ness test, and (J) Analysis and grain size 
determination. 

Other matters under consideration are 
methods of inspection for flaws and simu- 
lated service tests for cemented carbide 
parts. This section is working with the 
American Standards Association and 
other industrial groups. 


Section 4 on Electrical Parts (A. B. 
Gibson, chairman), has two working 
groups; one studying magnetic test meth- 
ods for pressed and sintered pole pieces 
and the other studying electrical con- 
tacts made from metal powders. The 
former group has prepared a magnetic 
test method for pole pieces which is being 
submitted to Committee B-9 for letter 
ballot. This method will be forwarded 
to Committee A-6 on Magnetic Prop- 
erties for review. 

The group on electrical contacts is 
studying the possibility of electrical re- 
sistance, hardness, and density tests, 
particularly for the precious metals. 
Because of the small sizes of such con- 
tacts it is thought that special methods 
will have to be evolved for these ma- 
terials. 

Section 5 on Friction Materials (J. R. 
Nurney). — It is generally felt by the 
members of this section that it is too 
early for standardization activities in the 
field of friction materials. . The section 
will, however, continue as a medium for 
exchange of information on these ma- 
terials with a view to engaging in 
standardizing work as soon as it becomes 
advisable. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 51 members; 27 members re- 
turned their ballots, of whom 23 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

W. A. Reich, 
Chairman. 

W. R. Toeplitz, 

Secretary. 
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war-time travel restric- 
tions, Committee C-1 on Cement held 
two well-attended meetings during the 
past year: one in Washington, D. C., in 
October, 1945, and one in Pittsburgh, 
Pa., in February, 1946. 

The committee lost the services of two 
of its long-time officers in late 1945. 
P. FI. Bates, retiring from active work, 
resigned from the chairmanship of Com- 
mittee C-1, a post that he had held for 
16 yr. He had been an active member 
of the committee for a long time. The 
committee records with sorrow the death 
of Charles F. Conn in December, 1945. 
Mr. Conn had been a member of Com- 
mittee C-1 for many years, and had long 
served very faithfully as a vice-chairman. 

Considerable subcommittee work had 
been maintained throughout the last two 
years, and a number of recommendations 
affecting standards were made by the sub- 
committees during the past year. Some 
of the recommendations were submitted 
to the Society for interim consideration 
by the Administrative Committee on 
Standards; other recommendations are 
presented herewith for consideration at 
the Annual Meeting. Subcommittee 
work is being continued. 

The Working Committee on Methods 
of Chemical Analysis (W. C. Hanna, 
chairman) completed a study of the 
Proposed Method for Determining Darex 
Air-Entraining Agent in Portland Ce- 
ment. Seven laboratories participated 
in the work, as follows; California Port- 
land Cement Co.; Central Concrete 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24--28, 1946. 


Laboratory, W’^ar Department; Dewey & 
Almy Chemical Co.; Lehigh. Portland 
Cement Co.; Portland Cement Assn.; 
U. S. Bureau of .Reclamation; Unive.rsal 
Atlas Cement Co. ■ The method was re- 
vised by the subcommittee and was 
submitted by Committee C-1 to the 
Society as mentioned later in this report. 
The subcommittee has made some prog- 
ress in planning a cooperative investi- 
gation of methods for determining the 
titanium oxide content of portland ce- 
ment. Preliminary trials of tw^o pro- 
cedures are in progress and a survey is 
being made of the TiOs content of vari- 
ous Portland cements. The subcom- 
mittee has cooperated with the Com- 
mittee on Cement of the Federal 
Specifications Board in an effort to 
promote uniformity between the Federal 
and the A.S.T.M. methods of chemical 
analysis of cement. 

The W'orking Committee on Strength 
(G. L. Lindsay, chairman) continued its 
studies of questions related to the meth- 
ods of test for compressive strength of 
mortars. An extensive series of cooper- 
ative tests on six cements by six labo- 
ratories was but recently completed. 
The scope of that investigation is pre- 
sented in Appendix I to this report. At 
the last meeting of Committee C-1, 
Clayton L. Davis, on behalf of the' sub- 
committee, presented a detailed prelim- 
inary report on the results of the investi- 
gation. The final report will be available 
to the committee members at an early 
date. 

The Sponsoring Committee on Blended 
Cements (R. E. Roscoe, . chairman) is 
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now engaged in the study of specifica- ' 
tions for portland-pozzuolana cement,, 
and is , considering questions relating to 
Portland blast-furnace slag cement for 
which tentative specifications were ac- 
cepted by the Society during the year. 

The Working Committee on Sulfate 
Resistance (D. G. Miller, chairman) 
completed a cooperative study of the 
lean mortar bar test as a measure of the 
sulfate resistance of portland cements. 
Six laboratories participated in the tests 
on ten cements. The scope of the work 
and the results of the tests are presented 
in considerable detail in Appendix II to 
this report. The method of making the 
lean mortar bar test that was used in 
that study is presented in Appendix III 
to this report. At this time the method 
is published as information only. 

The Working Committee on the Ef- 
fects of Alkalies in Portland Cement on 
the Durability of Concrete (R. F. Blanks, 
chairman) has continued its work, and 
recently reported to Committee C-1 the 
results of a cooperative study of the 
dependability and reproducibility of the 
mortar bar expansion test when incorpo- 
rating the active aggregate in combina- 
tion with cements of various alkali 
contents. The ten laboratories listed 
below participated in the tests of five 
aggregates and six cements. The total 
alkali contents of the cements varied 
from 0.16 to 1.37 per cent. The sub- 
committee report included the results of 
expansion measurements up to 52 w^eeks. 
Also presented was additional material 
to supplement the subcommittee’s bibli- . 
ography on this subject. The labora- 
tories were as follows: 

California Division of Highways, T. E. 
Stanton, 

D. S. Bureau of Reclamation, R. F. Blanks, 

. California Portland Cement Co., W. C. 
Hanna, 

Alpha Portland Cement Co., Louis Anderson, 

Washington State Department of Highways, 
Bailey Tremper, 


Central Concrete Laboratory, War Depart- 
ment, C. E. Wuerpel, 

National Bureau of Standards, P. H. Bates, 

Portland Cement Assn., F. R, McMillan, 

Public Roads Administration, F. ,H. Jack- 
son, and 

New Jersey State Highway Dept., -F. H. 
Baumann, 

The Working' Committee on Volume' 
Change and Soundness of Portland Ce- 
ment (H. F. Gonnerman, chairman) has 
been assembling a large amount of data 
from current investigations on volume 
change and soundness of cements. A 
paper on *'The Influence of Gypsum on 
the Hydration and Properties of Port- 
land Cement Pastes”^ was prepared by 
William Lerch, and the subcommittee 
had been studying the effect of gypsum 
content on the properties of cements and 
the concretes made with them. Later, 
the available data on the effects of the 
SO3 content of cement were studied 
jointly by this subcommittee and by the 
Sponsoring Committee on Portland Ce- 
ment. The action resulting from that 
study is related later in this report. 

The Sponsoring Committee on Port- 
land Cement (C, E. Wuerpel, chairman) 
continued its work. Jointly, with the 
Working Committee on Volume Change 
and Soundness, it studied the question 
of effect of varying amounts of SO3 
content in portland cement. Later, the 
Sponsoring Committee proposed changes 
in the specification maximum limits for 
SO3 content, and those changes are em- 
bodied in recommendations made by 
Committee C-1 elsewhere in this report. 
The subcommittee also submitted other 
proposals, leading to recommendations 
by Committee C-1 affecting Methods 
C 185 and C 183, and also Specifica- 
tions C 175. 

A new subcommittee was recently 
appointed by Committee G-1 to study 
the subject of SO3 in cement, and it will 

s Seep. 1252. • 
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endeavor to .develop a, method of, test' 
for the optimum SO3 content for indi- 
viduar cements, which end cannot be 
achieved simply by a specification maxi- 
mum percentage limitation. The sub- 
committee personnel is as follows: H* S. 
.Meissner (chairma,n), H. K. Cook, W. J. 
McCoy, Bailey Trem,per, H. F. Gonner- 
man, and G. L. Lindsay. 

No changes are being offered at this 
time either in the Tentative 'Specifica- 
tions for Masonry Cement (C 91 - 44 T), 
or in the Tentative Method of Test for 
Heat of Hydration of Portland Cement 
(C 186”44T), and the committee rec- 
ommends that those two tentatives be 
continued as tentative without change. 

The Working Committee on Additions 
(H. J. Gilkey, chairman) arranged for a 
series of tests on a certain material that 
had been submitted to Committee C-1 
as a grinding aid for consideration under 
the specification provisions governing the 
additions to portland cement. The tests 
are being made by the Cement Reference 
Laboratory, 

The Subcommittee on Cement Refer- 
ence Laboratory (G. E. Warren, chair- 
man) continued its attention to matters 
relating to the work of that laboratoiy, 
especially to the question of increasing 
the scope of the laboratory's work. De- 
velopments in the cement and concrete 
testing fields gradually led to the thought 
that the Reference Laboratory’s work 
should be increased to include details 
involved in the compression tests of con- 
crete cylinders. The additional work 
would include the verification of com- 
pression testing machines up to 200,000 
lb. instead of only 100,000 lb. as at 
present, the inspection of moist rooms, 
capping procedure, etc. The subcom- 
mittee reported favorably on this pro- 
posal, and Committee C-1 recommends 
to the Society that the work of the 
Cement Reference Laboratory be so en- 


larged. This proposed. .extension., of the 
■work- is necessa.,ri!y conditional on secur-. 
ing additional funds and personnel, and 
is also' closely interwoven with^ the, work 
of Committee C~9 on Concrete . and 
Concrete Aggregates. The . latter, com- 
mittee has approved the plan .in princ.iple,. 
and the m,atter is now, the .subject 'mf 
joint 'Study by Committees C-9 and. G-L 
The ■Reference Laborato-ry: made, .-in- 
spections at 35 cement laboratories, 
practically comp,leting the eighth inspec- 
tion tour. That tour had been con- 
ducted during the war at a slower rate 
than usual. Considerable progress has 
been made on the series of, tests for the 
Working Committee on Additions. The 
Reference Laboratory participated in the 
series of cooperative mortar tests spon- 
sored by the Working Committee on 
Strength, and devoted considerable time 
to studying variables in miscellaneous 
tests. Attention was given to editorial 
matters relating to cement standards 
and the activities of Committee C-1. 
The Laboratory also cooperated with 
groups and individuals interested in the 
improvement and standardization of ce- 
ment tests. 

.New Tentatives 

During the year, -the committee sub- 
mitted three proposed tentatives for 
consideration by the Administrative 
Committee on Standards. Those three 
proposals were accepted for publication 
as tentative and were as follows: 

Tentative '.Specifications for For tland-B last. 

Furnace Slag Cen^ent (C 205- 46,T),^ 
Tentative Method of Test for Fineness , of Port- 
land 'Cement by the Air-Permeability Ap- 
paratus (C 204 - 46 T),^ and 
Tentative Method for Determining Darex Air- 
Entraining Agent in Portland Cement* (to be 
included as part of Tentative Methods 
C114-44T). 


2 1946 Book of A.S.T.M. Standards, Part II. 
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The material for these three tentatives 
had originally been published as informa- 
tion in appendices to the 1944 Annual 
Report^ of Committee C-1. Some re- 
\dsions were made when submitting them 
to the Society for publication as tenta- 
tive. The results of the letter ballot vote 
in Committee C-1 and the date of accept- 
ance of these three recommendations by 
the Standards Committee are given in 
Table L , , ' 

I. Revisions of Tentatives 

Proposed revisions of two tentatives 
were also submitted to the Society during 
the year, and were accepted by the 
Standards Committee as follows: 

Tentative Specifications for Air-En- 
training Portland Cement (C 175 ~ 46 T).^ 
The earlier tentative was modified as 
follows: The words restricting cement for 
use in pavements were deleted from the 
scope and title. The permissible limits 
on air content of the standard mortar 
were raised from 14 zb 4 per cent to 
16 zb 4 per cent. From the section on 
packaging and marking there was de- 
leted the requirement that the presence 
of an acceptable interground addition 
be indicated on the package. The com- 
mittee now^ recommends the immediate 
adoption of the following further revision 
in C 175 - 46 T: Revise Table I by add- 
ing a footnote providing that the maxi- 
mum limit for SO 3 content for Type lA 
Cement be 2.5 per cent when the C 3 A 
content is greater than 8 per cent. This 
recommendation is based on data men- 
tioned earlier in this report in the re- 
marks about the Working Committee on 
Volume Change and Soundness, and the 
Sponsoring Committee on Portland Ce- 
ment. The letter ballot vote on and 
date of acceptance of this recommenda- 
tion are shown in Table L 

Tentative Method of Test for Air Con- 

2 Proceedings, Am. Sac. Testing Mats,, Vol. 44, p. 306 
(1944). 


tent of Portland-Cement Mortar (C 185 - 
46 T).2 — During the year the committee 
submitted to the Society a recommended 
revision of the requirements for the 
Bumiister mortar flow trough that is 
used in this method. The interim pro- 
posal was designed to promote stand- 
ardization in an apparatus that is being 
increasingly used, and the revision was 
accepted by the Administrative Gom- 

TABLE I.— RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE ON STAND- 
ARDS, INCLUDING RECORD OF LETTER BALLOT 
VOTE.® 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

New Tentathe Specifications for: 
Portland-Blast Furnace Slag Ce- 
ment (C 205 -46T), accepted 
January 24, 1946. 


0 


New Tentative Methods of Test for. \ 
Fineness of Portland Cement by 
the Air-Permeability Appara- 
tus (C 204 ~46T), accepted 
January 24, 1946 

66H ’ 

0 

i 

Determining Darex Air-Entrain- 
ing Agent in Portland Cement 
(To be included as part of 
C 114 - 44 T), accepted Febru- 
ary 6, 1946 

G2H 

0 

6H 

Revision of Tentative Specifica- 
tions for: 

Air-Entraining Portland Cement 
(C 175 - 46 T), accepted Janu- 
ary 24, 1946: 

Section on Scope 

6014 

4' 

4M 

Method for Adding Resin 

SSH 

1 

9M 

Air Content Limits for Mortar 

S9H 

1 

BVs 

SH 

Packaging and Marking 

61)4 

2 

Revision of Tentative Method of 
T est for: 

Air Content of Portland-Cement 
Mortar (C 185 - 46 T), accepted 
January 24, 1946 

60M 

1 

m 


“ Committee had 76 net voting members during this 
ballot. 


mittee on Standards, as shown in 
Table L 

11 . Revisions of Standards, 
Immediate Adoption 

The committee recommends for im- 
mediate adoption revisions in the fol- 
lowing two standards and accordingly 
asks for the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these recommendations may 
be referred to letter ballot of the Society : 
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Standard Spedfwations ■ far' Portland 
Cement (C 150 - 44)/^ — Earlier in this ■ 
report reference was made to the data 
on 'SOs content of Portlaiid cement. 
Based on that data,, the committee 
recommends for immediate adoption the 
revision of Table I by the addition of a 
footnote providing that the maximum 
limits for SOg content of types I and III 
cements, now 2.0 and 2.5 per cent,, re- 
spectively, be 2.5 and ,3.0. per cent, 
respectively, when the C 3 A content is 
greater than 8 per cent. 

. The committee also recommends the 
immediate revision of Section 9{h) by 
the insertion of reference to retesting in 
cases of local storage, the revised para- 
graph to read as foIlow^s: 

Q}) Cement reniainirig in bulk storage at the 
mill prior to shipment for more than six months, 
or cement in bags in local storage in the hands 
of a vendor for more than three months, after 
completion of tests, may be retested before use, 
and may be rejected if it fails to conform to 
any of the requirements of these specifications. 

Standard Method of Sampling Hy- 
draulic Cement (C 183 - 44). — Com- 
mittee C-1 recommends the following 
revisions for immediate adoption : 

Sections 3 and 4. — Combine these two 
sections and change to read as follows, 
renumbering the subsequent sections 
accordingly: 

3. Sampling. — ^The cement may be sampled 
by any of the methods described in the fol- 
lowing Paragraphs (a) to [d) : 

{a) From the Conveyor Delivering to Bulk 
Storage.— One sample of 4 lb. or more shall 
be taken from at least each 2000 bags passing 
over the conveyor, except that the sample 
shall not represent more than 6 hr. of cement 
production. This may be secured by taking 
the entire test sample at a single operation, 
knowm as the “grab method,” or by combin- 
ing several portions taken at regular inter- 
vals, known as the “composite method.” 
When obtaining a composite sample, it shall 
be secured by combining approximately equal 

4 ,1944 Book of A.S.T.M, Standards,. Part II. 


■ w'eights 'of the cement taken at regular inter- 

■ vals, each . portion representing , approxi.mately 

■ 40 bags. Automatic samplers may be. used . 
.in obtaining samples. 

{b) From B-idk Storage at Points of Dis- 
charge. — Sufficient cement shall be ■ drawn 
from the discharge openings to obtain sam- 
. pies representative of the . cement as deter- 
mined by the appearance at the discharge 
openings of indicators placed on . the surface 
of the cement di,rectiy above these openings 
before the ffiawing of the cement is. started. 
One 4-lb. sample shall be taken for at least 
each 2000 bags, by either the “grab” or 
“composite” method as described in Para- 
graph (a). 

(c) From Bulk Storage by Means ' of Proper 
Sampling Tubes. — 'When the methods de- 
scribed in Paragraphs (a) and (b) cannot be 
applied and -when the depth of the cement 
to be sampled does not exceed 10 ft., samples 
may be obtained by proper tubes inserted 
vertically to the full depth of the cement. 
Samples so taken shall be obtained from 
points well distributed over the area of 
storage. 

(d) In all other cases, samples shall be 
taken from each 50 bags or portion thereof 
in the lot and combined to form test samples. 
In the case of samples from trucks where the 
cement is being trucked from one mill, it is 
permissible to combine the samples from 
several trucks to form a test sample repre- 
senting not more than 2000 bags. When 
bulk shipments are sampled, representative 
samples shall be taken from well-distributed 
points. 

III. Adoption of Tentative as 
Standard 

Tentative Methods of Chemical Analysis 
of Portland Cement (C114“44T).^ — 
Sections 2 to 10 of these chemicai meth- 
ods have now stood for a considerable 
time without serious criticism, and the 
committee recommends that those sec- 
tions be adopted as standard, and in- 
cluded in the Standard Methods of 
Chemical Analysis of Portland Cement 
(C 114 ~ 44). Those sections cover the 
following procedures: Rapid methods for 
sodium oxide and potassium oxide; 
method for sulfide sulfur; alternate 
method of rapid determination of sulfur 
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trioxide , by turbidimetry. It is recom- 
mended that Sections 11 to 13 (method 
for determining Vinsol resin in cement) 
be continued as tentative for another 
year. 


TABLE II.-ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Affirm- 

ative 

1 

Nega- 
tive 1 

Ballots 

Marked 

“Not 

Voting” 

I. Revision of Tentative 
Spec, for Air-Entraining Port- 
land Cement (C 175 - 46 T) . . . 

62H 

2 

6)4 

II. Revision of Standards, 
Immediate Adoption 

Spec, for Portland Cement 
(C 150 - 44): 

Revision of Table I 

62J4 

2 

7H 

Revision of Sec. 9(b) 

66M 

1 

04 

Sampling Hydraulic Cement 
(C 183 - 44).... 

64M 

0 

m 

III. Adoption of Tentative 
AS Standard 

Chemical Analysis of Portland 
Cement (C 114-44T), Sec- 
tions 2 to 10 only: ! 

Rapid Alkali Method 

5914 

0 

UH 

Sulhde Sulfur 

62H 

0 

9H 

Turbidimetric Method for SOa. 

604 

0 

lOH 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists 


of 83 voting members, with, the results 
shown in Table 11. . 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, F. H. Jackson. 

Vice-Chairman, W. H. Klein. 

Secretary, G. E, Warren. 

Six Members at Large of the Advisory 
Committee, 

H.D. Baylor R. E. Roscoe 

R. F. Blanks C. H. Scholer 

W.C. Hanna C. E. Wuerpel 

This report has been submitted to 
letter ballot of the committee, which 
consists of 83 voting members; 69 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 

F. H. Jackson, 
Chairman. 


G. E. Warren, 
Secretary. 


Editorial Note 

Subsequent to the Annual Meeting, Committee C-1 presented to the 
Society through the Administrative Committee on Standards a proposed ten- 
tative revision of the Standard Method of Test for Compressive Strength of 
Hydraulic Cement Mortars (C 109 -44). This tentative revision was ac- 
cepted by the Standards Committee on September 9, 1946, and appears in the 
1946 Book of A.S.T.M. Standards, Part II, p. 1701. 
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SCOPE OF COOPERATIVE TESTS OF CEMENT MORTARS SPONSORED 
BY THE WORKING COMMITTEE ON STRENGTH 


Standardization of Flow Tables, — -Be- 
cause of the variations in design, mount- 
ing, and method of operation of the 10- 
in. flow table, a means of standardization 
was tried. Detailed instructions for pro- 
cedure were furnished. A sample of pul- 
verized limestone was distributed to the 
laboratories for use in preparing the mor- 
tar to be used in the standardization. 
The mortar consisted of 525 g. of pulver- 
ized limestone, 1350 g. of graded Ottawa 
sand, and 230 ml. of mixing water. 

Mixing of Mortars.-j'Vd^iidJiioTis in the 
method of preparing the mortars used 
in testing the cements included hand 
mixing, mechanical mixing, and ^‘rubber 
balF' mixing. 

Molding , — ^The molding methods in- 
cluded the procedure described in the 
Standard Method of Test for Compres- 
sive Strength of Hydraulic-Cement Mor- 
tars (C 109 -44),^ together with studies 
of effects of variations in tamping, and 
variations in the mixing, flow, and 
molding schedules, 

A ir Content of Mortars , — Three rounds 
of tests, one each on a different day, 
were made under each of four conditions: 

(i) Tentative Method of Test for Air 
Content of Portland-Cement 
Mortar (C 185 - 44 T),^ using 
the.Burmister flow trough. 


" 1944 Book of A.S.T.M. Standards, Part. II. 


(2) Method C 185, but ' using ' the 

amount of water that would 
produce a flow between 90 and 
110 per cent on the lO-in, flow 
table, when the table is dropped 
from a height of J in., 10 times 
in about 7 sec. 

(3) Method C 185, except using rub- 

ber ball mixer. 

(4) Method C 185, except preparing 

mortar with a mechanical mixer 
of revolving blade type. 
Miscellaneous , — Premature stiffening 
tests on cement; check of grading of the 
Ottawa sand; study of cube molds; data 
on the compression testing machines, 
mixing bowls, and flow tables. 

Cements . — Six cements^ were used, as 
follows: Type I, type lA with air content 
of about 12 per cent in standard mortar, 
type lA with about 16 per cent in the 
standard mortar, type II, type IIA, and 
type III. 

Laboratories.— Tht following six labo- 
ratories participated in the tests: 

Central Concrete Laboratory, U. S. Army, 
Corps of Engineers, 

National Bureau of Standards, 

Portland Cement Association, 

Public Roads Administration, 

U. S. Bureau of Reclamation, and 
Universal Atlas Cement Co. 


2 Requirements for types I, II, and III are given in 
the Standard Specifications for Portland Cement (C 150 - 
44). and for types lA and IIA in the Tentative Specifi- 
cations for Air-Entraining Portland Cement (C 175 -44 T), 
1944 Book of A,S.T.M. Standards, Part II. 
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REPORT OF WORKING COMMITTEE ON SULFATE RESISTANCE 
Based on the 1945 Lean Moetar Bar Tests 


This report covers the 1945 lean mor- 
tar bar tests which were made by the 
following cooperators; 

California Highway Department, Sacra- 
mento, Calif., 

Central Concrete Laboratory, XJ. S. Army, 
Corps of Engineers, Mt. Vernon, N. Y., 

Cooperative Laboratory, University Farm, St. 
Paul, Minn., 

Pennsylvania-Dixie Cement Corp., Naza- 
reth, Pa., 

Portland Cement Association, Chicago, III., 
and 

Public Roads Administration, Washington, 
D. C. 

NOTE.—The laboratories are not listed in the 
same order in which they appear in the tables. 

This work is a continuation of the 
lean mortar bar tests reported in 1943 
and 1944 and published in 1945/ which 
tests were based on work of the follow- 
ing organizations; 

California Highway Department, Sacra- 
mento, Calif., 

California Portland Cement Co., Colton, 
Calif., 

Cooperative Laboratory, University Farm, 
St. Paul, Minn., 

National Bureau of Standards, Washington, 
D..G.,and 

Portland Cement Association, Chicago, 111. 

Chemical analyses and other essential 
data of the 1945 tests are shown in 
Tables I and II. Results of the lean 
mortar bar tests from all laboratories 


1 Report on Comparative Short-Time Tests for Sul- 
fate Resistance of 121 Commercial Cements. Prepared 
by Dalton G. Miller^ and Charles G. Snyder as a Report of 
the Working Committee on Sulfate Resistance, Appendix 
III, Report of Committee C-1, Am. Soc. Test- 
ing Mats., VoL '45,, p. 165 (1945). . . ■■■ ■■ 


have been grouped in Tables III, IV, 
and V. 

The laboratory temperatures and rela- 
tive humidities at the time of fabrica- 
tion of the lean mortar bars were 
reported by each of the six cooperating 
laboratories as follows: 


Laboratory 

Temperature, 
deg. Fabr. 

Relative 
Humidity, 
per cent 

A 

72 to 77 

30 to 59 

B 

68.5 to 71.5 

98 to ICO 

C 

69 to 72.5 

66 to 83 

D 

73 to 77 

50 

E 


45 to '50 

F 

70 to 76 

36 to 66 


The following discussion refers par- 
ticularly to expansions of the bars at 42 
days although it is closely applicable to 
expansions at either 28 or 56 days. 

It will be noted that the bars from 
laboratory C expanded least while the 
bars from laboratory B expanded most. 
With the possible exception of the bars 
from laboratory B, no satisfactory ex- 
planation can be offered for variations in 
expansions reported by the six labora- 
tories. The weights of the bars from 
laboratory B averaged from 7 to 16 
g. lighter than the average of the bars 
from all six laboratories. This is shown 
by reference to Tables Til, IV and V. 
On the other hand, the bars from labora- 
tory F were heaviest but had just about 
average expansions. All of this may be 
reduced to the general observation that 
for the purpose of this test extreme care 
must be taken to eliminate lightweight 
bars from consideration. It so happens 
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.that, the bars from, laboratory B were 
made under, .generally accepted ideal 
laboratory conditions of ' : temperature 
and humidity for^ as reported, all speci- 
mens were fabricated in the moist, room ; 
temperature 70 ± 1| F., humidity 98 
to 100 per cent. The specimens were 
fabricated as well as cured. in the moist 
room,„in an effort to avoid any erratic 
results , which might.be attributable to 
variations in humidity and temperature. 
.Such being the case, the reason for the 
.bars from laboratory B averaging lighter 
in weight just about resolves itself into 
lack of compaction, due perhaps to some- 
what lighter thumbing than was used at 
the other laboratories, which in turn is 
reflected by greater expansions in the 
sulfate solutions. 

However, if the expansions of the 
bars from laboratory B are entirely 
eliminated from consideration, reference 
to the 42-day tests shows need for a 
more uniform routine for the lean mortar 
bar test because, as now applied, the 
test is relative rather than absolute. 
By this is meant that a given laborator}% 
with given cements, can do a pretty 
good job of rating the cements for 
sulfate resistance. The difficulty arises 
when an attempt is made to compare 
length changes obtained by different 
laboratories. Undue discrepancies -be- 
tween expansions of bars made at differ- 
ent laboratories were noted in a number 
of the tests made in 1943 and 1944, as 
previously reported/ and was the pri- 
mary reason for conducting the 1945 co- 
operative tests. 

One cause for discrepancies of bar 
expansions reported by different labo- 
ratories may be lack of temperature 
control for the solutions in which the 
bars are stored. Experiences in labo- 
ratory F indicate that in order to secure 
consistent readings temperatures must 
be maintained closely around 70 F. 
It is doubted that satisfactory repeat 


readings are possib,Ie if the temperature 
range exceeds about plus or minus 1| F, 

The 1945 . lean^ mortar tests were^ all. 
made in accordance, with the routine 
outlined in the 1943 report,b except at 
laboratories D and.F. At these;, two 
laboratories ail bars wem . thumbed ,\oii . 
top,: as the materials were placed,- and 
then thumbed on the reverse side .after 
turning over the molds. . It is believed 
that the practice of thumbing the .bars 
on the two sides is a de.fiiiite improve- 
ment in the original routine calling, for 
thumbing on . the one side; ■ At labora- 
tory F, the molds and m,aterials were 
placed on a 1000-ib. platform scale with 
the beam loaded to 20 lb. so that the 
pressures applied could be constantly 
checked and controlled. It was the 
practice to apply pressures with the 
thumbs until the scale beam clicked 
sharply as it reached the upper limit of 
swing, indicative of tamping pressures 
judged to be about 25 lb. This method 
of gaging and controlling the tamping 
pressures worked out quite satisfactorily 
although, in spite of all these precautions, 
some runs of bars were out of line with 
respect to weights and expansions in the 
solutions. 

Unfortunately, even after the 1945 
tests, the Working Committee on Sul- 
fate Resistance finds itself still unable to 
prescribe how ail discrepancies in the 
bars may be avoided, and because of this 
the following four lines of approach sug- 
gest themselves. 

1 . Make available to any laboratory 
limited quantities of a laboratory pre- 
pared cement to be used as a standard 
when testing cements for sulfate resist- 
ance. That this thought is not wholly 
iilusionary is borne out by the fact that 
cement No. ' 799 ' tested best of the 10 
cements at all 6 laboratories. Reference 
.to Table- 1 shows that cement No. 799 
was the only one of the 10 cements that 
fully- met: the requirements for type V 



280 


Report op Committee C-1 (Appendix II) 


cement of the ■ Standard Specifications 
■for' Portland Cement, (C . 150 - 44).^ 
Now, if there could be obtained a small 
quantity of a cement of known sulfate- 
resisting properties to be used in bars 
exposed along with the cements under 
test, then the lean mortar bar test, even 
as the bars are now made, would have 
definite and usable possibilities. It 
might even be feasible to use a com- 
mercial cement against which to check, 
providing agreement could be reached 
as to the qualifications for such a cement. 

2. Investigate the possibilities of me- 
chanical compaction of the materials as 
they are placed in the molds. Off- 
hand it would seem that it should not be 
too difficult to devise some means either 
by the use of mechanically operated 
tampers, by applying pressure over the 
top surface of the bars, or by vibrating 
the materials into place, perhaps in 
conjunction with tamping or pressure 
application. Together with any studies 
of mechanical compaction of the mate- 
rials in the molds, thought should also 
be given to improved standardization of 
mixing practices because, conceivably, 
some of the trouble now experienced 
with the lean mortar bars may be a 
reflection of improper mixing, somewhere 
along the line. 

. 3. Explore possibilities of improving 
the uniformity of the bars by using 
somewhat wetter mixes. It is doubted 
that this, by itself, will eliminate dif- 


2 1944 Book of A.S.T M. Standards, Part II. 


ferences between laboratories but merits 
consideration. 

4. Make provisions: for an operator, 
experienced in the inaking of lean mor- 
tar bars, to visit those , laboratories in. 
the United States that nominally have 
need for an acceptance test for sulfate 
resistance so that various operators 
could be instructed in the art of making 
uniform bars and in the various other 
details of the lean mortar bar test. It 
is strongly felt that a competent man 
could do much to bring about far greater 
uniformity in the results of the lean 
mortar test, even by the routine now 
generally followed. 

Respectfully submitted on behalf of 
the Working Committee, 

Dalton G. Miller, 
Chairman. 

Note. — Since the preparation of the fore- 
going report, the University Farm laboratory 
has investigated the reproducibility of results 
when bars were molded under a pressure of 2000 
lb. (320 psi.) applied and held for 10 sec., first 
to the upper surface of the mortar, and then, 
after reversal of the mold, to the opposite 
surface. Using this method of compaction, 
companion specimens were molded and compari- 
sons made at each age with all of the specimens 
listed in Tables III and IV, except for cement 
No. 793. 

The pressure method of molding was con- 
sidered as much easier for the operator than was 
the thumbing of the bars, and was considered 
worthy of further study as a means of improving 
the reproducibility of procedure among different 
laboratories, 
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TABLE I.-CHEMICAL ANALYSES, CALCULATED COMPOSITION, AND MISCELLANEOUS TESTS O.F 10 
CEMENT STESTED FOR SULFATE RESISTANCE. 

Data from Laboratory D. 


Cement, 

Number 

Chemical Analyses, per cent 

Loss on 
Ignition, 
per cent 

Insoluble 
Resi'due, 
per cent 

SiOf 


FeaOs^ 

CaO^ 

MgO^ 

SO 3 

NasO 

K 2 O 

FeO 

Ti02 

PaOs: 

MnsOs 

789 

21.44 

4,13 

2.69 

62.82 

2.02 

1.86 

0.17 

0.50 

T. 

■0.24 

0.15 

0.69 

l.:72 

0.19 

790 

21.9! 

4.47 

3.24 

64.95 

1.54 

1.72 

0.18 

0.36 

T. 

0.24 

0.13 

0.14 

0.82 

0.16 

791 

22,12 

4.34 

2.99 

63.29 

2.96 

1,75 

0.19 

0.55 

0.04 

0.23 

0.14 

0.13 

0.9,2: 

0.13 . 

792 

,20.36 

5.07 

4.50 

61.88 

2. 68 

1.41 

0.15 

0.17 

0.15 

0.23 

0.03 

0,40 

1-82 

„0'.I2 

793 

21 .,11 

3.88 

3.34 

,65.87 

1.82 

2.26 

0.15 

0.26 

T. 

0.22 

0.10 

0.10 

0.91 

'■ ■■0.12 

794 ' 

20.99 

5:. 60 

3.24 

62.35 

3.06 

1.72 

0.35 

0.55 

T. 

0.31 

0.15 

0,30 

0-90 

0.18 ' 

795 

21.95 , 

5.18 ; 

2.11 j 

63.94 

1.11 

1.74 : 

0.05 

0.15 

1 0.04 

0.31 

0.13 

0.09 

1 .97 

, 0.23 

796 

21.07 : 

5.77 i 

2.37 I 

I 61.89 i 

2.64 

1.93 ' 

0.17 

0.88 

i 0.03 

0.27 

0.01 

■0.05 

1.57 

0,13 , 

797 

19.96 : 

6.71 1 

3. ,26. 

i 62.13 1 

2.24 

1.72 ! 

0.16 

0.27 

T. 

0.28 

0.03 

0 , 95 - 

1.33 

0.16 

799... 

24.79 

3.35 

3.75 

1 63.05 j 

1.40 

1.49 

0.34 

0.35 

I 0.03 

0.16 

1 0.09 

0.10 

■0.77 

0.08 


Cement 

Number 


789. 

790. 

791. 

792. 

793. 

794. 

795. 

796. 

797. 
799. 


Calculated Composition from Corrected 
O.xides, per cent 

Free 
CaO, 
per cent 

Chloroform- 
Soluble 
Matter, 
per cent 

Passing No. , 
325 S,ieve, 
per cent 

CsS 

C 2 S 

CsA 

C.iAF 

CaS04 

55.9 

19.4 

6.4 

8.2 

3.2 

0,29 

0.004 

96.1 

58.3 

18.9 

* 6.4 

9.9 

2.9 

0.07 

0.002 

91.0 

51.1 

24.9 

6.4 

9.1 

3.0 

0.07 

0.003 

91.4 

52.6 

1,8.7 

5,8 

13.7 

2.4 

1 0.93 

0.003 

I 90.8 

70.4 

7.4 

4.6 

10.2 

3.8 

! 0.04 

0.002 

1 99.5 

47.1 

24.7 

9.4 

9.9 

2.9 

0.24 

0.003 

8S.1 

.50.7 

24.7 

10.2 

6.4 

3.0 

1.14 

0.003 

1 ■ 85.8 

44,1 

27.2 

11.3 

7.2 i 

3.3 

1.28, 1 

0.002 

' 92.7 

46.5 1 

22.1 

12.3 

9.9 

2.9 

0.87 i 

0.004 

r 91.1 

36.1 

43 ! 9 

2.5 

11.4 

2.5 

0.11 

0.004 ! 

1 97.1 


Specific Surface 
iWagnerL 
?q. cm. per g. 


I860. 

1740 

1640 

1990 

2630 

1750 

1760 

16.50 

1870* 

1860 


“ Correcte''! for insoluble residue. 
® Corrected for Ti Ja and PcOs. 

^ Corrected for Fe3 as FeaOa. 

“ Corrected for Free CaO, 

® Corre-'ttd for MnaOs 
T Indicates a trace. 


TABLE II.-xAMOUNT OF MIXING WATER USED IN FABRICATION OF 1 : 5 .OTTAWA STANDARD SAND BARS 

MADE OF 10 CEMENTS. 


Note. — ^T he results reported are of 6 bars, 5 in. in net length, made at 6 cooperating laboratories. 



Normal Consistency 

Mixing Water, ml. 

Cement 













Number 



Laboratory 





Laboratory 




A 

B 

C 

D*^ 

E 

F 

A 

B 

C 


E 

F „, 

789.. ...... 

24.5 

24.0 

24.5 

24.5 

27.0 

24.5 

133 

132 

133 

263 

137 

133 

790. 

24-0 

23.6 

24.5 

24.5 

25.0 

24.5 

132 

131 

133 

263 

134 

133 

791. .... . .... 

23.5 

23.0 

23.0 

23.0 

24.5 

23.0 

131 

130 

130 

-m 

133 

130 

792. 

23.0 

23.6 

23.5 

23,5 

23.5 

23.5 

130 

131 

131 

260 

131 

131 

793 

27.0 

26.0 

26.5 

^25.25 

27.0 

26.0 

137 

135 

136 

265 

137 

, "135 

7 - 94 . 

23.5 I 

24.0 

24.0 

24.0 

24.0 

24.0 

131 ■! 

132 

132 

261 

132 ' ! 

132, 

795. . ....... 

23.5 ! 

23.6 

24.0 

24.0 

24.5 

24.0 

. 131 ! 

131 

132 

261 

133 

132. 

796. 1 

25.0 

26.0 

26.0 

25.5 1 

26.0 

26.0 

134 i 

135 

135 

! 266 

135 i 

- 1,35 

797 ■ . . 

23.5 

24.0 

24.5 

24.5 

24.5 

24.5 

131 i 

132 ' 

133 

263 

133 ' : 

133 

799. .... . . 

22.0 

23.0 

23.0 

23.0 

23.0 

23.0 

128 i 

130 

130 

, 258 

130,^ ^ 

130 


® Laboratory D used a double batch of mortar and made 12 bars from eadi batch. 
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TABLE III.-INGREASES IN EXPANSION AND ’WEIGHT OF 1:5 OTTAWA STANDARD SAND BARS MADE 
OF 10 CEMENTS, BARS STORED IN WATER, 

Xote.—Bars 1 t>y 1 in. with S-in. net length, stored for 56 days as indicated after curing 2 days in moist room and 5 
days in water. Bata from 6 cooperating laboratories. 


Laboratory 

No. i 
of 

Runs 

No. 

of 

Ears 

Bars Stored in Water and Measured at 7- day Intervals 

Griginal 

Weight, 

' g. 

1 Increase in 
Weight, , 

I , per cent. 

Expansion, per cent 

7 

days 

14 

days 

21 

days 

28 

days 

35 

days 

42 

days 

49 . 
days ! 

56 

days 

2 days 

28 

days 

56 

days 

Cement 789 

A ..! 

'3' - 1 

6 

-0.006 

0.001 

0.001! 

0.003 

0.0001 

0.003 

0.005 

0.003 

224 

0.42 

0.66 

B .J 

3 ■: 

6 

0.002 

0.003 

0.006! 

0.006 

0.006 

0.006 

0,006 

0.006- 

213 

0.60 

1.50 

C,... i 

3 , 

S 

0.011 

0.013 

O.OlSj 

0.014 

0.016 

0.017 

0.018 

0.019! 

220 

1.00 

1.32 

B... i 

2 

0 

0.007 

0.008 

0.009 

0.010 

0.010 

0.010 

0.010 

O.OIC 

219 

1.13 

1.58 

E ’ 

, 3 , 

■ 6 . ‘ 

-0.016 

-0.004 

0.000 

0.006 

0,002 

-0.002 

0.000' 

0.000 

220 

0.70 

1.60 

F 

■ 4 

,■ 6 

0.003 

0.007 

0.009! 

0.008 

0.009 

0.008 

0.008! 

0.010 

229 

1.67 

2.14 

Average.. 

0.000 

0.004 

0.006 

O.OOS 

0.007 

0.007 

0.008 

0.008* 

221 

0.92 : 

1.38 


Cement 790 


A...... 

3 

6 . 1 

-0.009| 

o.ooo! 

0,000 

-0.001 

0.000 

0.002 

0.006 

0.002 

222 

0.32 

1 0.55 ‘ 

B 

3 

6" ! 

0.003 

0.003 

0.004 

O.OOS 

0.005 

0.005 

0.005 

0.004 

212 

0.80 

1.50 

c ^ 

3 

6' ! 

o.oiol 

0.012 

0.011 

0.012 

0.013 

0.014 

0.015 

0.016 

220 

0.73 

0.95 

D 

2 

2 

0.001 

0.003 

0.005 

0.005 

0,005 

0.005 

0.005 

0.005 

223 

1.13 

1.35 

E i 

3 

6 

-0.002 

0.000 

0.000 

0.006 

G.004 

0.004 

0.004 

0.000 

218 

0,50 

. 1.50 

F ..i 

4 

6 

0.001 

0.008 

0.007 

0.008 

0.008 

0.008 

0.006 

0.011 

230 

1.16 

1.48 

Average . . . . 

........ 


O.QOl 

0.004 

0.005 

0.006 

0.006 

0.006 

0.007 

0,006 

221 , 

0.77 

1.22 


Cement 791 


A 

3 

. 6 

-0.002 

-0.003 

-0.001 

-0.001 

0.001 

0.002 

0,003 

0.001 

: . 221 

0.35 

0.61 

B 

3 

6 

0.001 

0.003 

0.004 

0.004 

O.OOS 

0.005 

0,005 

0.005 

208 

0.50 

1.20 

C 

3 

6 

0.005 

0.006 

O.OOS 

0.009 

0.009 

0.011 

0.012 

0.013 

219 

0.78 

1.10 

D 

. 2 

2 

0.005 

0.007 

0.008 

0.010 

0.010 

0.010 

0.010 

0.010 

^ 217 

1.35 

1.80 

E 

3 

6 

-0.004 

0.004 

0.004 

0.006 

0.004 

0.008 

0.006 

0.000 

220 

0.40 

1.30 

F 

4 

6 

0.005 

0.008 

0.010 

0.012 

0.012 

0.011 

0.012 

0.013 

228 

1.28 

1,54 

Average 

0.002 

0.004! 

0.006 

0.007 

0.007 

O.OOS 

0.008 

0.007 

219 

0,78 

1.26 


Cement 792 


A 

'3 . 

6 

-0.001 

0.005 

0.005 

0.002 

0.007 

0.009 

0.006 

0.007 

222 

0.47 

0,64 

B 

3 

6 

0.004 

0.004 

O.OOS 

0.006 

0.007 

0.007 

0.006 

0.006 

210 

0.80 

1.70 

C 

3 : ■■ 

6 

0.005 

0.G06 

0.009 

0.010, 

0.010: 

0.011 

0.012 

0.013 

221 

0.45 

0.63 

D. 

2 

2 

0.002 

0.004 

0.004 

0.004 

0.004 

0,006 

0.006 

0.006 

219 

1.13 

1.58 

E... 

3 

6 -1 

-0.002 

0.002 

0.006 

0.012 

0,010 

0.012 

0.008 

; 0,006 

222 

0.40 j 

1.20 

F 

4 

; 6 , j 

0.005 

0.009 

0.011 

0.010 

0.010 

0.011 

0.011 

0.014 

228 

1.97 

2.16 

Average....... 

0.002 

O.OOS 

0.007 

0.007 

0.008 

0.009 

0.008 

0.009 

220 

0.87 

1.32 


Cement 793 


A 

3 

6 

O.OCl 

0.002 

0.002 

0.002 

0.007 

0.012 

0.008 

0.006 

225 

0.29 

0.44 

B 

■ 3 ■ 

6 

0.001 

0.001 

0.002 

0.002 

0.002 

0.002 

0.000 

0.000 

211 

O.SO 

1.50 

C 

3 

6 

0.004 

0.006 

0.007 

0.007 

0.008 

0.009 

0,010 

0.012 

223 

0.58 

0.85 

B 

2 

2 

0.0Q6 

0.006 

0.006 

0.006 

0.006 

0,006 

0.006 

0,007 

, 224 

1.13 

1.35 

E..'. 

■ .3 ' 

6 

-0.002 

-0.002 

0.002 

0.006 

0.004 

0.006 

0,000 

-0.002 

222 

0.60 

1.10 

F 

. 4 

6 

0.003 

0.009 

0.009 

0.010 

0.012 

0.010 

0.006 

0.010 

231 

1.37 

1.51 

Average.., . .. ..... 

0.002 

0.004 

O.OOS 

0.007 

0.007 

0,008 

0.005 

0.006 

223 

0.74 

1.13 


Cement 794 


A 

3 

6 

-0.003 

-0.001 

0.001 

0.002 

0.006 

0.010 

0.009 

0.008 

: 223 

0.60 

0.94 

B 

3 

6 

0.002 

0,006 

0.006 

0.007 

0.007 

0.008 

0.008 

0.008 

211 ' 

1.00 

2.20 

C 

3 

6 

0.005 

0.008 

0.009 

0.009 

0.011 

0.013 

0.014 

0.016 

220 

0.82 

1,23 .. 

D 

2 

2 

0.004 

0.G04 

0.006 

0-006 

0.007 

0.007 

0.009 

0.010 

218 

1.58 

2.03 

E 

3 

6 

-0.002 

0.004 

0.004 

0.008 

0.008 

0.006 

0.006 

0.004 

219 

1.20 

1.80 

F 

4 

6 

0.002' 

0.009 

0.008 

0.008 

0.010 

0.010 

0.007 

0.012 

227 

2.09 

2.24 

Average 

0.001 

O.OOS 

0.006 

0.007 

0,008 

0.009 

0.009 

0.010 

220 

1.22 

1.74 
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Laboratory 


NO'. 

of 

Runs 


TABLE lll-Condud&d. 


Bars Stored- in Water and Measured at 7-day Intewais 1 

Original ' 
Weight, 

' S- , 

Increase in 
. Weight, 
per cent 

Expansion, per cent 

7 

days. 

^ 14 

days 

21 j. 28 35 42 49 56 

days j days days days days days 

2 days 

28 - 56 

-days days 


Cement 795 


A 

3 

6 

0.002 

0.001 

0.006 

0.006 

0,007 

0.009 

0.007 

0.010 

220 , 

0,53 

0,77 

B...... 

3 

6 

0.002 

0.003 

0.004 

0.007 

0.006 

0.007 

0.006 

0.005 

'211 

0.90 

1,80 

c. 

3 

6 

0.006 

0.008 

0.009 

0.010 

0.011 

0.012 

0.014 

0.016 

220 

0.77 

1.18' 

D.......... ... 

2 

2 

0.004 

0.004 

0.004 

0.004 

0.006 

0.006 

0.006 

0,006 

222 

i.l3.. 

1,35 

E.............. . 

3 

6 

-0.004 

0.008 

0.004 

0.010 

0,012 

0.008 

0.00.S 

0.008 

220 

0.70 

1.2-0 

F 

4 

6 ! 

0.006 

0.009 

0.010 

0.010 

O.OlO 

0.009 

0.005 

0.011 

227 

1.21 

1.32 , 

Average 

0.003 

0.006 

0.006 

0.008 

0.009 

0.009 

0,008 

0,009 

220 

0,87 

1.27. 


Cement' 796 


A............ 

3 1 

6 

;~0.001 

0.000 

0.000 

0.005 

1 0.007 

0.008 

0.007i 

0.008 

222 

0.62 

0.97 

B 

3 ! 

6 

0.002 

0.004 

0.004 

0.006 

0.006 

0.006 

O.OOSi 

0.005 

212 

0.90 

1,70 

C 

1, 3 ; 

6 

0.006 

0.007 

0.009 

0.010 

0.01.3 

0.014 

0.017, 

0.020 

219 

0.78 

1.14 

D 

2 ■' 

2 

0.002 

0.002 

0,002 

0.002 

0.002 

1 0.003 

0.003 

0.003 

217 

1.35- 

1.80 

E 

3 

6 

-0.004 

0.010 

0,004 

0.008 

0.008 

; 0.004 

0.0081 

0.006 

'217 

0.90 

1.60 

F. 

4 

6 

0.004 

0.008 

0.006 

0.007 

0.008 

0,009 

0.008 

0,010 

' 228 

1.32 

1.57 

Average ! 

0.002 

0.005 

0.004 

0.006 

0.007 

0.007 

0.008 

! 

0.009 

219 

0.98 

1.46 


CEirENT 797 


A 

3 

6 

-0.002 

-0.003 

0.000 

0.005 

0.006 

0.005 

0.009 

0.008 

221 

0.63 

0.89 

B 

3 

6 

0.003 

0.005 

0.006 

0.007 

0.007 

0.007 

0.007 

0.007 

210 

1,00 

2.10 

C 

3 

6 

0.005 

O.OOS 

O.OOS 

0.010 

0.013 

0.015 

0.017 

0.022 

221 

0.50 

0,72 

D. 

2 

2 

0,002 

0.003 

0.003 

0.004 

0.004 

0.006 

0.007 

0.007 

219 

1.35 

1.35 

E 

3 

5 

0.002 

0.018 

0.010 

o.ois 

0.010 

0.012 

0.010 

0.014 

220 

1.00 

1.60 

F ^ 

4 

6 

0.005 

0.008 

O.OOS 

0.011 

0.010 

0.009 

0.010 

0.014 

228 

2,44 

2.66 

Average. 

0.003 

0.007 

0.006 

0.009 

0.008 

0.009 

0.010 

0.012 

220 

1.15 

1.55 


Cement 799 


A 

3 

6 I 

0.001 

0.004 

0.003 

0.005 

0.007 

; 0.004 

0.009 

0.006 

223 

0.16 

0.56 

B 

3 

6 

0.003 

0.005 

0.006 

0.006 

0.006 

0.008 

0.007 

0.007 

212 

0.80 

1.60 

C.. 

3 

6 

0.006 

0.007 

0,009 

0.011 

0.013 

0.015 

0.01? 

0,022 

221 

0.54 

0.91 

D 

2 

2 

0.000 

0.000 

0.000 

0,001 

0,002 

0.002 

1 0.002 

0.002 

220 

1.35 

1.80 

E 

3 

6 

0.000 

0.016 

O.OOS 

0.014 

0.012 

0.008 

0.008 

0.004 

220 

0.50 

1.20 

F 

4 

6 

O.OOS 

0.009 

0.012 

0.012 

0.011 

0.012 

o.on 

0.013 

228 

0.95 

1.13 

Average 

0.003 

0.007 

0.006 

0.008 

0.009 

0.008 

0.009 

0.009 

221 

1.06 

1.20 
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TABLE rv’.-IXCREASES IN EXPANSION BARS MADE OF 

10 CEMENTS, BARS STORED IN SODIUM S0LF ATE SOLUTIONS. 

NoTE.—Bars 1 by 1 in. with 5>m. net length, stored for 56 days as indicated after curing 2 days in moist room and 5 
days in water. Data from 6 cooperating laboratories. 



" No. 

No., - 

Laboratory 

of 

of 


Runs 

Bars 


Bars Stored in 0.1SM (2,1 per cent) Sodium Sulfate 
Solutions and Measured at 7-day Intervals 


Expansion, per cent 


7 

days 


14 

21 

28 

35 

42 

, 49 

days 

days 

days 

days 

days 

days 


56 

days 


Original 

Weight, 

g. 


2 days 


Cement 789 


Increase in 
Weight, 


per 

cent 

28 ; 

56 

days 

days 


A............. 

i 3 ■ 

6 ' ' 

0.003! 

0.004 

0.012 

0.011 

0.012 

0.015 

0.019 

0.023 

1 224 

i 0.39 

0,44 

B............ 

^ 3 'i 

6 : 

0.006i 

0.009 

0.013 

0.017 

0.024 i 

0.030 

0.037, 

0.048 

209 

1.00 

1.60 

C......... ... 

3 


0.013 

0.015 

0.018 

0.020 

0.024 ' 

0.026 

0.028 

0.031 

221 

0.63 

0.72 

D.... 

5 

5 

0.008 

0.010 

0.014 

0.014 

0.014 1 

0.016 

0.C18 

0.020 

220 

0.45 

0.4S 

'E, 

3 

6 

-0.002 

0.002 

O.OlO 

0.016 

0.018 

0.024 

0.022 

0.022 

221 

1.00 

1.70 

F.,...'. ' 

4 . 

6' 

0.006 

0.010 

0.010 

0.017 

0.019 

0.020 

0.019 

0.024 1 

229 

1.71 

1.97 

Average 

0.006 

0.008 

0.013 

0.016 

0.019 

0.022 

0.024 

0.028 

221 

0.86 

1.15 


Cement 790 


A. ' 

3 

6 

-0.002 

0.006 

0.009 

0.011 

0.013 

0.019 

0.021 

0.028 

222 

0.22 

0.35 

B ' 

3 

6 

0.008 

0.010 

0.014 

0.021 

0.030 

0,045 

0.066 

0.101 * 

206 

0.90 

2.00 

c.,........,..! 

3 

6 

0.011 

0.013 

0.015 

0.017 

0.020 

0.022 

0.025 

0.028 

219 

0.64 

0.73 

D... ! 

5 i 

5 

c.ooo 

0.004 

0.004 

0.004 

0.005 

0.005 

0.008 

0.010 

224 

0.45 ! 

0.54 

E 

3 

6 ^ 

-0.002 

0.006 

0,012 

0.018 

0.038 

0.062 

0.088 

0.132 

218 

1.00 

1.60 

F i 

4 

6 : 

0.005 

0.012 

0.013 

0.014 

0.018 

0.018 

0.018 

0.025 

229 i 

1.13 

1,60 

Average — 

0.003 

0.009 

0.011 

0.014 

0.021 

0.029 

0.038 

0.054 j 

220 

0.72 

1.14 


Cement 791 


A 

3 

6 ’ 

-0.005 

0.005 

0.005 

0.005 

! 0.006 

0.010 

0.014 

0.017 

222 

0.23 

0.41 

B. 

3 

6 

0.007 

0.012 

0,018 

0.031 

0.051 

0.075 

0.104 

0.150 

205 

1.10 

2.10 

C..., 

3 

6 

0.004 

0di07 

0.011 

0.012 

0.014 

0.015 

h.OlS 

0.019 

218 

0.41 

1.01 

B 

5 

5 

0.007 

0.010 

0.011 

0.013 

0.013 

0.014 

>0.016 

0.019 

' ' 216 

0.36 

0.45 

E 

3 

6 

0.006 

0.006 

0.014 

0.018 

0.016 

0.024 

0.022 

0.026 

218 

0.70 

1.40 

F 

4 

6 1 

0.008 

0.012 

0.014 

0.01/ 

0,019 

0.021 

3.018 

0.024 

229 

1.28 

1.75 

Average 

0.005 

o.oot 

0.012 

O.Oli 

0.020 

0.027 

0.032 

0.043 

218 i 

0.68 

1.19 


Cement 792 


A.' 

3 

6 

0.007 

0.014 

0.018 

0.022 

0.041 

0.074 

0.094 

0.129 

222 

0.49 

0.77 

B 

3 

6 

0.009 

0.016 

0.029 

0.055 

0.093 

0.143 

0.207 

0.288 

1 206 

1.00 

2.60 

c 

• 3 

6 

0.005 

0.009 

0.013 

0,016 

0.017 

0.018 

0.022 

0.024 

222 

0.32 

0.50 

D 

5 , 

5 

0,004 

0.008 

0.009 

0.009 

0.013 

0.018 

0.021 

0.031 

220 

0.54 

0.63 

E..... 

3 

6 

0.004 

0.012 

0.066 

0.140 

0.226 

0.332 

0.438 

0.518 

220 

1.10 

2.50 

F 

4 : 

6 

0.007 

0.016 

0.021 

0.025 

0.031 

0,039 

0.060 

0.101 

228 

2.16 

2.64 

Average 

0.006 

0.013 

0.026 

0.045 

0.070 

0.104 

0.140 

0.182 

220 

0.94 

1.61 


Cement 793 


A............ 

3" 

6 

0.003 

0.005 

0.010 

0.016 

0.024 

0.033 

0.047 

0.070 

226 

0.17 

0.24 

,B... ........... 

3 

6 

0.008 

0.013 

0.028 

0.054 

0.092 

0.141 

0.202 

0.293 

i 209 

1.20 

i 2.10 

C.'.... ....... 

■■ ■ 3' 

6 

0,006 

0.009 

0.010 

0.010 

0.012 

0.014 

0.016 

0.017 

223 

0.31 

0.54 

B... , .......... 

5 

5'. 

0.008 

0.008 

0.008 

0.008 

0.008 

0.015 

0.020 

0.024 

225 

0.35 

0.53 

E... ...... 

■3' 

' 6 ■ 1 

0.000 

0.008 

0.014 

0.034 

0.050 

0.118 

0.206 

0.298 

224 

0.80 

1.50 

F..... 

4 

6 

0.004 

0,012 

0.014 

0.014 

0.016 

0.019 

0.017 

0.032 

233 

■1.25 

1.47 

: Average, .... . . ........ — : 

0.005 

0.009 

0.014 

0.023 

0,034 

0.057 

0.085 

0.122 

223, ' . • 

0.68 

1.06 


Cement 794 


A 

;■' ■■ 3 ■ 

6 

0.008 

0,014 

0.023 

0.045 

0.077 

0.133 

0.208 

0.302 

223 

0.33 

: 0.85 

B 

■ '3' ■'■ 

. 6 

0.008 

0.015 

0.030 

0.055 

0.104 

0.177 

0.279 

0.405 

206 

1.80 

1 2.90 

c 

■: "'3 ■ 

6 

0.007 

0.013 

0.016 

0.017 

0.020 

0.024 

0.027 

0.031 

220 

0,54 

0,77 

B 

■' 5 ' ■ 

■■ 5 . 

0.006 

0.008 

0.012 

0.017 

0.029 

0.052 

0.086 

0.120 

219 

0.27 

0.63 

E 

3 

6 

0.000 

0.004 

0,028 

0.094 

0.204 

0.372 

0.572 

0.788 

220 

1.20 

2.50 

F 


6 

0.007 

0.019 

0.023 

0.025 

0.041 

0,078 

0.141 

0.238 

228 

2.02 

2.64 

Average 

0.006 

0.012 

0.022 

0.042 

0.079 

0.139 

0.219 

0.314 

219 

1,03 

1.72 
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TKBhElV-Ccncluded. 


No. 

No. 

of 

of 

Runs 

1 

Bars 


Laboratory 


Bars stored in O.lSlf (2.1 per cent) Sodium Sulfate 
Solutions and Measured at ^-day Intervals 


Expansion, per cent 


7' 

14 

21 ■ 

28 

■ 35 ■ i 

■ 42 ' ' 

"49 i 

56 i 

2 days 

28 : 

56 

days 

days 1 

days 

days 

days i 

days j 

days i 

days 

days : 

days . 


Original 
Weight, 
g. ' 


.Increase in 
' Weight, 
per cent ; 


C. 

D 

E, 

F. 


.Average, 


Cement 795 


3 

6 

0.009 

0.010 

0.020 

0.035 

0.055 

0.089 

0.126 

0.174 

221 

0.37 

0.70 

3 

6 

0.007 

0.016 

0.025 

0.039 

0.059 

0.089 

0.137 

0.193 

206 

1.30 

2.40 

3 

6 

0,008 

0.012 

0,015 

0.016 

0.020 

0.024 

0.027 

0.030 

220 

0..50 

0.82 

0 

.5 

0.004 

0.006 

0.008 

0.011 

0.015 

0,020 

0.026 

0.034 

226 

0.44 

0.53 

3 

6 

- 0.004 

0,008 

0.024 

0.048 

0.082 

0,130 

0.190 

0.264 

220 

1.10 

1.70 

4 

6 

0.011 

0.016 

0,019 

0.024 

0,030 

0.032 

0.043 

0.050 

,229 

1.21 

1.61 


0 . 006 i 

0.011 

0.019 

0.029 

0.044 

1- 

0.064 

0.092 

0.124 

» 220 

0.82 1 

1,29 



Cement 7 % 


A... ^ 

3 

! 6 i 

0.002 

0.008 

0.013 

0.035 

0.080 

0.187 

R 

.... 1 

222 1 

0.50 

R 

B. 

3 ! 

6 ' 

0.007 

0.014 

0.0271 

0.055 

0.103 

0.203 

0.408 

R, 1 

'206 1 

1.40 

R 

c..... 

3 

,6 

0.008 

0.013 

0.0l7i 

0.022 

0.030 

0.041 

10.061 

0.094 i 

219 ■ i 

1.05 

1.69 

D 

5 i 

5 j 

O.OOli 

0.005 

O.OlOj 

0.012 

0.022 

0.046 

ki-075 

i0.141 1 

219 ■ , 

0.73 

1.45 

E 

3 ’ 

6 1 

O.OOOi 

0.008 

0.016 

0,052 

0.122 

0.264 

0.516 

0.846+i 

220 ! 

1.00 

2.40+ 

F ' 

4 

6 ' 

0.0111 

0.019 

0.021 

0.033 

0.068 

0,169 

0.356 

0.716 1 

229 1 

1.71 

2.40 

Average — ! 

0.005; 

0.011 

0.017 

1 

0.035 

0.072 i 

0.152 



219 

1.07 1 



Cement 797 


A 

3 

6 

0.003 

0.018 

0.090 

0.298 

R 




222 

0.68 

R 

B 

3 

6 

0.015 

0.053 

0.166 

0.421 

0.881 

R 



207 

2.20 

R 

C 

3 

6 

0.008 

0.017 

0.031 

0.052 

0.095 

0.169 

R 


221 

0.59 

1.90+ 

D 

5 

5 

0.005 

0.011 

0.026 

0.061 

0.156 

0.371 

0.747 

R 

219 

0.90 

R 

E 

3 

6 

0.004 

0.028 

0.18n 

0.708 

1.4 68+ 

2.332+ 

3.228+ 

R 

222 

1.40 

R 

F 

4 

6 

0.013 

0.029 

0.08^ 

0.315 

3.984+ 

2.371+ 



229 

3.68 

8.35+ 

Average 

O.OC8 

0.026 

0.09'. 

0.309 





220 

1.58 


Cement 799 

A, 

'3 

6 

0.001 

0,005 

0.011 

0.014 

0.015 

0.016 

0.018 

0.020 

223 

0.20 

0.30 

B 

3 

6 

0.006 

0.010 

0.011 

0.015 

0.017 

0.017 

0.020 

0.024 

208 

0.60 

1.20 

C 

3 

6 

0.007 

0,010 

0.012 

0.015 

0.017 

0.020 

0.023 

0.025 

221 

0.68 

0.81 

D 

5 

5 

0.002 

0.00-. 

0.004 

0.005 

0.006 

O.OOS 

0.010 

0.012 

219 

0.45 

0.54 

E.... 

3 

6 

-0.002 

0.000 

0.004 

0.008 

0.018 

0.016 

0,020 

0.022 

221 

0.60 

1.20 

F 

4 

6 

0.011 

0.01' 

0.016 

0.016 

0.018 

0.018 

0.017 

0.026 

229 

0,88 

1,02 

Average 

O.CO 

o.oo; 

O.OK 

0.012 

0.015 

0.016 

).018 

0.022 

220 

0.57 

0.85 


R indicates failure, 
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TABI.E V.-INCREASES IN EXPANSION AND WEIGHT OF 1:S OTTAWA STANDARD SAND BARS MADE OF 
10 CEMENTS, BARS STORED IN MAGNESIUM SULFATE SOEUTIONS, 

NoTE.—Bars 1 by 1 in. with 5-in. net length, stored for 56 days as indicated after curing 2 days in moist room and 5 
days in water. Bata from 6 cooperating laboratories. 





Bars Stored in 0.15M (1 .8 per cent) Magnesium Sulfate 
Solutions and Measured at 7-day Intervals 

Original 

Weight, 

Increase in ■ 
Weight, 

'Laboratoiy 

of 

Runs 

of 

Bars 

Expansion, per cent 

g* 

per cent 




7 14 21 28 35 42 49 S6 

days days days days days days days days 

2 days 

28' S6 

days days 


Cement 189 


A. ... 3 6 -0.001 0.006 0.012 0.014 0.013 0.019 0.022 0.024 223 1.05 1.36 

B. . 6 6 0.007 0.013 0.020 0.036 0.0,58 0.085 0.112 0.140 207 1.80 3.30 

C. . .......... 3 6 0.011 0.015 0,017 0.019 0.021 0.024 0,026 0.029 220 0.95 1.13 

D 5 S 0.001 0,012 0.013 0.016 0.021 0.022 0.024 0.026 223 0.90 0.90 

E 3 *6 -0.004 0.010 0.016 0.012 0.026 0.030 0.030 0.036 220 1.00 1.50 

F 4 6 0.005 0.016 0.019 0.019 0.020 0.020 0.021 0.028 230 1.74 1,99 

Average.. 0.003 0.012 0.016 0.019 0,027 0.033 0.039 0.047 222 1.24 1.70 


Cement 790 


A 3 6 'h003 0.007 0.009 0.013 0.012 0.018 0.025 0.032 222 0.91 1.22 

B.. 3 6 J,005 O.OU 0.020 0.053 0.080 0,122 0.167 0.215 205 2.20 3.30 

C 3 6 0.008 O.OlO 0.011 0.014 0.016 0,016 0.018 0.022 220 0.59 0.91 

B 5 .5 0,000 0.010 0.011 0.014 0.018 0.020 0.024 0.027 222 0.99 0.99 

E 3 6 -0.004 0.008 0.020 0,030 0.042 0.068 0 086 0.116 222 0.90 1.60 

F 4 6 0.002 0.015 0.016 0.016 0.018 0.019 0.019 0.032 230 1.56 1.89 

Average......,.,. 0.002 0.010 0.015 0.023 0.031 0.042 0.057 0.074 220 1.19 L6.5 


CEm-iNT 791 


A 3 6 0.002 0.009 0.012 0.012 0.019 0.019 0,024 0.025 221 0.91 1.21 

B 3 6 0.006 0.013 0.019 0.033 0.0.55 0.085 0.122 0.16.3 206 2.10 3.00 

C 3 6 0.003 0.006 0.009 0.010 O.OU 0,013 0.017 0.018 220 0.73 1.37 

B 5 5 0.001 O.OID 0.012 0.015 0,021 0,022 0,025 0,028 221 l.OS 0.99 

E 3 6 -0.004 0.004 O.OlO 0.014 0.022 0.0.32 0.032 0,014 220 0.90 1,60 

F 4 6 0.007 0.016 0.017 0.018 0,021 0.023 0,022 0.032 227 1.54 1.98 

Average 0,002 0.010 0.G13 0.017 0.025 0.032 0.040 0.052 219 1.21 1.69 


Cement 792 

A. . 3 6 0.002 0.012 0.014 0.017 0.023 0.038 0.016 0.057 222 1,03 1.31 

B. .. 3 6 0.012 0.035 0.094 0.168 0,247 0.328 0.381 0.446 204 3.10 4.50 

C 3 6 0.005 0.008 0.012 0.014 0.015 0.017 0.021 0.022 222 0.36 0.95 

D 5 5 0.009 0.012 0.013 0.018 0.024 0.027 0.0.42 0.038 222 1.08 1.17 

E 3 6 0.008 0.020 0.068 0.128 0.198 0.258 0,320 0.370 220 1.40 l.HO 

F...., 4 6 0.011 0.019 0,024 0,034 0.060 0.094 0.128 0,198 228 2.67 3.14 


Average..,. 0.008 0.018 0.038 0.063 0.095 0.127 O.ISS 0.189 220 1.61 2.15 


Cement 793 

A. .. ......... 3 6 0.004 0,004 0.008 0,014 0.028 0.041 0.051 0.069 226 0.92 1.20 

B. ........... 3 6 0.007 0,018 0.040 0.080 0.134 0,169 0.224 0.277 209 2.00 2.80 

C. .. ......... 3 6 0.006 0.009 0.010 0.011 0.014 0.017 0.019 0.023 223 0.67 1.03 

B...... 5 5 0.006 0.008 0.008 0.011 0.016 0,017 0.020 0.021 223 0.54 0.81 

E... ......... 3 6 -0,004 0.008 0.012 0,036 0.084 0,140 0.198 0.262 222 0.80 1,.30 

F;....:...,.. 4 6 O.OU 0.016 O.OtS 0,018 0.025 0.032 0.035 0.059 233 1.64 1.82 

Average........ . O.OOS 0.013 0.016 0.028 0.049 0.069 0.091 0.135 223 1.10 1.49 


Cement 794 


A 3 6 0.001 0,006 0,017 0.037 0,068 0.017 0.153 0.211 224 1.03 1,44 

B 3 6 0.010 0.023 0,079 0,173 0.284 0.403 0.528 0.658 205 2.20 3.70 

C 3 ^ 0.008 0.011 0.015 0.017 0,020 0.024 0.03U 0.03.5 221 0.63 1.22 

X> 5 5 0.009 0.014 0.018 0.030 0.058 0.088 0.135 0.189 218 0.90 1.26 

E. .. ......... 3 6 0.024 0.056 0.1.38 0.276 0.424 0.586 0.742 0.900 21,9 1.70 2,20 

F. . 4 6 0.013 0,024 0.026 0.041 0.061 0.118 0.184 0.279 228 1.90 2.48 

Average. . . . . . . , . . . ........ O.OU 0.022 0,049 0.096 0 452 0,221 0.295 0.379 219 1 .39 2.05 
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TABLE V-^Concluded* 


Laboratory- 


No. 

No. 

of 

of 

Rims 

Bars 


Bars Stored in 0.15 M (1.8 per cent) Magnesium Sulfate 
Solutions and Measured at 7-day Intervals 


Expansion, per cent 


7 

days 


14 

21 

28 

35 

42 

49 

days 

days 

days 

days 

days 

days 


56 

days 


Original 

Weight, 

g- 


2 days 


Cement 795 


Increase in 
Weight, 
per cent 


■28 

days 


56 

days 


A ■ 

B. ........... 

C. . 

D. .... 

E 

■F.. 

3 

3 

3 

5 

3 ■ 

4 ■ 

6 

6 ■ 

, 5 

5 

6 

6 

0.000 

0.007 

0.008 

0.006 

0.010 

0.009 

0.005 

0.017 

0.012 

0.008 

0.018 

0.017 

0.021 

0.040 

0.015 

0.010 

0.040 

0.020 

0.037 

0,094 

0.016 

0.013 

0.084 

0.023 

0.062 

0.164 

0.020 

0.016 

0,134 

0.025 

0.099 

0.2491 

0 . 023 ! 

0.016 

0.194 

0.044 

0.133 

0.337 

0.027 

0.020 

0.256 

0.056 

0.175 

0.430 

0.032 

0.022 

0.316 

0.089 

219 

205 

220 

220 

220 

1 ' 227 

1.24 

2.10 

0.73 

0.45 

1.10 

1.51 

1.67 

3.60 

1.14 

0.90 

1.70 

1.94 

Average. 

0.007 

0.013 

0.024 

0.045 

0.070 

0.104 

0.138 

0.177 

218 

1.19 

1.83 


Cement 796 


A,... . 

B 

C. .. 

D, ... 

E. ...... 

F, ... ........ 

3 

3 

3 

5 

3 

4 

6 

6 

6 

5 

6 

6 

0.000 

O.OOS 

0.008 

0.009 

0.016 

0.009 

0.004 

0.018 

0.012 

0.012 

0.016 

0.017 

0.014 

0.043 

0.015 

0.016 

0.024 

0.020 

0.045 

0.112 

0.020 

0.027 

0.078 

0.027 

0.086 

0.222 

0.029 

0.046 

0.156 

0.052 

0.164 

0.372 

0.043 

0.079 

0.282 

0.119 

0.277 

0.548 

0.068 

0.128 

0.448 

0.201 

0.436 

0.762 

O.UO 

0.172 

0.644 

0.348 

222 

205 

219 

217 

219 

228 

1.08 

1.60 

1.05 

1.26 

0.90 

1.57 

1.76 

3,20 

1.83, 

1,62 

1.80 

2.45 

Average 

O.OOS 

0.013 

0.022 

0.052 

0.099 

0.177 

0.278 

0.412 

218 

1.24 

2.11 


Cement 797 


A 

3 

6 

0.000 

0.013 

0.049 

0.122 

0.246 

0.427 

0.677 

1.007 

222 

1.09 

2.17 

B 

3 

6 

0.016 

0.069 

0.193 

0.367 

0.561 

0.777 

0.997 

R 

206 

2.50 

R 

C 

3 

6 

0.008 

0.014 

0.019 

0.030 

0.049 

0.072 

0.113 

0.182 

223 

0.63 

1.34 

D 


5 

O.DIO 

0.016 

0.032 

0.075 

0.180 

0.391 

0.766 

1.291 

220 

0.54 

2.81 

1C 

■ 

6 

0.012 

0.078 

0.246 

0..596 

0.960 

1.356 

1.796 

2.220 

222 

1.60 

3.20 

F 1 

' j 

6 1 
i 

0.017 

0.029 

0.110 

0.322 

0.729 

1.278 

1.712 

2 . 196j 

229 

3,20 

5,53 

Average — 

0.011 

0.037 

0.108 

0.252 

0.454 

0.717 

1.010 


220 

1.59 



Cement 799 


A,..., 

3 

6 

0.000 

0.004 

0.013 

0.014 

0.015 

0.012 

0.017 

0.018 

223 

0.75 

1.01 

B.. 

3 

6 

0.006 

0.015 

0.023 

0.034 

0.039 

0.051 

0.061 

0.074 

206 

1.30 

2.40 

C 

3 

6 

U.007 

0.009 

0.011 

0.014 

0,016 

0.018 

0.021 

0.024 

221 

0.72 

1.09 

I) 

5 

5 

0.010 

0,012 

0.014 

0.020 

0.020 

0.022 

0.021 

0.022 

217 

0.72 

0.72 

E 

3 

6 

0.010 

0.014 

0.014 

0.018 

0.014 

0.022 

0.026 

0.026 

220 

I.OO 

1.50 

F 


6 

0.008 

0.016 

0.016 

0.018 

0.021 

0.021 

0.020 

0.025 

228 

0.95 

1.17 

Average 

0.005 

0.012 

0.015 

0.020 

0.021 

0.024 

0.028 

0.032 

219 

0.91 

1.32 


R indicates failure. 


APPENDIX in 


PROPOSED METHOD OF TEST FOR SULFATE; RESISTANCE' OF 
PORTLAND CEMENTC 

This is a proposed method and is published as information only. 

Comments are solicited and should be addressed to the American 
Society for Testing Materials^ 1916 Race St., Philadelphia 3, Pa. 


Scope ' , 

L This method of test is intended for 
determining the sulfate resistance of 
Portland cement by length changes of 
lean mortar bars exposed to 0.15 M 
solutions of both sodium and magnesium 
sulfate. 

Apparatus 

2. {a) Scales . — The scales used in 
weighing materials for the mortar mixes 
shalT conform to the following require- 
ments: On scales in use the permissible 
variation at a load of 1000 g. shall be 
plus or minus 1.0 g., and at a load of 
1500 g, shall be plus or minus 2.0 g. The 
permissible variations on new scales 
shall be one half of these values. The 
sensibility reciprocaP shall be not greater 
than twice the permissible variation. 

(b) Weights— The permissible varia- 
tion on weights in use in weighing 
materials for the mortar mixes shall be as 
described in Table 1. The permissible 
variations on new weights shall be one 
half of the values in Table 1. 

(c) Siezjej.— Square-hole, woven, wire 
cloth, No. 20 (SdO-micron) and No. 30 

1 This proposed method is under the jurisdiction of the 
A.S,T.M. Committee C-1 on Cement. Published as 
information, June, 1946. 

2 The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is the weight required to move 
the position of equilibrium of the pointer one division. 
For a complete definition of sensibility reciprocal, see 
“Specifications, Tolerances, and Regulations for Com- 
mercial Weighing and Measuring Devices,^* Handbook 
B29^ Nat, Bureau Standards, September, 1942, pp. 87 
and 88. 


(590-micron) sieves conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11)^ shall be used. 

{d) Glass Graduates— Ghss graduates 
of suitable capacities (preferably large 
enough to measure the mixing water in a 
single operation) shall be made to deliver 


TABLE I.— PERMISSIBLB: VARIATIONS ON 
WEIGHTS. 


Weight, g. 

Permissible Variations on 
Weights in Use, plus or 
minus, g. 

1000 ..J 

0.5 

900 

0.45 

750 

0.4 

500 

0.35 

300. • 

0.3 

250 

0.25 

200 

0.20 

100 

0.15 

50 ‘ 

0.10 

20 

0.05 

10 

0.04 

5 

0.03 

2 

0.02 

1 

0.01 


the indicated volume at 20 C. (68 F.). 
The permissible variation 'shall be plus or 
minus 1.0 ml The graduates shall be 
subdivided to at least 1 ml. The main 
graduation lines shall be circles and shall 
be numbered. The least graduations 
shall extend at least one seventh of the 
way around, and intermediate gradua- 
tions shall extend at least one fifth of 
the way around. 


» 1946 Book of A.S.T.M. Standards* Part II. 
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(e) The trowel shall have a No. 30 sieve after 5 min. of continuous 

steel blade and be of convenient size. sieving of a 100-g. sample in the manner 

(/) Brush.— K 1-in. flat brush with specified for sieving. ■ cement,, in the 

steel wire bristles. Standard Method of Test for Fineness of 

(g) molds^^ a shown in Hydraulic Cement by the No. 200 Sieve 

Fig. 1- (A.S.T.M. Designation; C 184).® 

Temperature and Humidity Test Specimens 

3. Ill view of the relatively long time 5. The test specimens shall be bars! by 
required to prepare these bars, it is 1 in. in cross-section, with a 5-in. effective 
highly essential that, as closely as possible gage length, and shall be made of cement 



throughout the whole operation, the 
room temperature shall be maintained at 
70 dz 1.5 F. and the relative humidity at 
not less than 50 per cent. 

■Standard Sand ■ 

4. The sand used for making test 
specimens shall be natural silica sand 
from Ottawa, III, graded to pass a No. 20 
(840-micron) sieve and retained on a 
No. 30 (SOO-mlcron) ., sieve. ' This ■ sand 
shall be considered standard when not 
more than IS g. are retained on a No. 20 
sieve, and not. more than 5 g. pass the 


and Ottawa standard sand (20-30). 
The test specimens shall be made in 
batches of six each. 

Preparation of Mold 
6. The molds shall be thinly coated 
with petroleum jelly or wax, assembled, 
and stainless steel reference plugs (J by 
xf in.) shall be screwed into place in the 
removable 1 by 1-in. end plates, care 
being taken to keep the plugs clean and 
free of oil, grease or wax. A 1 by 1-in. 
piece of cardboard (Note 1) with a hole 
I in. in diameter at the center shall then 
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be placed , at each end of a mold. A 
layer of neat cement, of fairly stiff 
consistency, J in. in thickness, shall be 
pressed against the oiled cardboard at 
each end of a mold (Note 2). 

Note 1,-— Any glazed cardboard about in. 
in thickness, soaked in oil and allowed to drain 
overnight, is satisfactory for this purpose. 

Note 2.— A piece of i-in. strap iron with a 
U-shaped opening at one end is useful in placing 
and smoothing this neat cement cap. The 
thickness of the cap may be closely controDed by 
gaging with a piece of thin sheet metal held 
across the top of the mold at the ends while 
placing the neat cement. 

Proportionmg, Consistency, and Mixing 

of Mortars 

7. (a) The proportions of the stand- 
ard mortar shall be 1 part cement to 
5 parts standard sand by weight. The 
percentage of water used in the standard 
mortar shall be as calculated from the 
normal consistency (Note 3) of the 
cement by the following equation: 


where: 

y = percentage of water required for 
the sand mortar, 

P = percentage of water required for 
neat cement paste of normal 
consistency, determined in ac- 
cordance with the Standard 
Method of Test for Normal 
Consistency of Hydraulic Ce- 
ment (A.S.T.M. Designation: 
C187),2 

n = number of parts of sand to one of 
cement by weight, and 
X = a constant which for the standard 
sand has the value 6.5. 

Each batch of six bars shall consist of 
1200 g. of sand, 240 g. of cement, and the 
calculated amount of water. 

Note 3. — For a cement of 25 per cent normal 
consistency, the calculated quantity of mixing 


water is 134 ml. (9.3 per cent of the weight of the 
dry materials). 

(6) The dry materials shall be weighed, 
placed upon a glass or other nonabsorb- 
ent flat surface, thoroughly mixed for 1| 
min. (Note 4), and a crater formed in the 
center. The proper quantity of distilled 
water, as calculated, shall be poured into 
the crater, and the material on the outer 
edge shall be turned into the crater 
within 30 sec. by the aid of a trowel. 
After an additional interval of 30 sec. for 
the absorption of the mixing water 
(Note 4) during which interval the dry 
mortar around the outside of the cone 
shall be lightly troweled over the remain- 
ing mortar to reduce the evaporation 
losses and to promote absorption, the 
operation shall be completed by con- 
tinuous, vigorous mixing, squeezing, and 
kneading with the hands for 1| min. 
(Note 4). During the operation of 
mixing, the hands shall be protected by 
snug-fitting rubber gloves. 

Molding Test Specimens 

8. Immediately after completion of 
mixing, the mortar shall be placed in the 
molds (Note 4) by one of the following 
procedures: 

(a) Short-Time Molding.— J^bont f in. 
of mortar shall be pressed into the neat 
cement, already in place, around the 
reference plug at each end of the mold. 
Each end of each mold shall receive 6 
tamps of the index finger of the right 
hand, directed toward the end of the 
mold, while the index finger of the left 
hand holds the mortar from shoving out 
the top of the mold. The remaining 
mortar shall then be tamped into the 
mold in two layers, the long axes of the 
bars perpendicular to the front edge of 
the work table. The bottom layer shall 
be given 12 tamps with both thumbs 
working together, pointed directly 
downward, 6 tamps being distributed 
endwise along a bar in one direction, and 
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the other 6 tamps being likewise dis- 
tributedj but in the opposite direction. 
After rotating the mold 180 deg., the- top 
layer shall then be tamped in a similar 
manner 5 except that, following the first 
6 tamps, the excess material shall be 
redistributed with the trowel and then 
the last 6 tamps made with the face of the 
thumb. A uniform tamping pressure of 
20 to 25 Ib. shall be maintained as closely 
as possible through these operations. 
The excess materials shall be removed 
from the top and the mold with a straight 
edge and each ; bar ^finished with two 
strokes of the trowel exerting a pressure' 
of approximately S lb. The mold shall 
then, be . .covered, with waxed .paper, held 
in place by .a sheet metal cover, and 
immediately placed in the moist closet. 

(b) Long-Tim4 Molding.-— About 
of . mortar ■s.hall be pressed into the neat, 
cement, already , in .place, around the 
reference plug at each end of the mold. 
Each end of each mold shall receive 6 
tamps of the index finger of :the right 
hand directed toward the end of .the mold 
while the index finger of the. left hand 
.holds the mortar from .shoving, out the 
.top of , the .mold. The remaining mortar 
shall then be tamped into the molds in a 
single layer, the long axes of the bars 
perpendicular to the front edge of the 
work, table Each bar shall then be 
tamped , with . both thumbs working 
.together, ends pointed, directly down- 
ward, ,6 tamps being distributed endwise 
along a bar in one direction and 6 tamps 
being likewise , .distributed, but in the 
opposite direction. The mold shall then 
be rotated 180 deg., filled where neces- 
sary, and tamped 6 times with the face 
of the thumbs. The excess material 
shall then be removed, a top plate 
clamped on and the molds turned over. 
The bars shall then be tamped 6 times 
forward and 6 times backward with the 
ends of the thumbs, the mold rotated 180 
deg., filled where necessary, tamped 6 


times with the face oi the thumbs and 
struck off (Note 5). The excess mate- 
rial shall be removed from the top of the 
mold with a straight edge and each bar 
finished with two strokes of a trowel 
exerting a pressure of approximately 
5 ib.- The mold shall be .covered w.ith, 
waxed paper, held in place by a sheet 
metal cover, and immediately placed in 
the moist closet. 

Note 4. — The entire routine of mixing and 
molding will take about 8 or 12 min. distributed 
over the various- operations aS' follows; 


Mixing dry materials. ..... . ... . . . . . . . IJ min. 

Absorption of mixing water. . . . . ... . ... ,1 . in.m. 

Mixing wet materials .. . , . . ....... ... If min. 

Placing in molds (Short-Time Method, 

Section 8 (a)) 4 min. 

Placing in molds (Long-Time Method, 

Section 8 (&)).. 8 min. 


Note 5.— -This is' a total for each side o| each 
bar of 12 tamps with the ends of the thumbs and 
6 tamps with the face of the thumbs. 

Storage' of Test Specimens 

- 9. All bars shall be held in molds in, the: 
moist closet -for, 46 to 48 hr. Imme- 
diately after removal from the molds, 
identification tags, or marks, shall be 
placed on individual bars and the bars 
weighed and measured and placed in 
fresh water for five days. ' All bars shall 
be weighed when taken from the moist 
room and any bar that is badly out of line 
in weight should be discarded. Indi- 
vidual bars should weigh not less than 
. 220 -g. and generally will weigh under 
225 g. (Notefi). 

Note 6.— Using slightly difierent water ratios, 
based on normal consistencies as determined, 
may occasionally cause bars of some of the 
cements to differ slightly from the average. 

Procedure 

10. (a) Storage in ■ Test Solutions . — 
When the bars are seven days old (two 
days in moist room, five days in fresh 
water), they shall be measured and then 
placed in the test solutions. Solutions 
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shall be held in covered containers and 
laboratorj^ temperatures maintained at 
70 d= 1.5 F. Buplicate bars from each 
batch shall be stored in each of the 
following solutions and a test for sulfate 
resistance shall consist of no fewer than 
six bars made on three different days: 

(i) ' Fresh water, 

(^) Sodium sulfate, 0.15 M (2.1 
per cent), and 

{3) Magnesium sulfate, 0.15 M 
(1.8 per cent). 

Solutions shall be renewed by changing 
completely every seven days. Bars 
shall be stored in the solutions in hori- 
zontal positions on slatted racks of wood 
or non-corrosive metal. Bars shall be so 
racked as to be approximately 1 in. from 
the bottom of a container with at least 
I in. between bars. A ratio of solution 
to volume of bars in any container shall 
be maintained at about 4 to 1. 

(6) Measurement of Resistance to Test 
Solutions . — The bars shall be measured 


at intervals of '7, days. They shall be 
weighed after exposure to the solutions 
for 28 days, when the bars are 35 days 
old; and at 56 days, m^hen they are 63 
days old. All length changes shall be 
calculated as percentage change, based 
on the effective gage length of the bar, 
assuming as unity the gage reading after 
the bar has been in the moist closet for 
2 days and in fresh water for 5 days, 
immediately prior to being placed in a 
test solution. Previous to weighing the 
bars after exposure to the solutions, the 
bars shall be lightly brushed, using a 
1-in. flat brush of steel wire bristles, with 
five full strokes lengthwise for each of the 
four sides of a bar. At no time shall 
other than loose material purposely be 
removed from a bar by brushing or other- 
wise. Immediately prior to weighing, 
the bars shall be wiped with a towel or 
absorbent paper to remove superficial 
water. 



REPORT OF COMMITTEE C-S* . 

ON 

FIRE TESTS OF MATERIALS AND CONSTRUCTION 


Since the preceding report in June^ 
1945, Committee C-5 on Fire Tests of 
Materials and Construction has held one 
meeting on March 21, 1946, at Wash- 
ington, D. C. Preceding this meeting 
and the meetings of subcommittees held 
in connection therewith, considerable 
progress was made by correspondence 
and meetings among members of groups 
concerned with specific projects. A 
meeting is scheduled for June 27, at 
Buffalo, N. Y. 

The committee now consists of 49 
members, of whom 21 are classified as 
producers, 9 as consumers, 15 as general 
interest members, and 4 as consulting 
members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, S. H. Ingberg. 

Vice-Chairman, A. L. Brown. 

Secretary, Hugb M.Robinson. 

I. New Tentative 

The committee recommends a new 
Method for Determination of Combusti- 
ble Properties of Treated Wood by the 
Fire-Tube Method^ for publication as 
tentative. This method, developed by 
the U. S. Forest Products Laboratory, 
has been in use for a sufficient period to 
enable accumulation of a considerable 
volume of data from its use in fire tests 
of wood of various species impregnated 
with a wide range in chemicals and re- 
sulting loadings. A simplified method 
and equipment is included as an alterna- 
tive where only the final weight loss is 
required. , 

* Presented at the Forty'-ninth Annual Meeting of the 
Society, June 24-28, 1946. , - . 

1 1 his method was accepted as tentative by the Society 
and appears in the 1946 Book of A.S.T.M, Standards, 
Part 11. 


While covering the same field of ap- 
plication as the crib test method, it is 
deemed desirable to standardize both 
methods since convenience in sampling 
or availability of equipment may make 
one method or the other preferable for 
given conditions. 

II. Tentative Revisions op Standards 

The committee recommends for publi- 
cation as a tentative revision of the 
Standard Methocls of Fire Tests of 
Building Construction and Materials 
(C 19 " 41)^ the changes shown in the 
Appendix^ to this report. The following 
is an explanation of the reasons for these 
several proposed changes: 

Section Z, Time-Temperature Curve , — 
A closer definition of the time-temper- 
ature curve for control of fire tests is 
proposed by the addition of an appendix 
giving temperatures at 5-min. intervals 
up to 2 hr. and at 10-min. intervals from 
2 to 8 hr., within which latter period 
the increase in temperature is linear 
with time. There is also given therein 
the area under the time-temperature 
curve, taken for Fahrenheit units to a 
base line of 68 F., and for Centigrade 
units to a base line of 20 C. 

Section 5, Report of Results,— This 
section is amended to require reporting 
of results of fire-endurance tests to the 
nearest integral minute. A method is 
proposed for correcting the observed 
failure time in fire-endurance tests be- 
cause of variation of the intensity of the 
furnace fire exposure from that pre- 
scribed as standard. The method of 
correction is based on the theory of heat 


3 1944 Book of A.S.T.M. Standards, Part II, 
8Seep.297. 
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•flow in; solid materi^^^^ and has been' 
■verified experinaentaEy to the extent the 
limited applicable data aflord a basis. 

„ Section 21, T ests^ of Floors and Roofs — 
Paragraph (6) of this section is modified 
to eliminate the requirement for the 
application of the excess load to roof 
constructions after the hose stream test. 
This is based on the assumption that 
substantially no loads other than the 
dead load would be present on roofs 
after a fire and hence the test for integ- 
rity by applying twice the live load on 
cooling after the hose stream test would 
be less representative than for floors. 

Alternate Test for Steel Columns — 
New sections are submitted describing a 
method of conducting fire tests of struc- 
tural steel columns without application 
of load, the limit of fire endurance being 
defined by the temperatures attained in 
the column steel For this type of 
column the relation between strength 
and temperature has been quite well 
established in full-scale tests as well as 
in tests of smaller specimens. It is 
expected that tests will be conducted 
during the coming year to obtain further 
information on the range of application 
of the method. 

Tests of Ceiling Constructions, — New 
sections are submitted describing a 
method of test of ceiling constructions 
such as under an attic or other location 
where there is no floor or roof sheathing 
or slab resting on the members to which 
the ceiling is immediately attached. 
The criteria of performance are based on 
structural failure and the protection 
given combustible construction in con- 
tact with or adjacent to the upper face. 
Further criteria, such as the temperature 
of the upper face as indicating safety of 
ties and fastenings, have been considered 
but, in absence of further test data, no 
limits thereon can as yet be specified. 

The degree of fire resistance of such 
ceilings is important on account of pos- 


sibility of spread of fire through the 
spaces above them, often extending un- 
divided over' the whole or considerable 
portions of a building. 

III. Adoption or Tentative Method 
AS Standard 

Tentative Method of Test for Fire- 
Retardant Properties of Wood (C 160 - 
41 T)^ using the crib test, has been in 
this status for five years, during which 
time considerable experience has ac- 
cumulated with its use. This indicated 
a need of clarification as to the purpose 
of the method, particularly of the sam- 
pling requirements, in view of the fact 
that it is in general not practical to treat 
structural members in the usual di- 
mensions so approximately uniform load- 
ing of chemicals will obtain throughout 
the cross-section. The sampling para- 
graphs were accordingly modified to 
indicate that the present requirements 
apply for the condition of penetration of 
treating solution throughout the section, 
and generally applicable for trim and 
other stock in the smaller range of thick- 
ness. Except for a change in the title, 
rearrangement of paragraphs, and minor 
changes and additions, which are shown 
in the Appendix to this report, the pro- 
posed standard is otherwise the same as 
the present tentative method. The com- 
mittee accordingly recommends that this 
method, as revised, be approved for 
reference to letter ballot of the Society 
for adoption as standard, 

Generae Activities or Committee 

Fire Tests for Wood Given Partial or 
Surface Treatment —The committee rec- 
ognizes the importance of a method for 
fire test of wood that has been given 
partial or surface treatment and has 
given it consideration to the point where 
the further steps needed appear fairly 
well defined. While one or both of the 
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types of " apparatus, fire tube and crib 
test equipment, can apparently be used 
for the purpose, different requirements 
for sampling will ha^^e to be applied than 
those for wood treated throughout the 
cross-section. Development of a method 
for obtaining representative samples 
from lots of treated material, often of 
large-size members, involves' difficulties 
that it has not as yet been possible to 
fully resolve, in view of the limited 
amount of specific applicable information 
and the extent of consideration the sub- 
committee concerned has been able to 
give this project. 

Fire Tests of Window Assemblies , — ^No 
standard covering methods of fire tests 
of window assemblies can as yet be sub- 
mitted although progress has been made 
in reconciling conflicting viewpoints and 
clearing up misunderstandings that have 
impeded progress on this project. Con- 
sidering the vulnerability of glass to 
high temperatures, a closer tolerance, 
within attainable limits, for furnace tem- 
peratures in fire test thereof than for 
fire tests of other constructions may be 
justified. Otherwise, the past experience 
from exposure in building fires and in fire 
tests may indicate the general line of 
applicable requirements. 

Fire Tests of Acoustical and Similar 
Finishes, — The w^ork during the year 
has been concerned largely with con- 
ducting tests and developing equipment 
and methods for determining the speed 
and extent of flame travel over the sur- 
face and the density of the smoke pro- 
duced. Equipments of the flame-tunnel 
type have been indicated as possibly 
. best adapted for these purposes. 

:Fire Tesls of Roof Coverings, — Further 
progress has been made on this project, 
including tentative fire-resistance class!-' 
fications of built-up and prepared roof 
coverings, based on performance in given 
t 3 rpes of tests. While no limits on per- 
formance or : details of : the pertaining 


testing methods have as yet been defined, 
what has been accomplished is a neces- 
sary preliminary thereto. 

As a basis for the revisions and amend- 
ments to Standard Method CT9 -41, 
further fire tests of ceiling constructions, 
sponsored by the National Housing 
Agency, were conducted at the National 
Bureau of Standards, which also gave 
data of value in the design of multiple 
dwellings. A number of fire tests of 
steel roof deck constructions were also 
conducted, sponsored by members of the 
steel roof deck industry, from which 
information was obtained on what differ- 
entiation, if any, should be made be- 
tv’-een testing methods and end-point 
criteria for roof constructions as com- 
pared with those for floors. 

Subcommittee I on Fire Tests of 
' Materials and Construction (G. N. 
Thompson, chairman) and its groups 
have been active throughout the year in 
developing the revisions to the general 
fire test specifications that are proposed. 
Subcommittee II on Fire Tests of Lumber 
(W. J. Krefeld, chairman) has likewise 
made good progress in clearing up mat- 
ters that have been on its agenda for 
several years. With completion of pro- 
jects now in progress, the standards with 
which it has been concerned will cover 
in large part the requirements for the 
various categories that need be recog- 
nized in fire test methods for treated 
wood. 

In accordance with the action of the 
Executive Committee of the Society, 
methods of conducting fire tests pro- 
posed by other committees will be re- 
ferred to Committee C-5 for comment in 
the interest of obtaining uniformity in 
procedures so far as is consistent with 
the purposes and materials for which 
the individual types of tests are de- 
veloped. 
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■ : The , , recommendations appearing ■ in 
this report have been submitted to the 


TAELE I —ANALYSIS OF LETTER BALLOT VOTE. 


\ 

Items 

Affirm-! 
a live 

Nega- ; 
tive i 

Ballots 

Marked 

“Not 

Voting” 

I. New Tentative Method 
Test for Combustible Properties 
of Treated Wood by the Fire- 
Tube Method 1 

30 

1 

4 

IL Tentative Revision or 
Standard 

Fire Tests of Building Con- 
struction and Materials (C 19 -j 

' 1 

27 

i 

7 

III. Adoption or Tentative 
AS Standard 

Method of Test foi Combustible 
Properties of Treated Wood byi 
the Crib Test Method (C 160 - 
41 T) ! 

30 

0 

5 


letter ballot of the committee^ which 
consists of 45 voting members ; 35 mem- 
bers returned their ballots with the 
results shown in Table I. 

This report has been submitted to 
the letter ballot of the committee, which 
consists of 49 members; 38 members re-; 
turned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

S. H. Ingberg, 

Chairman, 

H. M. Robinson, 

Secretary. 



APPENDIX 


RECOMMENDATIONS AFFECTING 
MATERIALS AND 

In this Appendix are given proposed 
revisions in a tentative method and a 
proposed tentative revision of a stand- 
ardj which are referred to earlier in this 
reports The existing tentative and 
standard appear in their present form in 
the 1944 Book of A.S.T.M. Standards, 
Part II, pp. 1259 and 234, respectively. 

Revision and Adoption oe Tentative 
AS Standard 

Tentative Method of Test for Fire 

Retardant Properties of Wood (C 

160-41 T):^ 

Change title to read as follows 
by addition of italicized words and omis- 
sion of those in brackets: ^Mentative 
Method of Test for [Fire-Retardant] 
Comhistihle Properties of Treated Wood 
hy the Crib Test MeihodT 

Section 1 . — Change the statement of . 
scope to read as follows: 

1. This method of test covers a procedure for 
fire tests of wood treated to reduce flammability. 
The test relates to properties of treated wood as 
such, rather than to the performance of a fabri- 
cation used as an element of construction. Per- 
formance under this test shall be as prescribed 
in requirements applicable to materials intended 
for specific uses. 

Section J.— Renumber as Section 2 
without change in text. 

New Section J.— Include new intro- 
ductory paragraph and include and 
amend parts of present Sections 2 and 4 
to read as follows: 

1 Seep. 293. 

2 1944 Book of A.S.T.M Standards, Part II. 


STANDARDS FOR FIRE TESTS : OF 
CONSTRUCTION 

3. Sampling and T esi Specimens. — For interior 
trim or other lumber requiring penetration of 
treating solution throughout the section but not 
for wood given incomplete penetration, the 
specimens shall be prepared as follows: 

Paragraph 3. (u).— Same as Para- 
graph 2(a) except omit first sentence and 
modify the second sentence to read as 
follows by addition of italicized words 
and the omission of those in brackets: 

[The shipment shall be carefully examined and a 
representative sample selected.] One sample 
shall be taken from the lot for each 5000 board 
feet or fraction thereof. 

Omit present Sections 2(6) and 2(^;). 

Paragraph 3. (6). — Same as Para- 
graph 4(a) with additions of italicized 
words to read as follows: 

(6) The crih test specimen cut from the selected 
sample shall consist of 24 pieces i by in. in cross- 
section and 3 in. in length, with surfaces smooth- 
sawed to dimensions within plus or minus A in. 
The specimen shall be representative of the en- 
tire cross-section of the sample. 

Paragraphs 3(c) to (/). — Same as 
Paragraphs 4(6) to (e). 

Section 5 . — Renumber as Section 4 
and change ^^moisture specimen^’ to 
^^moisture test specimeiP’ wherever it 
appears. 

Section 6 . — Renumber as Section 5 and 
add the foilowdng at the end of Para- 
graph (6): “A gas pressure regulator is 
desirable.” 

Section 7.- — Renumber as Section 6. 
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standard Methods of Fire Tests of Btiild- 

ing Construction and Materials 
■ ( 0 , 19 - 41 ):^. 

Seciion Add the following at the 
end, of Section 2 after the time-tempera- 
ture table: ^Tor a closer definition of 
the time-temperature curve see the Ap- 
pendix.” 

Section 5. — Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 

5. (ij) Results shall be reported in accord- 
ance with the performance in the tests pre- 
scribed in these specifications. They shall be 
expressed in time periods of resistance [as for 
example 4 hr., J hr., etc.], the nearest integral 
minuie. 

Add the following new Paragraph (6) : 

(5) Where the indicated resistance period is i 
hr. or over and determined by the average or 
maximum temperature rise on the unexposed 
surface or within the test sample, or by failure 
under load, a correction shall be applied for vari- 
ation of the furnace exposure from that pre- 
scribed by multiplying the indicated period by 
two thirds of the difference in area between the 
curve of average furnace temperature and the 
standa.rd curve for the first thcee fourths of the 
period and dividing the product by the area be- 
tween the standard curve and a base line of 68 F. 
(20 G.) for the same part of the indicated period, 
the latter area increased by 54 Fahr.-hr. or 30 
Cent.-hr. (3240 Fahr.-min. or 1800 Cent.-nim.), 
to compensate for the thermal lag of the furnace 
thermocouples during the first part of the test. 
For fire exposure in the test higher than stand- 
ard, the indicated resistance period shall be in- 
creased by the amount of the correction and be 
similarly decreased for fire exposure below 
standard (Note) . 

Note .—The correction can be expressed by 
the following formula: 

^ 2i{A - A,) 

3(i« + I-) 

where: 

C == correction in the same units as j, 

J indicated fire-resistance period, 

A = area under the curve of indicated average 
furnace temperature for the first three 
quarters of the indicated period, 

^ area under the standard furnace eurve'*f or 
the same part of the indicated period, 


New Sections— AAA tht following new 
Sections 19 to 23, renumbering the sub- 
sequent sections accordingly: 

Altehnate Test for Stritctural Steel 
Columns 

19. General. — This test procedure does not 
require column loading at any time and may be 
used at the discretion of the testing laboratory 
to evaluate steel column protections that are not 
required by design to carry any of the column 
load. 

20. She and Character of Sample. — {a) The 
size of the steel column used shall be such as to 
provide a test specimen which is truly repre- 
sentative of the design, materials and workman- 
ship for which classification is desired. The pro- 
tection shall be applied according to the methods 
of acceptable field practice. The length of the 
protected column shall be at least 8 ft. The 
column shall be vertical during application of the 
protection and during the fire exposure. 

{h) The applied protection shall be restrained 
against longitudinal temperature expansion 
greater than that of the steel column by rigid 
steel plates or reinforced concrete attached to 
the ends of the steel column before the protec- 
tion is applied. The size of the plates or amount 
of concrete shall be adequate to provide direct 
bearing for the entire transverse area of the 
protection. 

{c) The ends of the specimen, including the 
means for restrainst shall be given sufficient ther- 
mal insulation to prevent appreciable direct heat 
transfer from the furnace, 

21. Temperature Measurement. — ^The tern* 

. perature of the steel in the column shall be meas- 
ured by at least three thermocouples located at 
each of four levels. The upper and lower levels 
shall be 2 ft. from the ends of the steel column, 
and the other two intermediate levels shall be 
equally spaced. The thermocouples at each 
level shall be so placed as to measure significant 
temperatures of the component elements of the 
steel section, 

22. Exposure to F^Ve.-^During,. the fire en- 
durance test the specimen shall be exposed to 
fire on all sides for its full length. 

23. Conditions of Acceptance.— shall 
be regarded as successful if the transmission of 
heat through the protection during the period of 
fire exposure for which classification is desired 
does not raise the average (arithmetical) tem- 
perature of the steel at any one of the four levels 
above 1000 F., or does not raise the temperature 
above 1200 F. at any one of the measured points 
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TABLE I-STANDARD XnfE-TEMPERATURE CURVE FOR CONTROL OF FIRE TESTS. 


Time 

Temperature, 
deg. Fahr. 

i Area Above 68 F. Base 

Temperature, 
deg. Cent. 

Area Above 20 C. Base . 

hr.:mm. 

deg. Falir.- 
miu. 

deg, Fabr.-br. 

deg. Cent.- 
,min. 

deg. Cent.-bf. „ 

0:00 

68 

00 

0 

20 

00 

■ ' 0' 

0:05 

1 000 

2 330 

39 

538 

1 290 

22"'"" 

0:10 

1300 

7 740 

129 

704 

4 300 i 

72 

0:15 

1 399 

14 ISO 

236 

760 

7 860 i 

131 

: . 0:20 . 

1 462 

20 970 

350 

795 

n 650 

. 194 

,0:25 

1 510 

28 050 

468 

821 

15 590 

260 

0:30 

1 550 

35 360 

589 

843 

19 650 

328 

„ 0:35 

1 584 

42 860 

714 

862 

23 810 

397 

0:40 

1 613 

50 510 

842 

878 

28 060 

468 

0:45 

1 638 

58 300 

971 

892 

32 390 

540 

0:50 

1 661 

66 200 

1 103 

905 

36 780 

613 

0:55 

1 681 

74 220 

1 237 

916 

41 230 

687 

1:00 

1 ,700 

82 330 

1 372 

927 

45 740 

762 

1:05 

1 718 

90 540 

1 509 

937 

SO 300 

838 

1:10 

1 735 

98 830 

1 647 

946 

54 910 

915 

1:15 

1 750 

107 200 

1 787 

955 

59 560 

993 

1:20 

1 765 

115 650 

1 928 

963 

64 250 

1 071 

1:25 

1 779 

124 180 

2 070 

971 

68 990 

1 150 

1:30 

1 792 

132 760 

2 213 

978 

73 760 

1 229 

1:35 

1 804 

141 420 

2 357 

985 

78 560 

1 309 

1:40 

1 815 

150 120 

2 502 

991 

83 400 

1 390 

1:45 

1 826 

158 890 

2 648 

996 

88 280 

1 471 

1:50 

1 835 

167 700 

2 795 

1 001 

93 170 

1 553 

1:55 

1 843 

176 550 

2 942 1 

1 006 1 

98 080 

1635 

2:00 

1 850 

185 440 

3 091 

1 010 

103 020 

1 717 

2:10 

1 862 

203 330 ! 

3 389 

1 017 

112 960 

1 882 

2:20 1 

1 875 

221 330 

3 689 

1 024 

122 960 

2 049 

2:30 ! 

1888 

239 470 

3 991 

1 031 

133 040 

2 217 

2:40 1 

1 900 

257 720 

4 295 

1038 

143 180 

2 386 

2:50 ! 

1 912 

276 110 

4 602 

1 045 I 

153 390 

2 556 

^ 3:00 

1 925 

294 610 

4 910 

1 052 1 

163 670 

2 728 

3:10 

1938 

313 250 

5 221 ' 

1 059 i 

174 030 

2 900 

3:20 

1 950 

332 000 

5 533 

1066 

184 450 

3 074 

3:30 

1 962 

350 890 

5 848 

1 072 

194 940 

3 249 

3:40 1 

1 975 i 

369 890 

6 165 

1 079 

205 500 

3 425 

3:50 

1 988 1 

389 030 

6 484 

1 086 

216 130 

3 602 

4:00 

2 000 

408 280 

6 805 

1 093 

226 820 

3 780 

4:10 

2 012 i 

427 670 

7 128 

1 100 

237 590 

3 960 

4:20 

2 025 ! 

447 180 

7 453 

1 107 

248 430 

: 4 140 

4:30 

2 038 

466 810 

7 780 

1 114 

259 340 

4 322 

4:40 

2 050 ’ 

486 560 

8 no 

1 121 

270 310 

4 505 

4:50 

2 062 

506 450 

8 441 

1 128 

281 360 

4 689 

5:00 

: , ! 

2 075 1 

526 450 

8 774 

1 135 

292 470 

4 874 

5:10 

2 088 

546 580 

9 no 

1 142 

303 660 

5 061 

5:20 

2 100 

566 840 

9 447 

1 149 

314 910 ■ 

5 248 

5:30 

2 112 

587 220 

9 787 

1 156 

326 240 

5 437 

5:40 

2 125 

607 730 

10 129 i 

1 163 

337 630 

5 627 

5:50 

2 138 

628 360 

10 473 ' 

1 170 

349 090 

5 818 

6:00 

2 150 

649 120 

10 819 

1 177, 

360 620 

6 010 

6:10 

2 162 

670 000 

11 167 

1 184 

372 230 

6 204 

6:20 

2 175 

691 010 

11 517 

1 191 

383 900 

6 398 

6:30 

2 188 

712 140 

n 869 

, 1 198 

395 640 

6 594 

6:40 

2 200 

733 400 

12 223 

1 204 

407 450 

:,6 791 

6:50 

2 212 

754 780 

12 580 

1 211 

419 330 

6 989 

7:00 

2 225 

776 290 

12 938 

1 218 

431 270 

7 188 

7:10 

2 238 

797 920 

13 299 ! 

1 225 

443 290 

7 388 

7:20 

2 250 

819 680 

13 661 

1 232 

455 380 

7 590 

7:30 

2 262 

841 560 

14 026 

1239 

467 540 

7 792 , 

7:40 

2''27S 

863 570 

14 393 

1246 

479 760 

7 996 

7:50 

2 288 

885 700 

14 762 

1253 

492 060 

8 201 

8:00 : 

2 300 

907 960 

IS 133 

1260 

504 420 

■■ ■ S 407 
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words and the omission of the word in 
brackets: 

(5) The construction shall have sustained the 
applied load during the fire and hose stream test 
as specified in Section 9, without passage of 
flame, of gases hot enough to ignite cotton waste, 
or of the hose stream [and]. After cooling, but 
within 72 hr. after completion of the hose 
stream test, floor sflechnens shall sustain a total 
load equal to the dead load plus twice the super- 
imposed load specified above. 

New Sections . — Add the following new 
Sections 27 to 29, renumbering the sub- 
sequent sections accordingly: 

Tests of Ceitling Constructions 

27. Size of Sample . — The area exposed to fire 
shall not be less than 180 sq. ft. with neither 
dimension less than 12 ft. and the ceiling surface 
at its edges shall be in contact with the test 
furnace structure. 

28. Test Sample and Enclosure . — The test 
ceiling construction shall include all the struc- 
tural members and details including hangers, if 
any, but shall not include walkways. Above 
the ceiling during the test, shall be provided a 
tight enclosing construction with flat roof placed 
with the lower edge of its supports not more than 
30 in. above the ceiling joists. The top of the 
enclosure shall be made of cement-asbestos 
board J in. in thickness under asbestos mill- 
board i in. in thickness, and the side walls of 
8-in. common brick, or it shall be of a construc- 
tion having equivalent heat conductivity and 
heat capacity. Where use of the ceiling under a 
combustible construction is contemplated, at 
least five 1-in. pine boards, each having an area 
of 2 sq, ft. shall be attached to the top of the 


enclosure under which the exposed surface tem- 
peratures can be measured. 

29. Conditions of Acceptance.— ‘Tht iQst shall 
not be regarded as successful unless the following 
conditions are met: 

{a) The ceiling shall have withstood the fire 
endurance test without the passage of flame or 
ignition of combustible members or materials 
forming part of the constraction above the 
ceiling as evidenced by glow or flame. 

{h) Transmission of heat through the ceiling 
during the fire endurance test shall not have 
been such as to raise the average temperature 
above the test ceiling more than indicated in the 
following items (i), (2) and (J). The limiting 
temperatures shall be the average of those taken 
at not less than five points, one of which shall be 
approximately at the center, and four at approxi- 
mately the centers of the quarter sections. 

{!) With combustible supports or other 
combustible material in contact with the 
ceiling, the temperature increase at the points 
of contact shall not exceed 250 F. 

(2) With combustible supports or other 
combustible material not in contact with the 
ceiling, the temperature increase on the sur- 
face of any combustible members or combus- 
tible material adjacent to the ceiling shall not 
exceed 250 F. The temperature on the ex- 
posed surface of combustible members not in 
contact with the ceiling shall be measured 
under a sheet of mica approximately 0.002 in. 
in thickness. 

(J) With no combustible material above 
the ceiling construction, the average tempera- 
ture measured on the lower surface of the 
main structural supporting members (beams 
or slabs) shall not exceed 1200 F.and the aver- 
age temperature of the top and bottom of the 
beams, when used, shall not exceed 1000 F. 

Appendix . — Add as an Appendix the 
accompanying Table I. 




REPORT OF COMMITTEE C-7* 

ON 

LIME 


Committee C-7 on Lime did not hold 
a meeting during the year, but a meeting 
of the Advisory Subcommittee was held 
in Boston, Mass,, on April 23, 1946. ' 
The total membership at present is 47, 
of whom 24 are classified as producers, 
5 as consumers, and 18 as general inter- 
est members. It is with regret that we 
note the death of one of our active 
members and vice-chairman, J. F. Carle 
of the Southern Testing Laboratories, on 
December 16, 1945. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. C. Voss. 
Vice-Chairman, J. A. Murray. 
Vice-Chairman, L. K. Herndon. 
Secretary, G. J. Fink. 

Standards Six Years Without 
Revision 

The following standards have been 
published for six years without revision 
and it is the recommendation of Com- 
mittee C-7 that they be continued as 
standard: 

Standard Specifications J or: 

Quicklime for Structural Purposes (C5-26), 
Sand for Use in Piaster (C 35 - 39), 

Quicklime and Hydrated Lime for Cooking of 
Rags in Paper Manufacture (C45-25), 
Quicklime for Sulfite Pulp Manufacture 
(C46-27), 

Hydrated Lime for Varnish Manufacture 
(G47-27), 

Quicklime and Hydrated Lime for Use in the 
Textile Industry (C 48- 24), 

Quicklime and Hydrated Lime for Water Treat- 
ment (C 53 - 39), and 

Standard Methods of: 

Sampling, Inspection, Packing and Marking of 
Quicklime and Lime Products (C 50 - 27). 

* Presented at the Forty-math Annual Meeting of the 
Society, June 24-28, 1946. 


Three specifications for lime and lime 
products have been sent to letter ballot 
this year after considerable work in Sub- 
committee II on Structural Lime. These 
specifications include Proposed Tenta- 
tive Specifications for Hydrated Lime 
for Masoniy Purposes, Proposed Tenta- 
tive Specifications for Special Finishing 
Hydrated Lime, and a proposed tenta- 
tive revision of the Standard Specifi- 
cations for Normal Finishing Hydrated 
Lime (C6~44). These are being held 
for discussion at the Buffalo meeting.^ 
The Advisory Committee held one 
meeting during the year at Boston on 
April 23, 1946, at which the program for 
the coming year was discussed. It was 
decided to enforce the requirements of 
the Committee Regulations as to attend- 
ance at meetings and all members have 
been notified to this effect. Recom- 
mendations regarding membership will 
be presented at the Buffalo meeting.^ 
Subcommittee III on Lime for Chemi- 
cal Industries (R. W. McAllister, chair- 
man) has circulated a proposed set of 
master specifications to the committee 
for comment. The replies will be dis- 
cussed at Buffalo. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 53 members; 28 members 
returned their ballots, ail of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

W. C. Voss, 

Chairman. 

L. K. Herndon, 

Secretary. 

1 These specifications were accepted as tentative by the 
Society and appear in the 1946 Book of A.S.T.M, 
Standards, Part II. 



REPORT OF COMMITTEE C-S* 

ON 

REFRACTORIES 


Committee C-8 on Refractories held 
one meeting during the year, at Battelie 
Memorial Institute, Columbus, Ohio, on 
November 20, 1945. 

Three new members were elected to 
the committee during the year: L. A. 
Smith, representing Jones & Laughlin 
Steel Corp.; R, P. Stevens, representing 
Chicago Retort and Fire Brick Co.; 
and JV L. Carruthers, representing Ed- 
ward Orton Jr. Ceramic Foundation. 
L, C. Hewitt and S. M. Phelps were 
appointed to fill the vacancies created 
on the Advisory Board and the chair- 
manship of the Subcommittee on Tests, 
respectively. 

The committee records with sorrow 
the death in April, 1945, of F. A. Harvey, 
who was a member of the A.S.T.M. 
for over 25 years and a very active mem- 
ber of Committee C-8. Mr. Harvey 
was a most valuable contributor to the 
work of the committee by his unceasing 
efforts to promote the activities of the 
committee through his technical knowl- 
edge and good judgment. 

The committee also regrets the loss of 
another member, Dean M. E. Holmes, 
who passed away in May, 1946. He was 
a member of Committee C-8 for 19 years, 
and served for many years as chairman 
of the Subcommittee on Nomenclature. 

As the committee did not hold a 
spring meeting this year, the election of 
officers for the ensuing term of two years 
was conducted by letter ballot vote of 
the membership of the committee, re- 
sulting in the selection of the following: 

Chairman, J. D. Sullivan. 

Vice-Chairman, L. J. Trostel. 

Secretary, S. M. Phelps. 

Prefiented at tbe Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


I. New Standard, Immediate 
, Adoption 

: After its revision in 1942, a number of 
suggestions were made for the improve- 
ment of the Standard Methods of Test- 
ing Insulating Fire Brick (Compressive 
Strength, Flexural Strength, and Perma- 
nent Linear Change After Heating) (C 
93 *- 42) The principal change pro- 
posed is the separation of the test for 
permanent linear change after heating 
from the other two tests, and its presen- 
tation as a separate new standard similar 
to Standard Method of Test for Perma- 
nent Linear Change After Reheating of 
Refractory Brick (C 113-36). The 
proposed new standard incorporates a 
heating schedule and states specifically 
the permissible temperature variation, 
the acceptable method for measuring 
the temperature, the' position of the test 
specimens in the furnace, and other 
details. 

Because this subject matter is pre- 
ferred as standard rather than tentative, 
and because the new presentation does 
not incorporate matter that is essen- 
tially new or different, Committee C-8 
recommends the immediate adoption of 
the proposed Standard Method of Test 
for Permanent Linear Change Upon 
Reheating of Insulating Fire Brick^ and 
accordingly asks for a nine-tenths affir- 
mative vote at the Annual Meeting in 
order that this proposed standard may 
be referred to letter ballot of the 
Society. 


1 1944 Book of A.S.T.M, Standards, Part II. 

2 This method was accepted as standard by the Society 
and appears in the 1946 Book of A.S.T.M. Standards 
.Part fit. 
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II. Revision of Standard, ImiEDiAXE 
Adoption 

Standard Methods of Testing Instdat- 
ing Fire Brick (Cofnpressive Strength, 
Flextiral Strength, and Permanent Linear 
Change After Heating) (C 93 - 42)3 — In 
order to bring these methods of test 
more in line with other C-8 methods, the 
committee recommends separation of the' 
test for permanent linear change after 
heating, retaining in the original standard 
the tw^o mechanical methods of test- 
ing. The committee further recom- 
mends the use of the terms ‘‘cold crush- 
ing strength’^ and “modulus of rupture’’ 
in place of “compressive strength” and 
“flexural strength,” to conform to usage 
in the Standard Methods of Test for 
Cold Crushing Strength and Modulus of 
Rupture of Refractory Brick and Shapes 
(C 133 - 39). The designation of a 
required sensitivity for the testing ma- 
chine is also recommended. Accord- 
ingly, Committee C-8 recommends that 
the proposed Standard Methods of Test 
for Crushing Strength and Modulus of 
Rupture of Insulating Fire Brick at 
Room Temperature (C 93 - 46)® be ac- 
cepted as a revision of the present stand- 
ard method (C 93 - 42) and accordingly 
asks for a nine-tenths affirmative vote at 
the Annual Meeting in order that this 
revision may be referred to letter ballot 
of the Society. 

Standard Method of Test for Permaftent 
Linear Change A fter Reheating of Re- 
fractory Brick (C 113 - 36).^ — ^This 
standard method has been on the books 
of the Society for over six years without 
revision. The committee recommends 
that it be revised to cover the testing of 
fireclay plastic refractories as specified 
in the ' Tentative Method of Test for 
Combined Drying and Firing Shrinkage 
of Fireclay Plastic Refractories (C 179 
- 43 T). The committee also recom- 

3 These revised methods were accepted by the Society 
and^appear in the 1946 Book of A.S.T.M. Standards 
„PartJI. 


mends the use of brick specimens 3 in. 
in thickness, in addition to the .2|-in. 
size, and proposes the inclusion in : the 
standard of some reference to a suitable 
type of testing furnace. The commit- 
tee therefore recommends revision ' of 
this standard as follows: 

Title . — Change 'Refractory Brick*^ to read 
“Refractories.” 

Section B . — Add a new footnote 3 to this sec- 
tion to read as follows, renumbering the siibse- 
■quent footnotes accordingly: “One kiln design 
suitable for making a reheat test is described 
in the Bulletin of the American Ceramic Society, 
VoL 19, p. 336 (1940).” 

Section S (a ). — Change this section to read 
as follows: “Three test specimens shall be used, 
and these shall measure 9 by 4| by either 2i or 
3 in. These may be commercial brick or test 
pieces of that size cut out of larger shapes or, if 
fireclay plastic refractories, three molded speci- 
mens of those dimensions.” 

Since these changes are of a minor 
nature, the committee asks for a nine- 
tenths affirmative vote at the Annual 
Meeting in order that this revision may 
be referred to letter ballot of the Society. 
The method in general, however, is re- 
affirmed by the committee. 

Standard Methods of Test for Apparent 
Porosity, Water Absorption, Apparent 
Specific Gravity, and Btdk Density of 
Burned Refractory Products (C 20 - 41).^ 
— k new vacuum method for determin- 
ing porosity has been called to the 
attention of the committee. This 
method is in agreement with the C»8 
boiling method when conducted on 
samples of representative fire clay, but 
is in disagreement with tests on bars 
made of raw clay. The committee 
recommends the following changes in 
Methods C 20, thereby limiting this 
porosity test to fireclay brick: 

Change the word "Products” to 
read “Brick.” 

Section l.—Tn line .'3, change the word 
“products” to read “brick.” 

In the note at the end of this section change 
the word “materials” to read “refractories.” 

' ' The committee acGordingly recom- 
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mends that this revision be approved 
and asks for a nine-tenths affirmative 
vote at the Annual Meeting in order 
that this recommendation may be re- 
ferred to letter ballot of the Society. 

III. Adoption oe Tentatives as 
Standard 

Since no adverse criticisms of the 
following tentative methods have been 
received, the committee recommends 
that they be approved for reference to 
letter ballot of the Society for adoption 
as standard: 

Tentative Methods of:^ 

Test for Sieve Analysis and Water Content of 

Refractory Materials (C 92 - 43 T), and 
Test for Combined Drying and Firing Shrinkage 

of Fireclay Plastic Refractories (C 1 79 - 43 T) . 

Tentative Symbols for:^ 

Heat Transmission (C 108 - 44 T). 

IV. Adoption as Standard of Tenta- 
tive Revisions of Standard 

Standard Method of Test for Pyro- 
metric Cone Equivalent (P.CE.) of 
Refractory Materials (C 24-42).^ — The 
tentative revision^ of this method, pub- 
lished in 1944, consisted of the inclusion 
of a drawing of the excess length type of 
split mold for the pyrometric test cone. 
The committee recommends that this 
tentative revision be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard. 

Standard Definitions of Terms Re- 
latmg to Refractories (C 71 - 45).^— 
The definition of the term “calcining of 
refractory materials^' was published in 
1942 as a tentative revision^ of this 
standard. Since no adverse criticism 
has been received, the committee recom- 
mends that this definition be approved 
for reference to letter ballot of the 
Society for adoption as standard. 

: Tentative Revisions of’ 

Standards 

Standard Methods of Panel Test for 

*1945 Supplement to Book of A.S.T.M. Standards, 
Partll. , . 


Resistance to Thermal .and Structural 
Spalling of Refractory Brick (C 38 - 45),^ 
Panel Test for Resistance to Thermal and 
Structural Spalling of High Heat Duty 
Fireclay Brick (C 107 45),^ and Panel 

Test for Resistance to Thermal and Struc- 
tural Spalling of Super Duty Fireclay 
Brick (C 122 - 45).^— The manner in 
which the spalls are removed from the 
brick on completion of the panel test is 
not described in the present standards. 
The committee recommends the follow- 
ing paragraph for publication as a tenta- 
tive revision to replace the present Sec- 
tion 7 of Standard Method C 38 and 
Section 5 (/) of Standard Methods C 
107 and C 122: 

When tbe test panel has cooled sufficiently 
so that the brick can be handled, the panel shall 
be carefully dismantled. Each test specimen 
shall be cleaned to free it of the joint-forming 
kaolin and in such a manner as to remove spalls. 
This shall be carried out by the use of an 8 or 
9-in. brick trowel which is handled so as to pro- 
vide a brisk scraping action without impacts. 
The movement of the trowel shall be directed 
toward and beyond the spalled face of the brick. 
This operation shall be carried out on the two 
4J by 9-in. faces and the two ends of the brick 
until no additional spalls are removed. No 
attempt shall be made to separate pieces that 
might be removed by prying or tapping. The 
brick shall be re weighed to the nearest 0.05 
lb. and the loss in w^eight recorded as percentage 
of the original weight. 

Standard Specifications for Refrac- 
tories for Malleable Iron Furnaces with 
Removable Bungs and for Annealing 
Ovens (C 63 ~ 41).^ — Heretofore, these 
specifications have failed to indicate the 
number of specimens required for each 
test, and the manner of their selection. 
In order to guide the consumer in send- 
ing sufficient and proper specimens to a 
laboratory for testing, the committee 
recommends the following for publica- 
tion as a tentative revision: 

New Section —Add thQ following as a 
new Section 9, renumbering the subse- 
quent sections accordingly: 

9. Samples for TaA— The number of brick 
required for testing the various types of fireclay 
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brick referred to in ■ these specifications is given 
in the accompanying Table I. The test brick 
shall be 9 by 4i by 2| in. or specimens of that 
size cut from larger shapes, utilizing as far as 
possible existing plane surfaces. Shapes of 
suitable size may be submitted provided the 
laboratory has facilities for cutting 9-in. brick 
from them. The test specimens shall be se- 
lected at random from each shipment of 50,000 
brick or less. 

Standard Method of Panel Test for 
Resistance to Thermal and StnicHiral 
Spalling of Fireclay Plastic Refractories 
(C 180 “ 45).^ — In order to provide a 
detailed description for removal of the 
spalls after completion of the panel test, 


TABLE I.-NUMBER OF BRICK REQUIRED FOR 
TESTING. 


Test Methods to be Used 

Types of Brick and 
Number Required 
for Testing 


H 

I 

.1 

K 

L 

Pyrometric cone equivalent 

Load test 

1 

2 

1 

1 

1 

2 

1 1 

Permanent linear change 

Panel spalling 

6 

14 

6 

i 6 

6 

Modulus of rupture 


5 




Extra brick® 

i 

2 

i 

1 

i 

Total without brick for size varia- 






tion 

10 

22 

8 ^ 

10 

8 

Total when size variation is to be 






obtained by laboratory® 

22 

22 

22 

22 

22 


“ Extra brick are included so as to j^rovide for those 
which may become damaged or broken in shipment. 

" Twenty brick are required for size variation but the 
measurements are made on the test brick before they are 
used for any of the other tests. 

the committee recommends the follow- 
ing paragraph for publication as a tenta- 
tive revision: 

Section 6 if). — Change to read as 
follows: 

(/) When the test panel has cooled sufficiently 
so that the brick can be handled, the panel 
shall be carefully dismantled. Each test speci- 
men shall be cleaned by removing the joint- 
forming kaolin on the two 4|- by 9-in. faces 
and the two ends. This shall be carried out 
by the use of an 8 or 9-in. brick trowel which is 
handled so as to provide a brisk scraping action 
without impacts. The movement of the trowel 
shall be directed away from the spalled face 
of the brick so as not to remove spalls while 
scraping off the kaolin. After this operation 
each test brick, and any spalls which may have 
unavoidably been removed, shall be weighed to 
the nearest 0.05 lb. The spalls shall then be 


removed from the brick by making use of the 
trowel in the manner described, with the excep- 
tion that the scraping shall be directed toward 
and beyond the spalled face of the brick. This 
operation shall be carried out on the two 4J 
by 9-ln. faces and the two ends of the brick 
until no additional spalls are removed. No 
attempt shall be made to separate pieces that 
might be removed by prying or tapping. The 
brick shall be reweighed to the nearest 0.05 
lb. which provides the information for calcula- 
tion of the spalling loss. 

TABLE II.—NUMBER OF BRICK REQUIRED FOR 
TESTING. 

Types of Brick and Number 
Test Methods Required for Testing 



A 

B 

C 

D 

E 

F 

G 

Pyrometric cone equiva- 








lent 


1 

1 

1 

1 

1 

1 

Load test 

! 2 

2 

2 


2 

2 


Permanent linear 
change 

1 

I ^ 

6 

6 

6 




Panel spalling 

! 14 

14 


14 




Modulus of rupture 






5 

5 

Water absorption 



’s 





Extra brick® 

1 ’2 

'2 

2 

'2 

i 


'i 

Total w ithout brick for 








size variation 

25 

25 

16 

23 

4 

9 

7 

Total when size varia- 
tion is to be obtained ' 
by laboratory^ 

25 i 

25 

22 

23 

22 

22 

22 


“ Extra brick are included so as to provide for those 
which may become damaged or broken in shipment. 

® Twenty brick are required for size variation but the 
measurements are made on the test brick before they are 
used for any of the other tests. 

Standard Specifications for Refrac- 
tories for Heavy Duty Stationary Boiler 
Service (C 64 - 41).^ — As a guide to the 
consumer in determining the number of 
specimens desired and the manner of 
their selection for each of the test meth- 
ods referred to in these specifications, 
the committee recommends the follow- 
ing for publication as a tentative re- 
vision: 

New Section. — ^Add the following as a 
new Section 7, renumbering the subse- 
quent sections accordingly: 

7. Samples for Test . — ^The number of brick 
required for testing the various types of fireclay 
brick referred to in these specifications is given 
in the accompanying Table IL The test brick 
shall be 9 by 4| by 2| in.® or specimens of that 
size cut from larger shapes, utilizing as far as 

® Test brick 3 in. in thickness may be used for the 
permanent linear change and spalling tests. 
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possible' existing -.plane surfaces. Shapes of' 
suitable size may be submitted provided the 
laboratory has .facilities for cutting 9-in. brick 
.from .them. The test specimens shall be se- 
lected at random from each shipment of 50,000 
brick or less. 

Standard Specifications for Refractories 
for Incinerators (C 106 - 41).^ — ^To pro- 
vide instructions for sending sufficient 
and proper specimens to be tested by 
the various standard methods listed in 


TABLE III.-NUMBER OF BRICK REQUIRED FOR 
TESTING. 


Test Methods to be Used 

Types of Brick and 
i Number Required 
i for Testing 


A 

i 

G 

Pyrometric cone equivalent. 

I 

I 1 

1 

1 

Load test 

2 

2 


Permanent linear change 

6 



Panel spalling, . ; 

U 



Modulus of rupture 


5 

5 

E.Ttra brick" 

2 

1 

1 

Total without brick for size variation. 

25 

9 

7 

Total when size variation is to be ob- 




tained by laboratory* — 

25 

22 

22 


“ Extra brick are included so as to provide for those 
which may become damaged or broken in shipment, 

® Twenty brick are required for size variation but the 
measurements are made on the test brick before they are 
used for any of the other tests. 

these specifications, the committee 
recommends the following for publica- 
tion as a tentative revision: 

New Section. — Add the following as a 
new Section 6, renumbering the subse- 
quent sections accordingly: 

6. Samples for Test . — ^The number of brick 
required for testing the various types of fireclay 
brick referred to in these specifications is given 
in the accompanying Table III. The test brick 
shall be 9 by 4J by 2 J in.'^ or specimens of that 
size cut from larger shapes, utilizing as far as 
possible existing plane surfaces. Shapes of 
suitable size may be submitted provided the 
laboratory has facilities for cutting 94n. brick 
from them. The test specimens shall be se- 
lected at random from each shipment of 50,000 
brick or less. 

“ Test brick 3 in. in thickness may be used for the 
permanent linear cliange and spalling tests. 

Standard Specifications for Refrac- 
tories for Moderate Duty Stationary 
Boiler Service (C 153 41).^In order 


to indicate the number : of specimens 
required for the several test methods 
referred to in these specifications, and 
the conditions of their selection, the 
committee recommends the following for 
publication as a tentative revision: , 

Nm Section. — Add the following as a 
new Section 6, renumbering the subse- 
quent sections accordingly: 

6. Samples for Test . — ^The number of brick 
required for testing the various types of fireclay 


TABLE IV .-NUMBER OF BRICK REQUIRED FOR 
TESTING. ■ 


i 

Test Methods to be Used 

Types of Brick 
and Number 
Required for 
Testing 


H 

G 

Pyrometric cone equivalent 

i 

1 

Load test. 

2 


Permanent linear change 

6 


Modulus of rupture 


5 

Extra brick®..; .i 

i 

1 

Total without brick for size variation.. 

10 

7 

Total when size variation is to be ob- 
tained by laboratory* 



22 

22 


" Extra brick are included so as to provide for those 
which may become damaged or broken in shipment. 

" Twenty brick are required for size variation but the 
measurements are made on the test brick before they are 
used for any of the other tests. 

brick referred to in these specifications is given 
in the accompanying Table IV. The test brick 
shall be 9 by 4| by 2| in.^ or specimens of that 
size cut from larger shapes, utilizing as far as 
possible existing plane surfaces. Shapes of 
suitable size may be submitted provided the 
laboratory has facilities for cutting 9-in. brick 
from them. The test specimens shall be selected 
at random from each shipment of 50,000 brick 
or less. 

® Test brick '3 in. in thickness may be used for the 
permanent linear change test. 

Standard Definitions of Terms. '/Re- 
lating to Refractories (C 71 - 45).^— 
Dissatisfaction was expressed with the 
present standard ' definition-, for ■ 'ffire 
clay'^ and the tentative definition for 
‘■^air-setting refractory . niortar.^’- : : The 
following new definitions are offered in 
lieu of the present ones: . 

Fire Clay . — ^An earthy or stony mineral ag- 
gregate consisting essentially of hydrous sili- 
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cates of aluminum witia a low content of fluxes, 
plastic when siifiiciently .pulverized and .wetted, 
rigid when dry, and possessing adequate strength 
when fired at a sufficiently high, temperature. 

Air-SeUing Refractory Mortar. — A composi- 
tion of finely ground materials, marketed in 
either a wet or dry condition, which may 
require tempering with water to attain the 
desired consistency and which is suitable for 
laying ' refractory brick and bonding them 
strongly upon drying and upon subsequent 
heating, at furnace temperatures. 

The committee recommends that these 
two new definitions be published as 
tentative revisions of Standard C 71. 

Standard Method of Test for True^ 
Specific Gravity of Burned Refractory 
Materials (C 135 •” 40).^ — Several 

changes are recommended for the im- 
provement of this standard. Because 
the method is applicable to unburned as 
well as to burned products, the word 
“burned’’ should be deleted from the 
title. No provision is made in this 
standard for the testing of samples in a 
pulverized condition. A source of error 
lies in the possible variation in tempera- 
ture of the water-filled pycnometer when 
weighed with and without the sample. 
Any difference in temperature greater 
than plus or minus 0.5 F. (0.3 C.) in 
these two weighings is found to introduce 
an appreciable error in the true specific 
gravity reported. The inclusion of a 
boiling procedure as a permissible alter- 
nate method for removal of entrapped 
air from the pycnometer is recom- 
mended. 

The committee therefore recommends 
the following for publication as a tenta- 
tive revision of Standard Method C 
135: : 

Title . — Delete the word ^‘Burned.” 

Section S . — Change the heading from “Test 
Specimens” to “Preparation of Sample;” 
also change this section to read as follows: 

3. {a) Two pieces of walnut size shall be 
taken from different positions in a solid speci- 
men in such a way as to exclude any part 
of the original exterior surface (skin surface). 
When an average value of specific gravity is 


desired, a composite sample shall be prepared by 
taking pieces in this manner from at least five 
different specimens. 

{h) The ^ pieces shall be : crushed between 
hardened steel surfaces to a maximum particle 
size of i in. The crushed material shall be 
thoroughly mixed and reduced by quartering 
to a test sample of SO g. 

(c) If the material submitted for test is al- 
ready crushed or ground, a representative por- 
tion of at least 500 g. shall be thoroughly mixed 
and reduced by quartering to a test sample of 
50 g. 

(d) The entire 50-g. sample shall be ground 
in an agate mortar to such fineness that it will 
pass a No. 100 (149-micron) A.S.T.M. sieved 
(equivalent to 100 mesh of the Tyler standard 
series). The grinding may be done by hand or 
by means of a mechanical sample grinder® so 
constructed as to prevent the introduction of 
any impurity. Any magnetic material intro- 
duced in the crushing or grinding shall be 
removed by a magnet. Care shall be taken in 
all stages of preparation of the test sample 
not to exclude any portions which are difficult 
to grind and to avoid any selective sampling. 

Section 4{c). — ^Change the second sen- 
tence of this section to read as follows: 

The pycnometer shall next be filled to one- 
fourth to one-half its capacity with distilled 
water, and the water boiled (Note 1) at atmos- 
pheric or under reduced pressure, for approxi- 
mately 10 to 15 min. After boiling, the pyc- 
nometer shall be filled with distilled water 
(Note 2), cooled to room temperature Mn a 
water bath, the stopper inserted, excess water 
from the stopper wiped off, and the pycnometer 
thoroughly dried with a lintless towel. The 
pycnometer and contents shall then be weighed 
and the contents reported as PF 2 . 

Note 1. — Caution should be exercised during 
the boiling so that it is not sufficiently vigorous 
to cause loss of the sample due to popping. If 
the boiling is done at atmospheric pressure, it is 
advisable to insert with the stopper a thin strip 
of paper before the boiling operation. If re- 
duced pressure is preferred, a suitable method of 
evacuation is described in Section 4(g) of the 
Methods of Test for Specific Gravity of Pig- 
ments (A.S.T.M. Designation: D 153). 

Note 2. — ^The pycnometer should be filled 
so that there is an overflow of water through 
the capillary tube when the stopper is inserted. 
When wiping the excess water from the tip of 
the stopper, it must be done so as not to with- 
draw any water from the capillary tube. Any 
variation in room temperature t when obtaining 
weights Wi and PFa will introduce an appreciable 
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error. ThereforCy they should be obtained at 
the same temperature within the limits of 
plus or minus 0.5 F. (0.3 C.). The use of a 
constant temperature bath is desirable. 

Standard Specifications for Fireclay 
Plastic Refractories for Boiler and In- 
cinerator Services (C i76 ~ 44).^ — In 
order to indicate in these specifications 
the size of the sample of fireclay plastic 
refractory required for testing, and the 
method of shipment to the testing labo- 
ratory, the committee recommends the 
following for publication as a tentative 
revision: 

Section ^ — Add the following as a 
new Section 4, renumbering the subse- 
quent sections accordingly: 

4. A sample of not less than 200 lb. shall be 
taken at random from each carload or less than 
carload shipment. If packed in moistureproof 
cartons of about l-cu. ft. capacity, two cartons 
selected at random will suffice; if packed in 
steel drums, one drum of 200 ib. shall be se- 
lected. 

Standard Method of Test for Work- 
ability Index of Fireclay Plastic Refrac- 
tories (C 181 - 45).^ — No mention is 
made in this test method of the type of 
support desirable for the workability 
apparatus. Experunental studies show 
that variable results are obtained when 
the rammer is placed on table tops of 
various construction; consequently it 
should be securely mounted on a mass of 
substantial weight. This feature was 
originally pointed out by workers in 
the foundry sand field who use the 
apparatus. Accordingly, the committee 
recommends that the following para- 
graph be published as a tentative re- 
vision of this standard: 

Section -^.—Add a new Paragraph fc) 
to read as follows; 

{c) The rammer shall be mounted on a con- 
crete rectangular column measuring at least 
8 by 11 in. and 27 in. in height. Four l-in. 
bolts, at least 3 in. in length, shall be cast in 
the top of the column for use in holding the 
rammer, and the space between its base and the 


top of the column shall be grouted with cement 
mortar. The apparatus may be placed on the 
floor and can then be conveniently operated 
from a sitting position. Variable results may 
be obtained from the test unless a suitable 
mounting is used for the rammer. 

VI. Standards Continded without 
Revision; ' 

Standard Methods of Test for Cold 
Crushing Strength and Modulus of Rup- 
ture of Refractory Brick and Shapes (C 
133 - 39).^ — Although this standard has 
stood for six years without revision, it is 
still in accord with present practice. 
*The committee therefore recommends its 
continuation as standard. 

The recommendations appearing in 
this report were submitted to letter 
ballot of the committee, which consists 
of 31 members, with the results shown in 
Table V. 

Activities of Subcommittees 

Subcommittee I on Industrial Survey 
(L. C. Hewitt, chairman) is reviewing 
the open-hearth survey, recently revised 
by W. S. Debeiiham. The survey on 
refractories for coke ovens is undergoing 
revision by W. C. Reuckel, and that for 
the lead industry by F. E. Wormser of 
the Lead Industries Association. The 
survey of refractories in the copper in- 
dustry will be rewritten as soon as the 
subcommittee can get someone to under- 
take the job. 

A new survey on steel mil! pouring pit 
refractories is being prepared by L. G. 
Ekholm and L. D. Hower, Jr., and the 
United Engineers and Constructors have 
agreed to assign a man to prepare a 
survey on linings for water-gas sets 
Arrangements have not yet been made 
for the handling of proposed new surveys 
on refractories for incinerators and for 
the paper industry. 

Subcommittee II on Research (R. B . 
Sosman, chairman) is planning to publi- 
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TABLE V.- ANALYSIS OF LETTER BALLOT VOTE.- 


Items ^ 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

V'oting” 

I. New Standard, Immediate 
Adoption 

Test for Permanent Linear 
Change Upon Reheating of In- 
sulating Fire Brick, 

30 

0 

1 

II. Revision oe Standards, 
Immediate Adoption 
M ethods of Testing Insulating 
Fire Brick (Compressive 
Strength, Flexural Strength, 
and Permanent Linear Change 
After Heating) (C 93 - 42). . 

30 

0 

1 

Test for Permanent Linear 
Change After Reheating of 
Refractory Brick (C 1 13 - 36j . 

30 

0 

1 

Test for Apparent Porosity, 
Water Absorption, Apparent 
Specific Gravity and Bulk 
Density of Burned Refractory 
Products (C 20 ~ 41) 

25 

0 

0 

III. Adoption oe Tfntatives 
AS Standard 

Test for Sieve Analysis and Wa- 
ter Content of Refractory 
Materials fC 92 - 43 T) 

30 

0 

1 

Test for Combined Drying and 
Firing Shrinkage of Fireclay 
Plastic Refractories (C179- 
43 T) 

29 

0 

1 2 

Symbols for Heat Transmission 
(C 108 -44 T),. 

31 

0 1 

I 

0 

IV. Adoption a.s Standard of 
Tentative Revisions of 
Standards 

Test for Pyrometric Cone 
Equivalent (P.C.E.) of Re- 
fractory hiaterials (C 24 - 42). 

30 

0 

1 

Def, of Term.s Relating to Re- 
fractories (C 71 - 45) 

30 

0 

1 

V. Tentative Revisions of 
Standards 

Pane] Test for Resistance to 
1 hernial and Structural Spal- 
ling of Refractory Brick 
(C 38 - 45) 

31 

0 

0 

Panel Test for Resistance to 
Thermal and Structural Spal- 
ling of High Heat Duty Fire- 
clay Brick (C 107 - 45) 

31 

0 

0 

Panel Test for Resistance to 
Thermal and Structural Spal- 
ling of Super Duty Fireclay 
Brick (C 122 - 45) 

31 

0 

0 

Spec, for Refractories for Malle- 
able Iron Furnaces with Re- 
movable Bungs and for 
Annealing Ovens (C 63 - 41). . . 

29 

0 

2 

Panel Test for Resistance to 
Thermal and Structural Spal- 
ling of Fire Clay Plastic Re- 
fractories (C 180 - 45). . . 


0 

0 

Spec, for Refractories for Heavy 
Duty Stationary Boiler Serv- 
ice (C 64 - 41) , 

29 

0 

2 

Spec, for Refractories for In- 
cinerators (G 106 - 41) .... . . . . 

29 

0 

2 

Spec, for Refractories for Mode- 
rate Duty Statlonaiy Boiler 
Service (C 153 -- 41) .......... 

29 

0 

2 

Def. of Terms Relating to Re- 
fractories (C 71 - 45): 
Definition of Fire Clay 

28 

2 

1 

Definition of Air-Setting 
Mortar. 

29 

0 

2 


TABLE Y— Continued. 


Items 

Affirm- 

ative 

Nega-. 

tive 

Ballots 
Marked 
“Not ■ 
Voting” 

V. Tentative Revision oe 
Standards — Continued 

Test for True Specific Gravity 
of Burned Refractory Mate- 
rials (C 135 -40) 

' 

30 

0 

1 ' , '■ 

Spec, for Fireclay Plastic Refrac- 
tories for Boiler and Incinera- 
tor Services (C 176 - 44) 

29 

0 

■ 2'. 

Test for Workability Index of 
Fireclay’' Plastic Refractories 
(C 181-45) 

30 

0 

i . ■ 1 


cize a series of research problems, the 
solution of which would be of value to 
more than one of the tests now under the 
jurisdiction of Committee C-8. Sug- 
gested problems include: The degree of 
uniformity of raw materials, the applic- 
ability of spectrographic analysis, the 
effect of the time factor in the load test, 
methods for measuring the true tem- 
perature of refractories, and the effect 
of atmospheric composition on the test 
results. 

Subcommittee III on Tests (S. M. 
Phelps, chairman) is composed of the 
chairmen of the several sections de- 
scribed below. The activities of the 
subcommittee are indicated in the fore- 
going recommendations concerning ten- 
tative and standard methods of test, 
and are further discussed under the 
individual sections. Mr. Phelps has 
served as chairman of the subcommittee 
since the death of Mr. tiarvey. 

Section A on Load (J. D. Sullivan, 
chairman) tabulated the results of the 
questionnaire wdiich was sent to every 
laboratory in the United States known to 
have a load-test furnace. Nineteen re- 
ported as having furnaces. From the 
information given in the replies, the sec- 
tion is preparing load test schedules for 
silica, basic, and neutral brick. Con- 
sideration is also being given to the 
magnitude of the load to be used and to 
the methods for making temperature 
readings. 
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Section B on Spalling (R. E. 'Birch, 
chairman) prepared the new paragraphs 
which were approved by the committee 
for incorporation in the spalling pro- 
cedures to describe the method for re- 
moving spalls from the test brick. ' The 
section is now further revising the 
Method of Panel Test for Resistance to 
Thermal and Structural Spalling of Re- 
fractory Brick (C 38 ~ 45) to include 
some of the material contained in the 
Recommended Practice for the Panel 
Spalling Test as issued by the Re- 
fractories Fellowship, Mellon Institute. 
The section is also considering possible 
editorial changes to make clear that 3- 
in. brick may be used as well as 2|-in. 
specimens in the spalling tests. Another 
matter under study by the section is the 
suggestion that the ignition loss of fire- 
clay plastic refractories be obtained by 
placing dried and weighed molded test 
brick on top of the test panel, reweighing 
them on completion of the test, thus 
permitting calculation of the spalling 
loss. 

Section C on Temperature (J. L. Car- 
ruthers, chairman) will investigate vari- 
ous types of furnaces to determine the 
extent of the temperature variation, 
and as a result of this study will recom- 
mend a type of furnace to be used in the 
P.C.E. test so that values of the same 
order can be obtained on each sample. 
The possibility of having cone 32| 
standardized by the National Bureau of 
Standards will be investigated. The 
section is planning to prepare a manu- 
script on methods, apparatus, and tech- 
nique of temperature control for inclu- 
sion in the C-8 Manual as a source of 
information for measuring and control- 
ling heat in the A.S.T.M. procedures. 

Section E on Analysis (L. J. Trostel, 
chairman) reviewed the Methods of 
Chemical Analysis of Refractories (C 
18 - 45) to insure adequate description 
of all equipment. The section considered 
a suggestion that a decrease in the nu, - 


ber of potassium permanganate solu- 
tions of varying, nonnality used in 
Methods C 18 would result in simplifica- 
tion without loss of accuracy. : It .was 
noted that such a change would necessi- 
tate the use of an objectionably large 
amount of one of the standard titrating 
solutions in the analysis of chrome re-, 
fractories, and the suggestio,.n .was 
rejected as applying to this one proce- 
dure. 

Section F on Tests on Refractory In- 
sulation (W. R. Kerr, chairman) pre- 
pared the proposed revision of Standard 
Methods of Testing Insulating Fire 
Brick (C 93 42) and the proposed new 

standard for permanent linear change, 
both of which were approved by the 
committee. The section will study sug- 
gestions for possible improvement of the 
linear change procedure through the use 
of small test specimens. 

In considering the advisability of add- 
ing a group 30 to the present classifica- 
tion of insulating fire brick, the section 
decided against any recommendation at 
this time, because of the very limited 
number of brands on the market. The 
section also decided against adoption of 
a load test for evaluating insulating fire 
brick, as being of little value from the 
standpoint of behavior in service. 

Section G on Porosity and Permanent 
Volume Change (C. E. Fulton, chair- 
man) made the improvements in Meth- 
ods C 113, C 20, and C 135, as described 
earlier in this report under the recom- 
mendation on standards. 

The measurement of changes taking 
place in refractories during the “reheat 
test” has in recent years been made both 
on a volume and linear basis. The sec- 
tion is investigating the desirability of 
reporting volumes in Method C 113. 
This will involve obtaining a suitable 
means for measuring the volume of test 
brick and determining the order of ac- 
curacy of the results as compared with 
carefully made linear measurements . 
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Section H on Mortars and Plastic Re- 
fractories (R« S.' Bradley, chairman) 
recommended the adoption as standard of 
Method C 179 " 43 T, and prepared the 
tentative revision of Method C 181 
specifying a suitable mounting of the 
workability apparatus. Both of these 
actions were approved by Committee 

Subcommittee IV on Heat Transfer 
(R. H. Heilman, chairman) is continuing 
to investigate methods for determining 
thermal conductivity. Mr. Heilman 
will contact the National Bureau of 
Standards to determine if the research 
program, which was interrupted by the 
war, can be resumed. 

Subcommittee V on Precision and Toler- 
ance (W. S. Debenham, chairman) pre- 
pared the paragraphs and tables which 
were approved by the committee for 
incorporation in the several C-8 specifi- 
cations on the subject of the size and 
selection of the sample to be used in 
testing. 

R, A. Heindl served as temporary 
chairman of this subcommittee until 
the appointment of W. S. Debenham at 
the C-8 meeting in November. 

Subcommittee VI on Nomenclature (R. 
A. Heindl, chairman) made the recom- 
mendations in connection with the defin- 
itions in Standard C 71. The subcom- 
mittee is now preparing a definition for 
refractories comprised of chrome and 
magnesite, and also will develop defini- 
tions of special refractory terms in con- 
junction with the program of the new 
Subcommittee on Special Refractories. 

Subcommittee VIII, Editorial (L. J. 
Trostel, chairman) has tentative plans 
for preparing a new edition of the Man- 
ual of A.S.T.M. Standards on Refractory 
Materials for publication in the spring 
of 1947. The subcommittee prepared 
various editorial changes in the stand- 
ards and tentatives under the jurisdic- 
tion of Committee C-8. ' 

Subcommittee IX m Classifications (S. 


M. Swain, chairman) has under study 
various suggestions made in regard to 
the classification of the several grades of 
fireclay refractories under the Classifi- 
cation of Fireclay Refractories (C 27 
- 41). 

Subcommittee X on Petrography (H. 
M. Kraner, chairman) is adapting, for 
inclusion in the next edition of the C-8 
Manual, a manuscript on elementary 
procedures for microscopic examination 
of refractory materials. 

Subcommittee XI on Special Refrac- 
tories (M. C. Booze, chairman) is or- 
ganizing a three-fold program involving 
the preparation of definitions, test pro- 
cedures, and specifications. Definitions 
will be prepared by the Subcommittee on 
Nomenclature, while specifications will 
not be drawn up until the testing pro- 
cedures are available. Test methods to 
be devised include hot strength, shrink- 
age, and spalling and other types of re- 
sistance. The subcommittee plans to 
confine the initial work to silicon car- 
bide, bonded fused alumina, bonded 
mullite, molten cast niullite, zircon, 
and the purer grades of magnesia. 
Leading manufacturers will be consulted 
before deciding upon the particular type 
or types of each of these to be included 
in the initial tests. The subcommittee 
will also consult consumers and research 
organizations interested in special re- 
fractories. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 34 members; 25 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

J. D.. Sullivan, . 

Chairman, 
L. J. Trostel,' , . 

Vice-Chairman, 

S. M. Phelps, 

Secretary, 



REPORT OF COMMITTEE C-9^ 

ON 

CONCRETE AND CONCRETE AGGREGATES 


Committee C-9 on Concrete and Con- 
crete Aggregates held one meeting during 
the year, in Pittsburgh, Pa., on February 
27, 1946. This was the first meeting 
of the full committee since June, 1944. 
Interim meetings were held: One by Sub- 
committee XVIII on Ready Mixed Con- 
crete on March 2, 1944, one by the Ad- 
visory Committee on June 28, 1945, and 
one by Subcommittee V on Editorial and 
Definitions on January 15, 1946. In 
addition, there were meetings of certain 
special working committees and con- 
siderable committee work carried out by 
correspondence. 

On account of the times, this lessening 
of activity requires no explanation. As a 
result, the committee has little to report 
at this time. However, a number of ac- 
tivities were initiated at the February 
meeting which may be completed at the 
meeting of the committee to be held in 
conjunction with the Annual Meeting of 
the Society in June. 

This report discusses problems current 
with the committee, outlines those few 
items on which work has been completed, 
but is devoted principally to matters 
which will be considered by the commit- 
tee at its June meeting and which may 
subsequently be presented to the Society 
for appropriate action. 

In 1945, the committee suffered the 
loss, through death, of one of its most 
valued members, Frederick C. Lang. 
Mr. Lang had been a member of the So- 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


ciety, as representative of the Minnesota 
Highway Department, since 1920. He 
joined Committee C-9 in 1928. He was 
active in the committee’s work, serving 
on several of its subcommittees. Mr. 
Lang was long associated with the Min- 
nesota Highway Department and the 
University of Minnesota, having been 
Engineer of Materials and Research for 
the Highway Department and Associate 
Professor or Professor of Highway Engi- 
neering for the University since 1918. 

Sanford E. Thompson Award , — The 
Sanford E. Thompson Award for a paper 
of outstanding merit on concrete and 
concrete aggregates presented to the So- 
ciety will be made this year to Prof. C. 
W. Muhlenbruch of the Carnegie Insti- 
tute of Technology for his paper on ^IThe 
Effect of Repeated Loading on the Bond 
Strength of Concrete,” published in the 
1945 Proceedings} This is the fifth San- 
ford E. Thompson Award, previous ones 
having been made in 1944, 1941, 1940, 
and 1939. 

CUPKENT AND FUXURE WORK' 

The committee is presently giving con- 
sideration to a major reorganization in its 
subcommittee structure. Action along 
these lines was started in 1942 and a 
definite plan was proposed. However, 
due to war conditions, it was felt that no 
useful purpose would be served by put- 
ting it into effect, and was tabled. A 
reexamination of the problem is now in 
progress, 

’^ Proceedings, Am. Soc, Testing Mats., VoL 45, p. 824 

C1M5). 
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' Briefly, it is felt that' the work of the 
committee is now delegated to too few 
subcommittees with, in many cases, a 
membership too large for efScient func- 
tioning* Further, it is felt that the scope 
of work of some of these subcommittees 
is too broad. In general, the aim is to 
spread responsibility for committee proj- 
ects and to make assignments more spe- 
cific and of a more tangible nature. 

The committee has discontinued its 
Subcommittee VI on Relations of Char- 
acteristics of Materials and Mixtures to 
Properties of Concrete. This was done 
at the recommendation of the chairman 
of the subcommittee, after thorough dis- 
cussion and in recognition of the fact 
that the assigned scope was too broad 
and so intangible as to make it difiScult 
for the subcommittee to function. 

Two new subcommittees have been es- 
tablished which, undoubtedly, will be 
continued under any reorganization 
which may be perfected. One of these 
is to deal with admixtures for concrete 
used as additives to the batch. The 
other is to deal with the problem pre- 
sented by aggregates which react chemi- 
cally with cement. The importance of 
the first has been greatly emphasized by 
the advent of air-entrainment in con- 
crete. ‘^Chemically reactive’’ aggregates 
have presented problems which have 
received much independent study but 
the need for correlation of information 
available, and to be developed, is 
apparent. 

The committee foresees opportunity 
for much useful work. In the specifica- 
tions field the committee’s work leaves 
many gaps unfilled. For example, aggre- 
gates are required to consist of “durable 
particles” but, even for the test methods 
developed by the committee, no conclu- 
sions have been reached as to acceptable 
specifications’ requirements. The same 
thing may be said with respect to certain 
deleterious substances, resistance to abra- 
sion, and other properties of aggregates. 


Test methods, even those most com- 
monly used, need further study— in some 
cases, further refinement and, in other 
cases, modifications to make them of 
more practical use. 

New test methods need development. 
For example, freezing-and-thawing tests 
are widely used in studies of durability of 
aggregates and of concrete, but no pro- 
cedure for the conduct of such tests 
has been developed. What constitutes 
“workability” of concrete is a question 
as old as concrete technology but, while 
independent research has been done, no 
tangible steps have been taken to evalu- 
ate that characteristic. Among other 
problems which may be mentioned as 
requiring attention are: volume changes 
of concrete due to temperature and mois- 
ture, permeability of concrete to water 
and water vapors, elastic properties of 
concrete and methods for their measure- 
ments, resistance to abrasion of concrete, 
resistance of concrete to aggressive solu- 
tions, and methods for evaluating the 
grading of aggregates. These are illus- 
trative; many others might be mentioned 
and will suggest themselves. A commit- 
tee with the title “Concrete and Concrete 
Aggregates” has a field of endeavor ahead 
of it, the limitations of which cannot be 
readily visualized. 

Recommendations Afeecting 
Standards 

The committee has considered the 
Standard Definitions of Terms Relating 
to Concrete and Concrete Aggregates 
(C 125-44) and has made certain revi- 
sions, It recommends that the Standard 
Definitions be withdrawn and that the 
revisions in these former standard defini- 
tions be published as Tentative Defini- 
tions of Terms Relating to Concrete and 
Concrete Aggregates (C 125-46 T), as 
appended hereto.^ 

2 These revised definitions were accepted by the Society 
and appear in the 1946 Book of A.S.T.M. Standards, 

Part II. 
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These recommendations have been 
submitted to letter ballot of the commit- 
tee, which consists of 75 voting members, 
with the results shown in Table 1. 

With respect to the definition for ad- 
mixture which appears in the proposed 
revision of Definitions C 125, Committee 
C-9 directs that definition to the particu- 
lar attention of Committee C-1 on Ce- 
ment with, the request that it give it 
consideration. 

The committee recommends for the 
consideration of Committee E-8 on 
Nomenclature and Definitions the fol- 


table i.-analysis of letter ballot vote. 


Items 

Afilrm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. New Tentative 

Def . of Terms Relating to Con- 
crete and Concrete Aggregates 
(C 12S-46T) 

S3 

9 1 

" 1 

4 

11. Withdrawal of Standard 
Def. of Terms Relating to Con- 
crete and Concrete Aggregates 
(C 125-44)... “ 

56 

1 

0 

3 


lowing revision in the Standard Defini- 
tion of the Term Sand (C 58 - 28) : 

Sand , — ^Change from its present form: 
namely, 

Sand . — ^The fine granular material (usually 
less than | in. in diameter) resulting from the 
natural disintegration of rock, or from the crush- 
ing of friable sandstone rocks. 

to read as follows: 

Sand.— The fine granular material usually 
smaller than i in. resulting from the erosion of 
rock by natural agencies or from the mechanical 
reduction of weakly cemented sandstone. The 
term is often used with a qualifying adjective to 
denote the product of mechanical crushing, as 
for example ^‘stone sand” or “slag sand.” 

. ' Revisions: under Consideration ; 
Affecting .Standards® 

Standard Specifications for Ready-Mixed 
Concrete 

There is a likelihood that, as a result 
of a recent meeting of Subcommittee 


XVIII on Ready-Mixed , Concrete, the 
committee will recommend the .with- 
drawal of the present Standard C 94, ™ 44 
and the adoption as tentative of a revised 
draft. While the revisions to be made 
are important they do not change the 
principles of the present specifications. 

Standard Method of Test for StructMral 

Strength of Fine Aggregate Using Con- 
stant W a ter-Cement-Ratio Mortar 

(C87-44): 

Title , — Change to read as follows: 
^‘Standard Method of Test for Measur- 
ing Mortar-Making Properties of Fine 
Aggregates.^’ 

Section i.- — Change from its present 
form : namely, 

1. This method of test covers the procedure 
for determining the , “structural strength” of 
sands to be used as fine aggregate in concrete by 
means of a compression test on a mortar of plastic 
consistency and gaged to a definite water-cement 
ratio. 

to read as follows : 

1. This method of test covers the procedure 
for measuring the mortar-making properties of 
fine aggregate for concrete by means of a com- 
pression test on specimens made from a mortar 
of plastic consistency and gaged to a definite 
water-cement ratio. Its principal use is intended 
for the determination of the effect of organic 
impurities revealed by the colorimetric test. 

New Section —hAA the following as a 
new Section 2, renumbering the subse- 
quent sections accordingly: 

2. Basis of Comparison —The Tme aggregate 
under test shall be compared, in mortar as de- 
scribed in this test method, with graded standard 
sand having a fineness modulus of 2.40 ± 0.10. 
The graded sand shall consist of a mixture of 
approximately equal parts by weight of standard 
Ottawa sand conforming to the requirements 
prescribed in the Standard Method of Test for 
Tensile Strength of Hydraulic- Cement Mortars 
(A.S.T.M. Designation: C 190) and graded 
Ottawa sand conforming to the requirements 

8 See Addendum to this report, p. 317. 



315 


On Concrete and .Concrete Aggregates 


specified in Section 4 of the Standard Method of 
Test for Compressive Strengtli of Portland 
Cement Mortars (A.S.T.M. Designation: C 109). 

Section Revise the second sen- 

tence which now reads, ‘The flowtable 
with the attached shaft shall weigh 9 ± 
1 Ib./hby changing the weight to “9 ± 
.o:i Ibd^' ,, 

Standard Specifications for Conciete /Ig- 
gregaies 

Section 5(6).— Change from ita present 
form: namely, 

(6) Organic Impurities. ~~-A\\ fine aggregate 
shall be free from injurious amounts of organic 
impurities. Aggregates subjected to the color- 
imetric test for organic impurities and producing 
a color darker than the standard shall be rejected 
unless they pass the mortar strength test as 
specified in Section 5. 

to read as follows: 

(b) Organic Impurities . — All fine aggregate 
shall be free from injurious amounts of organic 
Impurities. Aggregates subjected to the col- 
orimetric test for organic impurities and produc- 
ing a color darker than the standard shall be 
rejected unless, when tested in accordance with 
the Standard Method of Test for Measuring 
Mortar-Making Properties of Fine Aggregate 
(A.S.T.M. Designation: C87), the mortar 
develops a . compressive strength at 7 and 28 
days of not less than . . . per cent® of that devel- 
oped by the mortar specified in that method as 
the basis for comparison. 

® A percentage should be inserted by the engineer to 
suit local conditions. 

Standard Method of Test for Sieve Analy- 
sis of Fine and Coarse Aggregates 
;(C13'6~39): 

Section 3 {a) and (6). — Change from 
their present form: namely, 

3. (a) Samples for sieve analysis shall be 
obtained, by quartering or by use of a sampler, 
from a representative sample selected from the 
material to be tested* 

(6) Samples of fine aggregate for sieve anal- 
ysis shall w^eigh, after drying, not less than the 
amount indicated in the following table: 
Material with at least 95 per cent finer 
than a No. 10 (2000-micron) sieve. . . . 100 g. 
Material with at least 90 per cent finer 
than a No. 4 (4760-micron) sieve and 


more than 5 per cent coarser than a No. 

10 (2000-micron) sieve 500 g. 

to read as follows: 

3. (a) Samples for sieve analysis shall be 
obtained from the materials to be tested by the 
use of a sample splitter or by the method of 
quartering- Fine aggregate sampled by the 
quartering method shall be thoroughly mixed 
and in a moist condition. The sample for test 
shall be approximately of the weight desired and 
shall be the end result of the sampling method. 
The selection of samples of an exact, predeter- 
mined weight shall not be attempted. 

(Jb) Samples of fine aggregate for sieve anal- 
ysis shall weigh, after drying, approximately the 
amount indicated in the following table: 
Material with at least 95 per cent finer 
than a No. 10 (2000-micron) sieve . . . . 100 g. 
Material with at least 90 per cent finer 
than a No. 4 (4760-micron) sieve and 
more than 5 per cent coarser than a No. 

10 (2000-micron) sieve 500 g. 

In no case, however, shall the fraction re- 
tained on any sieve at the completion of the 
sieving operation weigh more than 4 g. per sq. 
in. of sieving surface. 

Note. — ^This amounts to 200 g. for the usual 
8-in. diameter sieve. The amount of material 
retained on the critical sieve may be regulated 
by (7) the introduction of a sieve having larger 
openings than in the critical sieve, or {2) by the 
proper selection of the size of the sample. 

Revisions under Consideration 
xAeeecting Tentatives^ 

Tentative Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or 
Magnesium Stdfate (C88~-44T): 

Section 4{b ). — ^Add a new sentence af- 
ter the first sentence to read as follows: 
“Such sizes shall be tested in accordance 
with the procedure for fine aggregates.’’ 

Provide for twu alternate groups of 
sizes of coarse aggretates. The first 
alternate would allow bhe use of suitably 
proportioned to 1-in. and 1- to 2-in. 
sizes in lieu of f- to f-in., f- to Ij-m., and 
1|- to 2j-in, sizes when the grading of 
the sample is such as to make them 
more appropriate. The second alternate 
would provide for the use of more closely 
graded sizes as follows: 
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Ho. 4 to I in. . 300 g. 

I to I in.. . 500 g. 

I to I in.... 750 g. 

fto Tin.... lOOOg. 

1 to 1| in. . 1500 g. 

2000 g. 

Larger sizes by l-in, spread in sieve size, 
eacii fraction 3000 g. 

This second alternate would be accom- 
panied by a note reading as follows: 

Note. — I t should be noted that testing closely 
sized aggregates such as these constitutes a more 
severe test than testing a graded aggregate and 
this fact should be taken into account in estab- 
ing limits in writing specifications. 

Section 6(a ), — ^Add the following note 
to this paragraph: 

Note, — S uitably weighted wire grids 
placed over the sample in the containers 
will permit this coverage to be achieved 
with very lightweight aggregates.” 

Section 6(b ). — Change the fourth sen- 
tence from its present form: namely, 
“The samples shall be dried to constant 
weight at the specified temperature.” 
to read as follows: “The samples shall be 
dried for 5 to 7 hr. at the specified tem- 
perature.” 


Add a new Paragraph (d) to read as 

follows: 

(d) Length of Cycle.— Om cycle shall consist 
of an immersion period of 16 to 18 hr. followed 
by a drying period of 5 to 7 hr. and shall be 
completed within 24 hr. except that when the 
continuity of the cycle is interrupted the sam- 
ples shall be stored at room temperature in a 
dry condition until the test is resumed. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, Kenneth B. Woods. 

Vice-Chairman, Fred Hubbard. 

Secretary, Stanton Walker. 

This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 75 voting members; 59 members 
returned their ballots, of whom all have 
voted affirmatively. 

Respectfully submitted on behalf of the 
committee, 

F. E. Richart, 
Chairman, 

Stanton Walker, 

Secretary. 
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The Report of Committee C-9 on 
Concrete and Concrete Aggregates, pre- 
pared prior to the annual meeting, refers 
to a number of revisions then under con- 
sideration. Actions were taken with re- 
spect to certain of them at the meeting 


TABLE II.-ANALYSIS OF LETTER BALLOT VOTE 


Items 

Affirm- 
' ative 

Nega- 

tive 

Ballots 

Marked 

‘‘Not 

Voting” 

L Revision of Tentative 
Test for Soundness of Aggregates 
by Use of Sodium Sulfate or 
Magnesium Sulfate (C 88 - 
44 T): 

Section 4 (&) on Coarse Aggre- 
gate Samples 

SO 

0 

11 

Addition of Grading Alternate 
A 

47 

1 

13 

Addition of Grading Alternate 
B 

45 

3 

13 

Revision of Section 6 (a) 

50 

0 

11 

Revision of Section 6 (br • > • • 

31 

16 

14 

Addition of Section 6 (d)“ . , . . 

31 

16 

14 

11. Adomion or Tentative as 
Standard 

Test for Abrasion of Gravel by 
Use of the Deval Machine, 
(D 289 - 42 T), as revised 

55 

0 

6 

III. Revision of Standard, 
Immediate Adoption 

Spec, for Concrete Aggregates 
(C 33-44) 

54 

0 

4 

Test for Structural Strength of 
Fine Aggregate Using Constant 
Water Cement Ratio Mortar 
(C87-44).. 

55 . 

0 

3 

Test for Abrasion of Coarse 
Aggregate by Use of the Los 
Angeles Machine (C 131 -44). 

48 

0 

10 

Test for Sieve Analysis of Fine 
and Coarse Aggregates (C 
136-39) 

56 

0 

2 


® These items failed to receive the necessary two-thirds 
affirmative vote for approval and accordingly were not 
adopted. 


of the committee held in Buffalo, N. Y., 
on June 27, 1946. These actions were 
presented at the general session of the 
Society on June 28, and adopted subject 
to letter ballot of the committee and of 
the membership of the Society. The 
items outlined in the original report on 


which affirmative actions were taken by 
the committee and by the Society are 
listed in Table II. 

In addition, Committee C-9 concurred 
with Committee D-4 in revisions as given 
in the report of that Committee,^ of two 
test methods under the joint jurisdiction 
of the two committees, namely, the 
Methods of Test for Abrasion of Coarse 
Aggregate by use of the Los Angeles 
Machine (C 131 -44), and for Abrasion 
of Gravel by Use of the Deval Machine 
(D 289 - 42 T), Method D 289 to be 
adopted as standard. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee, which consists of 72 voting mem- 
bers, with the results shown in Table II. 

With respect to the Standard Specifi- 
cations for Ready-Mixed Concrete (C 
94-44), referred to in the original re- 
port, no final action was taken. The 
proposed revised specifications were re- 
ferred back to Subcommittee XVIII with 
authority to present them, as revised, to 
the Society through the Administrative 
Committee on Standards. 

This addendum has been submitted to 
letter ballot of the committee which con- 
sists of 72 voting members; 58 members 
returned their ballots of whom 55 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

: K.B.. Woods, 

Stanton Walker, 

Secretary. 


I See p.36r. 
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REPORT OF COMMITTEE C-12^ 

ON 

MORTARS FOR UNIT MASONRY 


The activities of Committee C-12 
on Mortars for Unit Masonry were 
practically discontinued during the war 
and the committee held no meetings 
during 1945. However, a well-attended 
meeting was held in Washington, D. C., 
on March 7, 1946, during which the 
renewal of committee activities was dis- 
cussed and a tentative program was 
outlined for various subcommittees. 

The committee now consists of 34 
members, of whom 13 are classified as 
producers, 7 as consumers and 14 as 
general interest members. 

The present officers of the committee 
have been re-elected for the ensuing term 
of two years. 

Activities ot Subcommittees 

Subcommittee II on Research (F. O. 
Anderegg, chairman) plans research 
directed toward the development of 
reproducible tests of mortar, particularly 
determination of consistency and a 
^ ‘field tesP’ of mortar. 

Subcommittee III on Specifications and 
Methods of Tests for Mortar (H. C. 

Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946, 


Plummer, acting chairman) is now 
considering a specification for mortar 
proposed by the National Lime Associa- 
tion and expects to recommend a mortar 
specification to the committee for pub- 
lication as tentative during the current 
year. 

W orking Subcommittee on Efflorescence 
(P. L. Rogers, chairman) has planned a 
series of tests to determine the effloresc- 
ing tendencies of mortars and hopes to 
establish correlation between the results 
of such tests and the performance of 
mortars in structures. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 35 members; 26 members re- 
turned their ballots, all of whom have 
voted afiirmatively. 

Respectfully submitted on behalf of 
the committee, 

,T.I.Coe, 

Chairman. 

H. C. Plummer, 

Secretary, 
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REPORT OF COMMITTEE C-14* 

ON 

GLASS AND GLASS PRODUCTS 


Committee C~14 on Glass and Glass 
Products held one meeting during the 
year in Buffalo, N. Y., on May 1, 1946, 

Subsequent to the 1945 Annual Meet- 
ing, Committee C-14 presented to the 
Society through the Administrative 
Committee on Standards a proposed revi- 
sion of the Tentative Definition of The 
Term Glass (C162~41T) which was 
accepted^ on June 27, 1945, the revised 
definition appears in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, 
Part II, p. 147. 

A special compilation of '‘A.S.T.M. 
Standards on Glass and Glass Products’’ 
will be published by the Society shortly 
after the Annual Meeting. This publi- 
cation is sponsored by Committee C-14, 
and the Advisory Committee has care- 
fully considered the material that should 
be included in the first edition of this 
publication. 

The present officers of the committee 
and the members of the Advisory Com- 
mittee have been re-elected for the ensu- 
ing term of two years. 

Activities of SuBCOMmiTEES 

Subcommittee I on NomenclaUire and 
Definitions (F. C. Flint, chairman). — 
This subcommittee prepared the revised 
Definition of the Term Glass (C 162 ~ 
45 T) now published as tentative. 

Subcommittee II on Chemical Analysis 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 In submitting this recommendation to the Adminis- 
trative Committee on Standards, Committee C-14 reported 
the following results of the letter ballot vote of a total of 
39 ballots returned from a membershij) of 63: affirmative 
31, negative 0, ballots marked *ffiot voting” 8. 


(G. E. F. Lundell, chairman). — The sub- 
committee is considering the preparation 
of standard methods for the chemical 
analysis of glass-making materials such 
as feldspar, fluorspar, and lime, as well 
as a standard sample of a suitable lime- 
stone for ignition, to yield lime as needed 
for such purposes . The N ation al B ureau 
of Standards has offered standard ana- 
lyzed samples of soda and potash, feld- 
spars and fluorspars for use with these 
materials. The subcommittee will en- 
deavor to recommend standard methods 
at the next Annual Meeting. 

Subcommittee III on Chemical Proper- 
ties (J, F. Greene, chairman). — ^The sub- 
committee is participating with Sub- 
committee VII in a comparative study of 
ten methods (four U.S. Pharmacopeia 
and six from Subcommittee III) on dura- 
bility of glass and glass containers for the 
purpose of reducing the number of test 
methods to a minimum and to permit 
selection of a reasonable number of 
standard tests. 

Subcommittee VI on Glass Construction 
Block and Tile (J. C. Kohl, chairman, 
succeeding J. P. Staples). — ^A new draft 
of Proposed Methods for Sampling and 
Testing Structural Non-Load-Bearing 
Cellular Glass Blocks has been prepared 
and submitted to the subcommittee pre- 
paratory to their submission to Commit- 
tee C-14 for approval as tentative. 

Subcommittee VII on Glass Containers 
(W. R. Lester, chairman).— Discussion is 
under on the revision of the Stand- 
ard Method of Hydrostatic Pressure Test 
on Glass Containers (C 147 - 43), Stand- 
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Report of Committee C-M 


ard Method'ofPolariscopic Examination 
of Glass Contamers (C 148 -'43), and 
Standard Method of Thermal Shock Test 
on Glass Containers (C 149 43), as a 
result of experience and knowledge 
gained through use over the past five 
years and from work in progress in sev- 
eral individual laboratories. Progress on 
the ring section examination method of 
glass containers is expected to be held up 
for at least two years due to lack of avail- 
ability of suitable optical equipment. A 
suitable sampling method for glass con- 
tainers is in progress, based on the experi- ’ 
ence of the Army Ordnance Department. 

Subcommittee VII-A on Pharmaceuti- 
cal Containers (F. C. Flint, chairman) 
has been working with the U.S.P. Com- 
mittee in testing samples of several types 
of glass with the various standard 
methods of A.S.T.M. and U.S.P. Three 
of the six testing laboratories have al- 
ready submitted results of their first 
test and, when results of the other three^ 
are in, statistical analyses of the data 
will be made and a meeting of the sub- 


committee will be held to determine the 
next series of tests. The hope is that 
the two methods can be made identical; 
thus the number of standards which the 
U.S.P. lists can be simplified. 

Subcommittee VIII on Flat Glass (D. 
E. Sharp, chairman). — After a, lapse of 
activity due to the war, projects have 
now been initiated toward the standard- 
ization of test methods and reports for 
light and heat transmission of heat- 
absorbing glass. 

This report has been submitted to 
letter ballot of the committee, which con- 
sists of 51 members; 30 members re- 
turned their ballots, of whom 27 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

Louis Navias, 
Chairman. 

S. R. SCHOLES, 

Secretary. 



REPORT OF COMMITTEE C45* 

ON 

MANUFACTURED MASONRY UNITS 


During the past year, Committee 
C4S on Manufactured Masonry Units 
held one meeting on March 6, 1946, in 
Washington, D. C. The recommenda- 
tions that were considered at this 
meeting appear in this report. 

I. New Tentative 

The committee recommends for pub- 
lication as tentative new Specifications 


TABLE I.~PERMISSIBLE VARIATIONS IN 
DIMENSIONS. 


Standard Dimension, in. 

Permissible 
Variations 
from Standard 
Dimension, max., 
plus or minus 

Face Height oe Length 

Up to 3 


Over 3 to 5, incl 

% 

Over S to 8, incl. 

% 

Over 8 to 12, incl 

% 

Thhotjgh the Wall Thickness 

Up to 4. 


Over 6 to 8, incl 

% 





Note.— For a list of modular sizes, see American 
Standard A62.3. All of the sizes listed in this standard 
are not produced in some parts of the United States and 
purchasers should ascertain the size or sizes available. 

for Structural Clay Facing Tile, as 
appended hereto. ^ 

II. Tentative Revisions of 
S lJANDARDS 

Specifications for Building Brick {Made 
from Clay or Shale) (C 62 - 44) 
Title,— an asterisk in the title 
after “Building Brick’’ and add the 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 See Editorial Note, p. 322, 

* 1944 Book of A.S,T.M. Standards, Part II, 


following footnote: “’*'When the term 
brick is used in these specifications, it 
should be understood to mean brick or 
solid masonry units.” 

Section 3 (a), — Change to read as 
follows: 

3. (a) Size , — The size of brick shall be as 
specified by the purchaser and the average size 
of brick furnished shall approximate the size 
specified in the invitation for bids. The maxi- 
mum permissible variation in dimensions of 
individual units shall not exceed those given in 
Table II (the accompanying Table I), 

Specifications for Sand- Lime Building 
Brick (C 73 - 39).^ — The committee 


TABLE 11,-ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting^» 

I. New Tentative 

Spec, for Structual Clay Facing 
Tilei 

36 

0 

i 6 

II. Tentative Revisions of 
Standards 

Spec, for Building Brick (Made 
from Clay or Shale) (C 62 - 44). 

31 

0 

It 

Spec, for Sand-Lime Building 
Brick (C73-39) 

33 

0 

9 

Methods of Sampling and Test- 
ing Brick (C 67 - 44) 

31 

0 

■ ^11 


recommends the same revisions in these 
specifications as shown above for Speci- 
fications C 62 - 44. 

Methods of Sampling and Testing Brick 
(C 67 - 44):2 

Section 10 (c)— Change the last 
sentence from its present form ^^The 
caps shall be aged at least 2 hr. before 
the specimens are tested,” to read 
“The caps should be aged at least 16 hr. 
before the specimens are tested.” 
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Report oe Committee C-15 


Tlie recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, which 
consists of 59 members, with the results 
shown in Table II. ■ ■ ' 

Activities oe Subcommittees 

All of the subcommittees of Committee 
C-15 have been somewhat inactive during 
the war but have indicated a great deal 
of interest in the various specifications 
under their jurisdiction, and it may be 
expected that the specifications will be 
closely scrutinized in the near future for 
any possible need of revision. 


The present officers of the committee 
have been re-elected for the ensuing term 
of two years. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 59 members; 29 members 
returned their ballots, of whom 28 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

D. E. Parsons, 
Chairman. 

J. W. Whittemore, 

Secretary. 


Editorial Note 

Subsequent to the Annual Meeting, Committee C--15 presented to the Soci- 
ety through the Administrative Committee on Standards the following 
recommendations : 


Tentative Revision of Standard Specifications for: 

Building Brick (Made from Clay or Shale) (C 62 - 44), 

Structural Clay Load-Bearing Wall Tile (C 34 - 41), 

Structural Clay Non-Load-Bearing Tile (C 56-41), and 
Structural Clay Floor Tile (C 57 - 39). 

Tentative Revision of Standard Methods of: 

Sampling and Testing Brick (C 67 - 44), and 
Sampling and Testing Structural Clay Tile (C 112 - 36). 

Revision of Standard and Reversion to Tentative: 

Definitions of Terms Relating to Structural Clay Tile (C 43 - 46 T). 

These recommendations were accepted by the Standards Committee on 
September 9, 1946, and appear in the 1946 Book of A.S.T.M. Standards, 
Part II. 

On November 23, 1946, the Standards Committee accepted the Proposed 
Specifications for Structural Clay Facing Tile for publication as tentative. 
The new tentative specifications have been assigned the designation 
C 212- 46 T and appear in the 1946 Book of A.S.T.M. Standards, Part II, 
p.,.l32i.''' : 

Committee C-15 presented to the Standards Committee new Tentative 
Specifications for Facing Brick (Solid Masonry Unit Made from Clay or 
Shale) which were accepted on September 9, 1946. On subsequent recom- 
mendation of Committee C-15 publication of these specifications as tentative 
has been withheld, / , 



REPORT OF COMMITTEE C-16* 

ON 

THERMAL INSULATING MATERIALS 


Committee C-16 on Thermal Insulat- 
ing Materials and several of its subcom- 
mittees held meetings on only one 
occasion during the past year. This was 
during the Spring Group Meetings held 
the week of February 25, 1946, at Pitts- 
burgh, Pa. At the meeting of the com- 
mittee held on February 27, 1946, elec- 
tion of officers for the ensuing term of 
two years resulted in the selection of the 
following: 

Honorary Chairman, J. H. Walker. 

Chairman, Ray Thomas. 

Vice-Chairman, B. A. Hollenbeck. 

Secretary, K. M. Ritchie. 

Advisory Committee, C. B. Bradley, 
P. D. Close, and R. FI. Fleilman. 

Another important action taken at 
this meeting was the reinstatement of 
the program, in force before Pearl 
Harbor, of holding two meetings of sub- 
committees each year, which reinstate- 
ment is to be effective at least for 1946. 
It is hoped that the work of the various 
subcommittees will be expedited by this 
additional meeting. 

L New Tentatives 

The committee recommends that the 
following specifications and test pro- 
cedures be accepted for publication as 
tentative: Tentative Specifications for 
Structural Insulating Board Made from 
Vegetable Fibers,^ and Tentative Meth- 
ods of Testing Structural Insulating 
Board Made from Vegetable Fibers.^ 

^ Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 These methods and specifications were accepted as 
tentative by the Society and appear in the 1946 Book of 
A.S.T.M. Standards, Part 11. 


IL Tentatives Continued as ■ 
Tentative 

The committee recommends that the 
following specifications and methods 
that have remained in the tentative 
status for two years or less without 
revision be continued as tentative ; 

Tentative Specifications for: 

85 per cent Magnesia Thermal Insulating 
Cement (C 193 - 44 T), 

Asbestos Thermal Insulating Cement (C 194 - 
44 T), 

Mineral Wool Thermal Insulating Cement 
(C 195--45T), 

Expanded or Exfoliated Vermiculite Thermal 
Insulating Cement (C 196 - 44 T), 
Diatomaceous Silica Thermal Insulating Cement 
(C197-44T), and 

Tentative Method of Test for: 

Flexural Strength of Preformed Block Type 
Thermal Insulation (C 203 -• 45 T). 

The recommendations appearing in 
this report have been submitted to letter 


TABLE I.— ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Afhrm- 
, ative 

Nega- 
j ■ tive ■■ 

Ballots 

Marked 

“Not 

Voting" 

New Tentatives 

Spec, for Structural Insulating 
Board Made from Vegetable 
Fibers 

38 

0 

8 

Methods of Testing Structural 
Insulating Board Made from 
Vc'getable Fibers 

37 

3 ■ , 

6 





ballot of the committee, which consists 
of 54 voting members; 46 members re- 
turned their ballots, with the results 
shown in Table I. 
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Report OF Committee ' C46 


AcTiviTrEs OF : Subcommittees 

There has been no change from previ- 
ous reports in the scope of the work 
being undertaken by the various sub- 
committees. Changes in chairmanships 
have been made in some cases. Listed 
below are the subcommittees with their 
present chairmen. 

Subcommittee I on Physical Properties of 
Preformed Block Insulation, Including Pipe 
Covering, C. B. Bradley, chairman. 

Subcommittee II on Physical Properties of 
Structural Insulating Board made from Both 
Mineral and Vegetable Material, P. D. Close, 
chairman. 

Subcommittee III on Physical Properties of 
Thermal Insulating Cement, H. W. Greider, 
chairman. 

Subcommittee IV on Physical Properties of 
Blanket and Semirigid Insulation Made from 
Both Mineral and Vegetable Material, R. E. 
Cryor, chairman. 

Subcommittee V on Physical Properties of 
Loose-Fill Insulating Materials Made from 
Both Mineral and Vegetable Material, J. F. 
White, chairman. 

Subcommittee VI, A.S.T.M. Section of Joint 
Committee on Thermal Conductivity of All 
Forms of Insulation, F. B. Rowley, chairman. 

Subcommittee VII on Measurement of 
Thermal Properties Other than Thermal Con- 
ductivity of Thermal Insulating Materials, 
G. M. Rapp, chairman. 


Subcommittee VIII on Studies of Dimen- 
sional Standards of Preformed Insulation, Ray 
Thomas, chairman. 

Subcommittee IX, A.S.T.M. Section of Joint 
Committee on Studies of Vapor Barriers Applied 
to Thermal Insulation Used Especially in the 
Air Conditioning and Refrigeration Fields, (A 
joint committee having representatives on it 
from A.S,T.M,, A.S.R.E., A.S.H.V.E., and 
T.A.P.P.I.), R. H. Heilman, chairman. 

Subcommittee X on Editorial Functions, 
B. A. Hollenbeck, chairman. 

Subcommittee XI, Liaison with Committee 
C-8 on Refractories, R. H. Heilman, chairman. 

All of these subcommittees have car- 
ried on their assigned work during the 
past year. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 54 members; 40 members 
returned their ballots, of whom 39 voted 
affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

E. T, Cope, 
Chairman. 

Ray Thomas, 

Secretary. 



REPORT OF COMMITTEE CAS^ 

ON 

NATURAL BUILDING STONES 


Committee C»18 on Natural Building 
Stones has held no meetings since the 
presentation of its previous report^ to 
the Society in 1942 because most of the 
members have been engaged in emer- 
gency work which prevented their par- 
ticipation in the less urgent matters 
with which this committee has been 
concerned. With the expected return 
of normal construction operations involv- 
ing stone there will be renewed interest 
in the various matters before the 
committee. 

Since the 1942 report was presented 
there have been five resignations includ- 
ing four producers and one consumer. 
The committee now consists of 16 
members, of whom 4 are classified as 
producers, 6 as consumers, and 6 as 
general interest members. 

Recently Subcommittee III on Test 
Procedures has taken steps to make 
certain revisions in the Standard Meth- 
ods of Test for Absorption and Apparent 
Specific Gravity of Natural 'Building 
Stone (C 97 - 36) in order to bring them 
more in line with similar procedures on 
other materials. Other test methods 
which have stood for several years 
without change will also receive con- 
sideration. 


* Preseated at the Forty-nintii Annual Meeting of the 
Society /June 24-28, 1946, 

1 FroceedingSt Am. Soc, Testing Mats., Vol. 42, p. 285 
(1942). 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, Oliver Bowles. 

Vice-Chairman, T. L Coe. 

Secretary, D. W. Kessler. 

Adoption of Tentative as Standard 

The committee recommends the adop- 
tion as standard of the Tentative 
Method of Test for Compressive Strength 
of Natural Building Stone (C 170- 41 T)^ 
and accordingly asks that this recom- 
mendation be approved for reference to 
letter ballot of the Society. 

This recommendation was submitted 
in 1944 to letter ballot vote of the com- 
mittee, which consisted of 16 members 
all of whom returned their ballots, IS 
voting affirmatively, 0 negatively, and 1 
member marked his ballot “not voting,’ 

This report has been submitted to 
letter ballot of the committee, which 
consists of 16 members; 16 members 
returned their ballots, of whom 14 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

W. C. Clark, 
Chairman. 

D. W. Kessler, 

Secretary. 

3 1944 Book of A.S.T.M. Standards, Part II. 
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REPORT OF COMMITTEE 

ON 

PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held one 
meeting during the 3^ear on February 
27, 1946, in Pittsburgh, Pa. 

During the past year Subcommittee 
XIII on Shellac has again become active 
in order to undertake the sponsorship of 
the American Standards Association ac- 
tivities in the United Nations Standards 
Coordinating Committee on matters per- 
taining to the grading and testing of 
shellac. A new Subcommittee XI on 
Resins, under the chairmanship of J. J. 
Mattiello, has been formed to develop 
methods of test and specifi.cations for 
resins. 

Subsequent to the 194v5 Annual Meet- 
ing, Committee D-1 presented to the 
Society through the Administrative Com- 
mittee on Standards a number of recom- 
mendations which are listed in Table I, 
together with the results of the letter 
ballot vote in Committee D-1 and the 
date of acceptance by the Standards 
Committee. The new and revised tenta- 
tives have been given the designations 
indicated and together with the tentative 
revisions appear in the February, 1946, 
compilation of “A.S.T.M. Standards on 
Paint, Varnish, Lacquer, and Related 
Products’^ and in the 1945 Supplement 
to Book of A.S.T.M. Standards. 

. Recommendations Aeeecting 
Standards 

Fourteen subcommittees have sub- 
mitted reports of progress, seven of which 
cover recommendations affecting stand- 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


ards as a result of which the committee is 
submitting six new tentatives, revisions 
of three tentatives, revision of one 
standard for immediate adoption, revi- 

TABLE I.— RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE ON STAND- 
ARDS, AUGUST 27, 1945, INCLUDING RECORD OF 
LETTER BALLOT VOTE. 


Items 

Af- 

firma- 

tive 

Neg- 

ative 

Ballots 

Marked 

“Not 

Voting” 

Neiti TentaHve Methods of: 

Test for Evaluating Degree of 
Resistance of Traffic Paints to 
Abrasion (D 821 - 45 T) ...... . 

99 

0 

50 

Producing Films of ^ Uniform 
Thickness of Organic Finish- 
ing Materials on Test Panels 
(D 820 -45 T) 

98 

0 

51 

New Tentative Recommended 
Practice for: 

Operating Light and Water Ex- 
posure Apparatus (Carbon- 
Arc-Type) tor Testing Paint, 
Varnish, Lacquer, and Related 
Products (D 822 - 45 T) 

96 

0 

53 

Revised Tentative Methods of: 
Test for Phthalic Anhydride 
Content of Alkyd Resin Solu- 
tions (D 563 » 45 T) 

92 

0 

57 

Preparation of Steel Panels for 
Exposure Tests of Enamels 
for Exterior Service (I) 609 - 
45 T) 

105 

2 

42, 

Tentative Revisions of Standard 
Specifications for: 

Pure Chrome Green (D 212 - 41) . 

96 

0 

53 

Chrome Oxide Green (D 263 - 41) . 

96 

0 

53 

Prussian Blue (D 261 - 41) 

93 

0 

56 

Ultramarine Blue (D 262 - 41). . 

87 

0 

62 

Titanium Dioxide Pigments 
(D 476 -41). 

93 

■3 

54 

Bone Black (D 210-41)........ 

86 

0 

63 

Carbon Black (D 561 - 41) 

88 

0 

61 

Lampblack (D 209 - 41). ...... . 

89 

1 

59 

Tentative Revisions of Standard 
Methods of: 

Chemical Analysis of White 
Pigments (D 34 - 39). ..... . . , 

93 

0 


Test for Consistency of Exterior ! 
House Paints and Enamel- i 
Type Paints (D 562 - 44) 

101 

0 

48, 


sion of one standard and reversion to 
tentative, and is recommending the 
adoption of five tentatives as standard 

326 



On PainTj VarnisHj Lacquer, anD' Relateb Products 327 


TABLE II.-ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Af. 

firma- 

tive 

Nega- 

tive 

Ballots 

Marked 

“Not 

Vffiting” 

I. New Tentatives 
E valuating Degree of Resistance 
of Traffic Paint to Bleeding. . . 

85 

0 

33 

Evaluating Degree of Settling of 
Traffic Paints 

86 

1 

38 

Spec, for Pumice Pigment. . ... . . 

71 

0 

54 

Test for Cellulose Acetate 

75 

1 

48 

Test for Changes in Protective 
Properties of Coatings of 
Paint, Varnish, Lacquer, and 
Related Products on Steel 
Surfaces When Subjected to 
Immersion (formerly issued as 
Emergency Method ES - 35) . . 

87 

0 

31 

Spec, for Titanium Dioxide Pig- 
ments (D 476~46T).. 

86 

2 

34 

II. Revision OE Tentatives 
T est for Dry to No-Pick-Up 
Time of Traffic Paint (D 711 - 
43 T) 

86 

0 

39 

Spec, for Red and Brown Iron 
Oxide Pigments (D 84 - 43 T) . 

82 

1 

42 

Spec, for Yellow Iron Oxide, 
Hydrated (D 768- 44 T) 

81 

1 

42 

III. Revision op Stanbabd and 
Reveision to Tentative 
C hemical Analysis of Zinc Yellow 
Pigment (Zinc Chromate Yel- 
low) (D 444-39) 

85 

0 

39 

IV. Tentative Revisions or 
Stand aeds 

Sampling and Testing Lacquer 
Solvents and Diluents (D 268 - 
44) 

82 

0 

44 

Spec, and Tests for Soluble 
Nitrocellulose (D 301 - 33) . ... 

74 

0 

52 

V. Adoption op Tentatives as 
Standard 

Spec, for Oiticica Oil (Perma- 
nently Liquid) (D 601 - 41 T), 
as revised 

77 

0 

48 

Test for Light Sensitivity of 
Traffic Paint (D 712-43T).. . 
Conducting Road Service Tests 
on Traffic Paint (D 713 - 43 T) 

82 

0 

41 

79 

0 

45 

Def, of Terms Relating to Paint, 
Varnish, Lacquer, and Re- 
lated Products (1)16-44T), 
as revised 

105 

2 

16 

Spec, for Methyl Ethyl Ketone 
(D 740 - 43 T) 

86 

0 

38 

Spec, for Isopropyl Alcohol 
(D 770 -44 T) 

78 

,0 

45 

Test for Water in Lacquer Sol- 
vents and Diluents (D 268 - 
44 T) 

79 

0 

44 

VI. Revision oe Standard, 
Immediate Adoption 
S pec, for Tricresyl Phosphate 
(D 363 - 36)... 

74 

0 

52 

VII. Adoption as Standard oi 
Tentative Revisions of 
Standards 

Spec, for Lampblack (D 209 - 41) 

1 88 

1 

37 

Spec, for Bone Black (D 210 - 41) 

1 86 

1 

37 

Spec, for Carbon Black (D 561 - 
41) 

, 88 

1 

37 

Spec, for Prussian Blue (D 261 - 
41), 

, 84 

1 

39 

Spec, for Ultramarine Blue 
(D 262 -41). ................. 

Spec, for Pure Chrome Green 
(D212 -41). ................. 

83 

84 

1 

i 

40 

40 

Spec, for Chrome Oxide Green 
(D 263 -41)...............,.,. 

, 85 

1 

40 


without revision and two with revision, 
and the adoption as standard of seven 
tentative revisions of standards. The 
committee is also submitting for' publica- 
tion a new tentative (formerly an emer- 
gency standard) with editorial revisions. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 265 members, 
with the results shown in Table II. 

Activities OF Subcommittees 

Subcommittee II on Drying Oils 
(Francis Scofield, chairman) recommends 
that the Tentative Specifications for 
Oiticica Oil (Permanently Liquid) 
(D 601 - 41 T)^ be adopted as standard 
with a modification consisting of a re- 
duction in the minimum requirement 
for viscosity from “18’’ to “13” poises. 

The subcommittee is preparing speci- 
fications for dehydrated castor oil and is 
investigating methods for measuring the 
acetone insoluble or acetone number of 
heat-bodied linseed oils. 

The subcommittee is studying the 
Standard Methods of Testing Drying 
Oils (D 555 - 41) with the view of bring- 
ing the methods up to date. 

Subcommittee III on Bituminous Emul- 
sions (E. M. Berger, chairman) is pre- 
paring methods of test for bituminous 
emulsions intended for use as protective 
coatings. 

Subcommittee IV on Traffic Paint 
(G. W. Ashman, secretary) recommends 
the adoption as standard without revi- 
sion of the Tentative Methods of Test 
for Light Sensitivity of Traffic Paint 
(D 712 - 43 T) and for Conducting Road 
Service Tests on Traffic Paint (D 
713- 43 T). 

The subcommittee recommends for 
publication a new Tentative Method of 
Evaluating the Degree of Resistance of 
Traffic Paint to Bleeding^ and a new 
Tentative Method for Evaluating De- 
gree of Settling of Traffic Paint.^ 

1 1944 Book of A.S.T.M. Standards, Part II. 

2 These methods and specifications were accepted as 
tentative by the Society and appear in the 1946 Book of 
A.S,T.M. Standards, Part II. 
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The subcommittee recommends the' 
following revisions in the Tentative 
Method of Test for Dry to NoTick-Up 
Time of Traflac Paint (D 711-43 T):i 

Section 3 (6).- — In the jBxst sentence, 
after the word add ^Vithout 

downward thrust by operator.’^ In the 
third sentence, after “30 sec.^^ add 
“ (Note) /V Add the following note to 
this section: 

Note.— P rogressive softening of the rubber 
tire by solvent in the paint or solvent used to 
clean the wheel will affect the end point. No 
solvent shall be used to clean the wheel while 
tests are being run. 

The subcommittee is continuing its 
work on the development of tests for 
abrasion, adhesion, flexibility and hard- 
ness of traffic paint. 

The subcommittee is also continuing 
its study of methods of measuring the 
night visibility of traffic paints. In this 
connection the use of white lacquer- 
coated sandpaper of various degrees of 
coarseness is giving indication of being 
satisfactory for use as standards for the 
calibration of instruments and for use for 
the visual ratings of traffic paints. 

Subcommittee V on Volatile Solvents 
for Organic Protective Coatings (M. B. 
Chittick, chairman) is developing a pro- 
cedure for evaluating hydrocarbons as 
thinners for protective coatings. The 
subcommittee is considering proposing 
specifications for heavy mineral spirits. 

Subcommittee VI on Definitions (C. H. 
Rose, chairman) recommends that the 
Tentative Definitions of Terms Relating 
toJ^Paint, Varnish, Lacquer and Related 
Products (D 16 - 44 T)^ be adopted as 
standard with the following revisions, 
and accordingly asks for a nine-tenths 
affirmative vote at the Annual Meeting 
in order that these modifications may be 
referred to letter ballot of the Society: 

Resin. — Change the items under this 
heading to read as follows: 


Natural Resm,-"A solid organic substance 
originating in the secretion of certain plants or 
insects which is thermoplastic, flammable, non- 
conductive of electricity; breaks with a con- 
choidal fracture (when hard) and dissolves in 
certain specific organic solvents but not water. 

Fossil Resin. — K natural resin of ancient 
origin usually found in the earth. 

Synthetic Resin . — A synthetic substance 
physically similar to natural resin. 

Urea Resin . — A synthetic resin made from 
urea and an aldehyde. 

Acrylic Resin . — A synthetic resin made from 
derivatives of acrylic acid. 

Vinyl Resin.— A synthetic resin made from 
vinyl compounds. 

Styrene Resin.— A sjmthetic resin made from 
vinyl benzene. 

Melamine Resin . — A synthetic resin made 
from melamine and aldehyde. 

Maleic Resin . — A resin made from a natural 
resin and maleic anhydride or maleic acid. 

Ester Gum . — A resin made from rosin and 
glycerine. 

Alkyd Resin . — A synthetic resin made from 
polyhydric alcohols and poly basic acids; gen- 
erally modified with resins, fatty oils or fatty 
acids. 

Phenolic Resin. — A synthetic resin made from 
phenols and aldehydes. 

Lacquer.— the definition of 
“lacquer” including “sanitary or tin plate 
lacquers” and add the following: 

Cellulose Lacquer . — A liquid coating composi- 
tion containing as the basic film-forming in- 
gredients cellulose esters or ethers and plasticiz- 
ers with or without resins. 

Subcommittee VII on Accelerated 
Weathering Tests for Protective Coatings 
(H. A. Nelson, chairman) recommends 
that the Emergency Method of Test for 
Changes in Protective Properties of 
Coatings of Paint, Varnish, Lacquer, and 
Related Products on Steel Surfaces When 
Subjected to Immersion (ES-35)^ be 
published as tentative with an editorial 
change consisting of replacing the pro- 
cedure for preparing the panels with the 
procedure given in the Tentative Method 
of Preparation of Steel Panels for Test- 
ing Paint, Varnish, Lacquer, and Related 
Products (D 609-45 T).i 
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The subcommittee has been cooperat-. 
ing with the Cleveland Paint and' Var- 
nish Production Club on the study of 
accelerated testing methods and pro- 
cedures. 

The subcommittee is considering revi- 
sions in the Tentative Recommended 
Practice for Operating Light and Water 
Exposure Apparatus, Carbon- Arc Type 
(D 822-45 T) and the Tentative 
Method of Preparation of Steel Panels 
for Testing Paint, Varnish, Lacquer and 
Related Products (D 609 - 45 T) and, 
therefore, is making no recommendation 
for a change in status of these methods.® 
The subcommittee is preparing a list 
of special requirements that are unique 
in the testing of paints by the salt-spray 
testing apparatus and this material will 
be recommended for inclusion as a sup- 
plement or as a revision of the Tentative 
Method of Salt Spray (Fog) Testing 
(B117-44T). 

Subcommittee VIII on Methods of 
Chemical Analysis of Paint Materials 
(C. Y. Hopkins, chairman) recommends 
that the following 16 standards which 
have stood for six years without revision 
be continued as standard: 

Methods of Test for: 

Chemical Analysis of White Pigments (D34- 
39), 

Chemical Analysis of Yellow, Orange, Red, and 
Brown Pigments Containing Iron and Man- 
ganese (D 50-36), 

Flash Point by Means of the Tag Closed Tester 
(D56-36), 

Chemical Analysis of Yellow and Orange Pig- 
ments Containing Chromium Compounds, 
Blue Pigments and Chrome Green (D 126 - 
36), 

Specific Gravity of Pigments (D 153 - 39), 
Alkalinity or Acidity of Pigments (D 278 - 31), 
Bleeding of Pigments (D 279 - 31), 

Hygroscopic Moisture (and Other Matter Vola- 
tile Under the Test Conditions) in Pigments 
(D 280 - 33), 

Oil Absorption of Pigments (D 281 - 31), 


Chemical Analysis of ' Dry Cuprous Oxide (D 
283-39), 

Chemical Analysis of Dry Mercuric Oxide 
(D 284 -33), 

Acetone Extract in Dry Lampblack and Dry 
Bone Black (D 305-31), 

Tinting Strength of White Pigments (D 332 - 
36), 

Relative Dry Hiding Power of Paints (D 344 - 
39), 

Mass Color and Tinting Strength of Color 
Pigments (D 387 - 36), 

Relative Dry Hiding Power of White Pigments 
in a Linseed Oil Vehicle (D 406 -39), 

The subcommittee recommends that 
the Standard Methods of Chemical 
Analysis of Zinc Yellow Pigment (Zinc 
Chromate Yellow) (D 444-39)^ be re- 
verted to tentative with a revision con- 
sisting of deleting the first two sentences 
in Section 6 (J). The subcommittee is 
considering further revisions in this 
method. 

Subcommittee IX on Varnish (W. T. 
Pearce, acting chairman) is continuing 
its evaluation of the several methods 
for measuring the drying of varnish and 
resin films and is also studying methods 
for the determination of polybasic acids 
other than phthalic in alkyd resin 
solutions. 

The subcommittee has completed a 
survey of methods for testing coating 
resins and is considering revisions in the 
Standard Methods of Testing Oleoresin- 
ous Varnishes (D 154 - 43). 

Subcommittee X on Optical Proper- 
ties (M. Rea Paul, chairman) is develop- 
ing methods of color specifications, 
methods of test for directional reflectance 
and transmittance of material, and also 
methods for the preparation of panels 
for gloss determination. 

The subcommittee is also working on 
methods to measure color differences and 
daylight and infra-red reflectance. 

A method covering the preparation of 
panels for the determination of apparent 
luminous reflectance of traffic paints for 
night viewing is under preparation. 


s^See'Editorial Note, p. 336. 



330 


Report oe Committee D-1 


The subcommittee recommends that 
the Tentative Method of Test for Specu- 
lar Gloss of Paint Finishes (D 523 - 44 T) 
be continued as tentative as considera- 
tion is being given to modifications in 
this method. 

Subcommittee XIII on Shellac (C. C. 
Hartman, chairman) recommends con- 
tinuance of the following in their present 
status: 

Standard Specifications for Dry Bleached 

Shellac (D 207 -35), 

Tentative Method of Test for Color of Orange 

Shellac (D 29-41 T), and 
Tentative Specifications for Orange Shellac and 

OtherLacs (D237-43T). 

This subcommittee is prepared to un- 
dertake such cooperative work and ex- 
change of information pertinent to any 
desired study for the development of 
international methods for the sampling 
and grading of shellac which may be re- 
ferred to it by the United Nations Stand- 
ards Coordinating Committee through 
the American Standards Association. 

Subcommittee X V on Specifications 
for Pigments^ Dry and in Oil, When 
Marketed in that Form (C. L. Crockett, 
chairman) recommends for publication 
new Tentative Specifications for Pumice 
Pigment, as appended hereto.^ 

The subcommittee also recommends 
revisions in the following two Tentative 
Specifications: 

Tentative Specifications for Red and 

Brown Iron Oxide Figments (B84“ 

43T)-d 

Section Z if ), — Change to read as 
follows: 

(5) Paste in Oil.— Th& paste in oil shall be 
made by thoroughly grinding the specified pig- 
ment with linseed oil (with or without a small 
amount of volatile thinner) together with (where 
necessary) small amounts of wetting and dis- 
persing agents to a semi-paste or fluid type 
consistency. As received, it shall not be caked 
in the container and shall break up readily in 
linseed oil to form a smooth paint of brushing 
consistency. It shall mix readily in all propor- 
tions, without curdling, with linseed oil, turpen- 


tine, or volatile petroleum spirits of any mixtures 
of these substances. The paste shall conform 
to the following requirements: 

Nonvolatile matter in the vehicle, min., per 


cent of vehicle 80 

Moisture by distillation," max., per cent .... 2 

Coarse particles and skins (total residue re- 
tained on a No. 325 (44 - micron) sieve), 
max., per cent of the dry pigment ....... 2 


" Moisture by distillation shall be determined in 
accordance with the Standard Method of Test for Water 
in Petroleum Products and Other Bituminous Material 
(A.S.T.M. Designation: D 95). 

In addition, the colors in oil prepared from 
class I pigment shall conform to the following 
requirements; 

Pigment, min., per cent 60 

Consistency by the Stormer viscosimeter:" 

At shearing rate of 100 revolu- 
tions per 30 sec., min., g . . . 700 (125 KU) 

At shearing rate of 100 revolu- 
tions per 35 sec., max., g. , . 1200 (145 KU) 


" Determined in accordance with the Standard Method 
of Test for Consistency of Exterior House Paints and 
Enamel-Type Paints {A.S.T.M, Designation: D 562). 

Tentative Specifications for Yellow Iron 
Oxide, Hydrated (D 768 - 44 T) 
Section 2 . — Add a new Paragraph (b) 
to read as follows, relettering the present 
Paragraph (b) as {c): 

(b) Paste in Oil.—ThQ paste in oil shall be 
made by thoroughly grinding the specified pig- 
ment with linseed oil (with or without a small 
amount of volatile thinner) together with (where 
necessary) small amounts of whetting or dispers- 
ing agents to a semi-paste or fluid type con- 
sistency. As received, it shall not be caked in 
the container and shall break up readily in 
linseed oil to form a smooth paint of brushing 
consistency. It shall mix readily in all propor- 
tions, without curdling, with linseed oil, turpen- 
tine, or volatile petroleum spirits or any mixtures 
of these substances. The paste shall conform 


to the following requirements : 

Pigment, min., per cent. ........... 55 

Nonvolatile matter in the vehicle, min., per 

cent of vehicle 80 

Moisture by distillation," max., per cent. . . . 2 

Coarse particles and skins (total 
residue retained on a No. 325 
(44-micron) sieve), max., per 
cent of the dry pigment. . ... 1.0 

Consistency by the Stormer viscosimeter:’^ 

At shearing rate of 100 revo- 


lutions per 30 sec., min., g. . 700 (125 KU) 
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At shearing rate of 100 revo- 
lutions per 35 sec., max., g. . 1200 (145 KU) 


® Moisture by distillation shall be determined ac- 
cording to the Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Material 
(A.S.T.M. Designation: E) 95). 

^ Determined in accordance with the Standard Method 
of Test for Consistency of Exterior House Paints and 
Enamel-Type Paints (A.S.T.M. Designation: D 562). 

The subcommittee recommends that 
the following seven standards be revised 
by including in each respective standard 
the tentative revision^ submitted in 
August, 1945: 

Standard Specificaiionsfor: 

Lampblack (D 209 - 41), 

Bone Black (D 210- 41), 

Carbon Black (D 561 - 41), 

Prussian Blue (D 261 - 41), 

Ultramarine Blue (D 262 - 41), 

Pure Chrome Green (D 212 -41), and 
Chromium Oxide Green (D 263-41). 

The subcommittee recommends that 
the current tentative revision of the 
Standard Specifications for Titanium 
Dioxide Pigments (D 476 - 41) be with- 
drawn and that a new tentative revision 
in the form of complete tentative specifi- 
cations be issued as appended hereto. ^ 

The subcommittee is considering re- 
visions of the Standard Specifications for 
Toxic Ingredients in Anti-Fouling Paints 
(Dry Cuprous Oxide, Dry Mercuric 
Oxide) (D 277 ~ 31) and the Standard 
Specifications for Pure Linseed Oil Putty 
for Glazing (D 317 - 33) and recommends 
that these specifications be continued as 
'Standard. 

The subcommittee also recommends 
that the following specifications be con- 
tinued as tentative: 

Tentative Specifications for: 

Raw Umber (D 763 - 44 T), 

Burnt Umber (D 764 - 44 T), 

Raw Sienna (D 765 - 44 T), 

Burnt Sienna (D 766 - 44 T), 

Venetian Red (D 767 - 44 T), and 
Black Synthetic Iron Oxide (D 769 - 44 T). 


il94S Supplement ' to Book of A.S.T.M. Standards, 
Part II. ■ 


Subcommittee . XVIII on Physical 
Properties of Materials (R. H. Sawyer, 
chairman) is studying methods of meas- 
uring the adhesion of protective coatings 
and is also studying methods for meas- 
uring film thickness. 

The subcommittee is studying the 
subject of measuring the film hardness 
of protective coatings. 

Subcommittee XXV on Cellulosic 
Coatings (R. M. Carter, chairman) 
recommends that the following tentatives 
be adopted as standard and accordingly 
asks for a nine-tenths aflarmative vote 
at the Annual Meeting in order that 
these recommendations may be referred 
to letter ballot of the Society: 

Tentathe Specificatio7is for 
Methyl Ethyl Ketone (D 740 - 43 T), 

Isopropyl Alcohol (D 770 - 44 T), and 

Tentative Method of Test for 

Water in Lacquer Solvents and Diluents 

(D268-44T). 

The subcommittee recommends for 
immediate adoption the revision ap- 
pended hereto'*^ in the Standard Specifi- 
cation for Tricresyl Phosphate (D 363 - 
36), and accordingly asks for the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting so that this revision 
can be referred to letter ballot of the 
Society for adoption. 

The subcommittee recommends a 
tentative revision of the Standard Meth- 
ods of Sampling and Testing Lacquer 
Solvents and Diluents (D 268 ~ 44) 
consisting of adding a method of test 
for the determination of the ester value 
of tricresyl phosphate. The subcom- 
mittee also recommends the following 
editorial change in Standard Methods 
D 268: In Section 29 (a) in the formula 
for solids concentration, chaDge “voL 
of solvent — voL of toluene’' to read 
‘VoL of solvent + vol. of toluene.” 

s These revised specifications were accepted by the 
Society and appear in the 1946 Book of A.S.T.M. Standards 
Part II. 
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: The ' subcommittee recommends the 
following' tentative revision, ' of the 
Standard . Specifications and Tests for 
Soluble. Nitrocellulose , (D 301 - 33):- 
SectmzsS and, 6 . — -Change to read as 
follows: 

5. Apparatus. — Use .the du Pont Nitrometer 
which is illustrated in Figs. 1 to 4. Figure 2{h) 
shows the universal measuring tube, although 
the nitrocellulose measuring tube shown in Fig. 
2{d} is preferable for testing nitrocellulose. If 
desired, both measuring tubes may be included 
in the assembly, by replacing the three-way 
glass manifold with a four-way manifold. 

Frocedure 

Note. — ^The cellulose acetate mask described 
in Section 7 id) must be worn during the genera- 
tion and measurement of the gas as a precaution 
in case of an explosion. 

6. {a) Calibrate the measuring tube ac- 
curately in the usual manner, using mercury as 
the calibrating liquid. 

( 6 ) Standardize the apparatus using c.p. 
KNO 3 recrystallized twice from distilled water, 
ground to pass a No. 100 (149-micron) sieve and 
dried for 2 to 3 hr. at 135 to 150 C. Fill the 
compensating, measuring, and reaction tubes 
and their connections with mercury. Run 20 to 
30 ml. of H 2 SO 4 (A.C.S. analytical grade, 94.5 dt 
0,5 per cent) into the reaction bulb through the 
cup at the top and admit about 210 ml. of air. 
Close the stopcocks, shake the bulb well, and 
allow to stand overnight. This desiccates the 
air which is then run into the compensating tube 
until the mercury is about on a level with the 
12.50 per cent mark on the measuring tube, the 
two tubes being held at the same height. Then 
seal the compensating tube using a small, blow- 
pipe fame. Place 0.9 to 1.0 g. of the KNO 3 m a 
weighing bottle and weigh the latter accurately. 
Then transfer the KNO 3 to the cup of the reac- 
tion bulb and weigh the weighing bottle to ob- 
tain the weight of sample used. Add 1.0 ml. of 
water and stir the mixture in the cup with a small 
glass stirring rod to liberate the entrained bub- 
bles of air ; work the undissolved cry stals into the 
lower part of the cup keeping theta below the 
surface of the solution. It is not necessary that 
the nitrate dissolve before drawing it into the 
reaction bulb. .Make sure the lower stopcock is 
open, then admit the mixture to the bulb by a, 
series of quick openings of the upper stopcock, 
in the meantime keeping the crystals below the 
surface of the liquid. In this way, all but a 
small amount of tie nitrate may be run into the 
bulb. Rinse the cup with a second 1.0-ml. 


portion of water, then repeat with a third l.O-mL 
portion (3 ml. in all). This should be sufficient 
to dissolve all remaining particles of nitrate in 
the cup. Transfer 25 ml. of the H 2 SO 4 ' (94.5± 
0.5 per cent), divided in several portions, to the 
cup, and subsequently to the bulb by lowering 
the reservoir slightly and opening and closing the 
upper stopcock, care being taken that no air 
enters even the bore hole in the stopcock. 
There must always be a slight suction when in- 
troducing the sample, the wash water and the 
acid, but never enough to cause air to be sucked 
into the reaction bulb. The quantities of water 
and H 2 SO 4 used should be constant. Then with 
the bottom stopcock still open, lower the reser- 
voir bulb to give reduced pressure in the reaction 
bulb and gently shake the reaction bulb to start 
the decomposition. After the evolution of NO 
has become slow (it is extremely important that 
the bottom stopcock be left open until the major 
part of the decomposition has occurred; other- 
wise, sudden evolution of gas will burst the 
bulb, scattering acid and glass) lower the reser- 
voir bulb until all but 25 ml. of the mercury in 
tlie reaction bulb is withdrawn, close the bottom 
stopcock, and shake the reaction bulb vigorously 
for 5 min. When the reaction is completed allow 
the gas to cool for 20 min. then transfer the gas 
to the measuring tube. By means of the level- 
ing device make careful adjustment of the 
mercury levels so that the mercury in the meas- 
uring tube is at the 13.85 per cent mark (the 
theoretical percentage of nitrogen in KNOa) if 
an exactly l.OOOO-g. sample was used, or a pro- 
portional reading if less was used. Paste a strip 
of paper on the compensating tube at the level 
of the mercury and the standardization is com- 
pleted. It is advisable to make several check 
determinations, preferably on different days, 
to insure accurate standardization. Determina- 
tions should check within plus Or minus 0.01 
per cent. 

(c) Dry the soluble nitrocellulose as for the 
ash determination described in Section 4 and 
place a sample of 1.0 to 1.2 g. in a weighing 
bottle. Dry at 100 to 105 C., stopper, cool in a 
desiccator, and weigh accurately. When the 
sample has been dried to constant weight (1 to 
li hr. usually suffices), transfer it to the cup of 
the decomposition bulb, then reweigh the empty 
bottle to get the weight of the sample by differ- 
ence. Add 5 to 10 ml. of H 2 SO 4 (94.5 ± 0.5 
per cent) to the cup and stir the mixture with a 
small stirring rod , Lower the mercury reservoir 
and then, after making certain that the lower 
stopcock is open, draw the mixture in by opening 
the upper stopcock. Take care that no air is 
drawn in. Rinse the cup of the decomposing 
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'bulb several times witb H 2 SO 4 J using a total of 
25 ml. for dissolving and rinsing. Complete the 
determination in accordance with the procedure 
described in Paragraph (b) for standardization of 
the apparatus, and take a reading after adjust- 
ing the level of the mercury in the reading tube 


Sections 7^ S^ and P.— Change to read 

as follows: 

7. Apparatus . — The apparatus 'shall consist 
of the following: 

■ (a) ■ Copper Copper bath with copper or 


LONG GRADUAL TAPER 
MUST SLOPE AS SHOWN. 


IMPORTANT. 
MUST NOT BE 
COUNTERSUNK. 



AND TAPER GRADUALLY. 
AS SHOWN, BEGINNING 
3/e‘ BELOW STOPCOCK . 




Fig. 1. — ^ReactionJJBulb. 


tO' the mark on the compensating tube. The- 
reading divided by the weight of sample gives the 
percentage nitrogen. 

Fig. 3 . — -Replace the present Fig. 3 
with the accompanying Fig. 1. 


brass condenser, as shown in Figs. 5 and 6 . 
These baths are usually made to hold 13 to 15 
test tubes. To aid in heat transfer, add 15 to 25 
ml. of mineral oil to each copper well, in order to 
fill the space between the glass tube and the well. 
To maintain the bath at a temperature of 134.5 
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d: 0.5 C.,' fill to witMn 3 in. of tlie top with a 
mixture consisting of . 10 parts of a commercial 
ethylene glycol solution (automobile ' radiator 
antifreeze containing a corrosion inhibitor) and 
one part of water. Adjust by adding more 
glycol or water until the desired temperature is 
reached. 


(g) Thermometer. — An A.S.T.M, Stability 
Test Thermometer having a range of 130 to 
140 C. and conforming to the requirements for 
thermometer 26C~42 as prescribed in the 
Standard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: E 1). The 
thermometer should be fitted with a cork stopper 





Z‘'byfby3^'‘^ 
Brass Pacf 
Brazed to Under 
Side of Top 

^ Standard 
Brass Union 
^ i.P,S. 

Copper Pipe 2-C 


^ /5-y i.P.S. Copper Tubes 
U" Long, Spaced as Shown. 
Ends Finished as Shown. 

Drill and Top for 
^ /. PS. Copper Pipe 

§ Standard Pipe Plug, 
yT Brass „ 

Drill and Tap for § 

^ Standard Brass Pipe Plug 


Copper Sheet 


Half 

Elevation 


Half 

Section 


Fig. 2. — Copper Bath for Stability Test. 


{h) Test Tubes. — Fifteen heat-resistant glass® 
tubes, with an outside diameter of 18 mm., a wall 
thickness of 1.5 mm., and a length of 290 mm. 

(c) An electric hot plate for heating 
the bath. 

(d) Pace Mask.— A isiCQ mask, so constructed 
that a heavy piece of clear cellulose acetate 
sheeting protects the face. 

(e) Gloves. — A pair of heavy gloves. 

(/) Long pincers for handling the 

test tubes. 

8 Pyrex glass is satisfactory for this purpose. 


and placed in an empty glass tube in the bath. 
(h) Methyl Violet Test Paper. "f 
8. Procedure. — (a) Conduct the test in a room 
that is free of acid fumes. Dry nitrocellulose is 
very inflammable and if ignited by fire, spark, or 
static electricity will flare up and shatter the test 
tube. It is important, therefore, that the 
operator wear the cellulose acetate mask and 
heavy gloves and that the tubes be handled with 
long pincers. 

^ The normal methyl violet test i:>apers should be 
secured from the Naval Powder Factory, Indian Head, 
Maryland. 
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(b) Dry the sample overnight at room tem- 
perature followed by 30 min. at 40 to 45 C., or 
dry the wet material at 40 to 45 C. for a period 
of 4 to 5 hr. Weigh duplicate samples of 2.5 =b 
0.1 g. into test tubes and press the samples down 
so that they occupy the lower 2 in. of the tubes, 
then swab out all nitrocellulose particles ad- 
hering to the inside wall of the tubes. Crease 
a piece (20 by 70 mm.) of normal methyl violet 
test paper for one-half its length, then insert 
in the tube with the uncreased portion down- 
W'ard, until the lower edge is 1 in. above the 
top of the sample. The paper must remain in 
this position throughout the test. Stopper the 
tube with a cork provided with a hole or notch 4 
mm. in diameter. Place the tube, without 
jarring, in the heating bath maintained at 134.5 
± 0.5 C. Beginning at the end of the first 20 
min., inspect the tube at 5-min. intervals by 
lifting the tube until the methyl violet paper, 
but not the nitrocellulose, is visible above the 
surface of the bath. The endpoint is reached 
when the entire test paper changes in color to 
salmon pink. For example, if the color is not 
completely changed at 20 min. but is completely 
changed at 25 min., record the stabilit}^ of the 
sample as 25 min. 

Figure 5. — Replace the present Fig, 5 
with the accompanying Fig. 2. 

Table I. — Delete the reference to “No. 
5’’ in the requirements for 188-190 proof 
denatured alcohol. 

The subcommittee also recommends 
for publication the new Tentative Meth- 
ods of Test for Cellulose Acetate.- 
The subcommittee recommends that 
the following ten standards which have 
stood for six years without revision be 
continued as standard: 

Standard Specifications for: 

Ethyl Acetate (85 to 88 per cent Grade) (D 302 
-33) 

Amvl Acetate (Synthetic) (85 to 88 per cent 
Grade) (D 318 -39), 

Acetone (D 329 - 33), 

Ethylene Glycol Monobutyl Ether (D 330 - 35), 
Ethylene Glycol Monoethyl Ether (D 331-35), 
Acetate Ester of Ethylene Glycol Monoethyl 
Ether (95 to 96 per cent Grade) (D 343 - 35),. 
Industrial 90 Benzene for Use in Paint, Varnish, 
Lacquer, and Related Products (D 361 - 36), 
Industrial Grade Toluene for Use in Paint, 


" Varnish, Lacquer, and Related Products 
(D 362 -36), 

Industrial Grade Xylene or Solvent Naphtha for 
Use in Paint, Varnish, Lacquer, and Related 
Products (D 364 - 36), and 
Amyl Acetate Made from Fusel Gil (85 to 88 per 
cent Grade) (D 554 - 39) . 

Subcommittee XXIX ..on Fainting 
of Structural Iron and Steel {k,. .J. Wck- 
hoff, chairman) is considering initiating 
some new wmrk in connection with the 
painting of structural metal 
Subcommittee on Membership (J. F. 
Broeker, chairman) is endeavoring to 
interest producers and consumers of 
paint products in the activities of Com- 
mittee D-1 and to encourage members 
of Committee D-1 to increase their 
activities in subcommittee affairs. 

Subcommittee on Papers (C. H. Rose, 
chairman). — At the conclusion of the 
Committee D-1 meeting on February 
27, 1946, Mr. Peter Kass, of the Inter- 
chemical Corporation Research Labora- 
tory, New York, N. Y. presented a 
paper “Analysis of Drying Oils by Ultra- 
Violet Spectrophotometry.” The 
presentation of this paper had been 
arranged by the Papers Committee. 

The present officers of Committee D-1 
have been re-elected for the ensuing term 
of two years. In addition, J. C. Moore, 
C. L. Crockett, and G. G. Sward were 
elected members of the Advisory Com- 
mittee. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 265 voting members; 134 
members returned their ballots, of whom 
93 have voted affirmatively and 0 
negatively. 

Respectfully submitted on behalf of 
the committee, 

W. T. Pearce, ,, 
Chairman. 

C. H. Rose, 

Secretary, 
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Editorial Note 


Subsequent to the Annual Meeting, Committee D-l presented to the 
Society through the Administrative Cottmittee on Standards the following 
recommendations: 

Tentative Revision of Standard Specifications for: 

G.P. Zinc Yellow (Zinc Chromate) (D 478-41). 

Revision of Tentative: 

Method of Preparation of Steel Panels for Testing Paint ,Varnish, Lacquer, and Related Products 
CD 609- 46 T), f 

Method of Test for Evaluating Degree of Settling of Tra65ic Paint (D 869 - 46 T), and 

Recommended Practice for Operating Light and Water Exposure Apparatus (Carbon-Arc-Type) 
for Testing Paint, Varnish, Lacquer, and Related Products (D 822 - 46 T). 

These recommendations were accepted by the Standards Committee on 
September 9, 1.946, and the tentative revision and revised tentatives appear 
in the 1946 Book of A.S.T.M. Standards, Part II. 

At the same time, the Standards Committee accepted the recommendation of 
the committee that the Emergency Method of Test for Changes in Protective 
Properties of Organic Coatings on Steel Surfaces when Subjected to Immersion 
(ES-35) be revised and issued as tentative. This new tentative appears in 
the 1946 Book of A.S.T.M. Standards, Part II, bearing the designation 
D 870-46 T). 



REPORT OF COMMITTEE D-2=^' 

ON 

PETROLEUM PRODUCTS AND LUBRICANTS 


Committee D-2 on Petroleum Prod- 
ucts and Lubricants held two regular 
meetings during the past year (in 
January and in March, 1946, in Cleve- 
land, Ohio). 

Changes in Committee Organization — 
During the year, subcommittee and 
technical committee changes were effec- 
tuated or authorized as follows: 

Subcommittee XXII on Natural Gas- 
oline (R. C. Alden, chairman) was dis- 
charged and its work was turned over to a 
new Technical Committee H on Light 
Hydrocarbons. 

Subcommittee XXVIII on Autog- 
enous Ignition Temperatures (A. H. 
Nuckolls, chairman) was discharged. 

Technical Committee D on Stoddard 
Solvent (L. E. Jackson, chairman, and 
I. J, Fairchild, secretary) was discharged. 

Technical Committee F on Diesel 
Fuel Oils (C. G. A, Rosen, chairman, and 
A. E. Becker, secretary) was suspended 
during reorganization. 

Technical Committe H on Light 
Hydrocarbons (R. C. Alden, chairman) 
is still in course of organization. 

A new Technical Committee I on 
Tractor Fuels has been authorized and is 
in course of organization. 

A new Technical Committee J on 
Aviation Fuels has been authorized and 
is in course of organization. 

A new Technical Committee K on 
Cutting Oils has been authorized and is in 
course of organization. 

A new Coordinating Committee on 
Recommended Practices (H. C. Mougey, 

• Presented at the Forty-ninth Annual Meeting of the 
Society. June 24--28. 1946. 


chairman) has been authorized and has 
held its organization meeting. 

A Coordinating Committee on Sig- 
nificance of Tests (F. D. Tuemmler, 
chairman) has been authorized and will 
be organized to give continuous consid- 
eration to the revision of the publica- 
tion, ‘^Significance of Tests of Petroleum 
Products.” 

The membership of the Advisory Com- 
mittee has been increased from nine to 
thirteen members. 

Changes in Status of American Stand- 
ards— ’Tdhlt I shows the changes in 
status during the year of American 
Standards for petroleum products, ap- 
proved by the American Standards 
Association on the recommendation of 
Sectional Committee Zll on Petroleum 
Products and Lubricants. 

Activities OF Technicax Committees 

AND SUBCOMl^IITTEES 

Subcommittee X on Insoluble Content 
of Used Oils (L. L. Davis, chairman) has 
developed a Method of Test for Normal 
Pentane and Benzene Insolubles in Used 
Lubricating Oils. This subcommittee 
has unanimously recommended that this 
method , which is a revision of Emergency 
Method ES-42, be published as tenta- 
tive this year. This recommendation 
has been accepted, subject to letter 
ballot of Committee D-2, and if ap- 
proved . will be submitted to the Ad- 
ministrative Committee on Standards.^ 

Subcommittee XL on Determination of 
Inorganic EUments in Lubricants (C. M. 
Gambrill, chairman) found that the 

I Sec Editorial Note, p. 348. 
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eiRergency alternate provisions (EA-D 
129) in Standard Method of Test for 
Sulfur in Petroleum Oils by Bomb 
Method (0 129 - 44) are inadequate for 
many types of sulfur additives and has 
recommended that the emergency alter- 
nate provisions be discontinued. Be- 
cause of the need for information on a 
method satisfactory for the determina- 
tion of sulfur in oils containing additives, 
the subcommittee has developed a 
Method of Test for Sulfur in Lubricating 
Oils and in Additive Concentrates by 
Bomb Method. The method was found 
to require revision and was referred back 


TABLE I. 


Title 

A.S.T.M. 

Designation 

ASA 

Number 

Revision of American 
Standards 

Test for Car bonizable Sub- 
stances in Paraffin Wax . 

D 612 - 45 

Z1 1.50-1945 

Test for Carboiiiaable Sub- 
stances in White Mineral 
Oil (Liquid Petrolatum) 

D 565 - 45 

Zll. 49-1945 

Test for Distillation of 
Gasoline, Naphtha, Kero- 
sine and Similar Petro- 
leum Products......^.. ■ ■ 

D 86 - 45 

Zn. 10 1945 

Test for Flash and Fire 
points by Means of Open 

for Saponification 
Number of Petroleum 
Products by Color-Indi- 
cator Titration 

D 92-45 

Zll. 6-1945 

D 94-45 

Zll. 20-1945 

Test for Knock Character- 
istics of Motor Fuels 

D 357 ~ 45 

Zll. 37-1945 


to Subcommittee XI at the June meeting.. 
It was decided to submit the revised 
method to letter ballot of Subcommittees 
VII and XI simultaneously, before 
submitting it to letter ballot of Com- 
mittee I)-2. Subject to. favorable letter 
ballot of Committee D-2 the method 
will be referred to the Standards Com- 
mittee for publication as tentative this 
year.i This method is being used cur- 
rently with satisfactory results. 

Subcommittee XI has also submitted 
for publication as information the Pro- 
posed Method of Test for Sulfated 
Residue from Lubricating Oils (Indirect 
Acid-Oxidation Method) which appears 
in Appendix!. 


The subcommittee found that the 
Tentative Method of Chemical Analysis 
for Phosphorus in Lubricating Oils 
(D 809 - 44 T) is inadequate for the 
determination of phosphorus in additives 
or in oils containing phosphorus in con- 
centrations greater than 0.5 per cent. 
Pending the completion of tests on a more 



Note.— Alternate glass stopper similar to stopper sliown 
in Fig. 1 may be used. Total height shall then be 190 mm. 
max. 

Fig. 1.— Precision Sulfonation Flask, Range 0 
to 50 Per Cent Absorption. 

general method, the subcommittee has 
submitted for publication as information, 
the Proposed Method of Test for Phos- 
phorus in Organic Materials (Acid Oxida- 
tion Method) which appears in Appendix 
II. This method gives promise of satis- 
factory results over the entire range of 
concentrations. 
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Subcommittee XXV on Analysis of 
Petroleum Products for Hydrocarbon 
Types (S. S. Kurtz/ Jr. /chairman) has 
developed the Proposed Method of Test 
for Aromatic Hydrocarbons in .Mixtures 
with Naphthenes and Paraffins by Silica 
Gel Adsorption which appears as in- 
formation in Appendix III. 

This subcommittee recommends that 
the requirements for certain of the 



max. ' ' : 

Fig. 2. — Precision Sulfonation Flask, Range 48 
to 100 Per Cent Absorption. 

apparatus in the Proposed Method for 
Total Olefmic and Aromatic Hydro- 
carbons in Gasoline, as published for 
information in an appendix to the 1945 
Report of Committee D-2^, be revised 
as follows: , 

Fig. 1— Change the statement under- 

Proceedings, Am. Soc. Testing Mats., Vol. 45, p. 247 
(1945). 


neath the d.rawiiig of the flask to read: 
“The volume of the flask, to the zero 
calibration mark on the neck should be 
not less than 45 mid’ 

Fig. 2. — Replace this figure by the 
accompanying Fig. 1 . 

Fig. 3. — Replace this figure by ' the 
accompanying Fig. 2. 

Section 3 (5). — Change tolerance on 
the 5-mL pipette to read “zb 0,02 mld/ in 
place of “zb 0,05 ml.” For the lO-mL 
pipette change the tolerance to read 
“zb 0.04 ml.” in place of “± 0,05 ml.” 

Note 3. — Change to read : “The stand- 
ard two-cup, hand-driven, milk-test cen- 
trifuge for 6-in. Babcock bottles may be 
used when the standard sulfonation flasks 
(Fig. 1 ) are being centrifuged. The 
penny heads of the stoppers must be 
aligned in the same vertical plane to 
prevent breakage.” 

Technical Committee B on Lubricating 
Oils (W. S. James, chairman, and J. C. 
Geniesse, secretary) is sponsoring the 
Symposium on Oil Procurement Prac- 
tices which is being held at the Annual 
Meeting of the Society in Buffalo, N. Y., 
during the week of June 24, 1946, 
Technical Committee B has recom- 
mended for publication a new Tentative 
Method of Test for Foarping Character- 
istics of Viscous Petroleum Oils. The 
method was found to require revision 
and at the June meeting of Committee 
D-2, it was referred back to the technical 
committee. After letter ballot approval 
of the revised method by Technical 
Committee B it will again be submitted 
to Committee D-2 and then referred to 
the Standards Committee.^ 

Technical Committee C on Turbine Oils 
(F. C. Linn, chairman) has under de- 
velopment a Proposed Tentative Method 
of Test for Oxidation Characteristics of 
Steam Turbine Oils. 

Technical Committee G on Lubricating 
Grease (F. L, Wright, chairman, C. W. 
Georgi, vice-chairman, and H. A. Me- 
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Gonvillej secretary) is sponsoring the ex- 
hibit of grease testing apparatus which 
is being displayed at the 1946 Annual 
Meeting of the Society. 

I. New Tentative Methods 

The committee recommends that the 
following three methods be accepted for 
publication as' tentative; ■ ' 

M^hods of: ■ ■ 

Test for Stilfated Residue from New Lubricating 
Oils, prepared by Subcommittee XI on 
Determination of Inorganic Elements in 
Lubricants (C. M. Gambrill, chairman), as 
appended hereto,® This method represents a 
revision of and replaces Emergency Method 
ES“43a. 

Te.st for Olefins and Aromatics in Petroleum 
Distillates, prepared by Subcommittee XXV 
on Analysis of Petroleum Products for Hydro- 
carbon Types (S. S. Kurtz, Jr., chairman), as 
appended hereto.® This method represents a 
revision of and replaces Emergency Method 
ES~45a. 

Test for Oxidatiqin Stability of Aviation Gasoline 
(Potential Gum Me^od), prepared by Techni- 
cal Committee A on Gasoline (C, B. Veal, 
chairman), as appended hereto.® 

II, Revision op Tentative Methods 

The committee recommends revision of 
six tentative methods as follows: 

Tentative Method of Test for Sulfur in 
Fetroleum Oils hy Lamp Method (D 90 - 
41 T). '^Subcommittee VII on Sulfur 
Determination (H. M. Hancock, chair- 
man) recommends the following revi- 
sions; 

Section 2 (c). — ^Change to read as 
follows: 

(c) Absorber . — An absorber of chemical- 
resistant glass conforming to the dimenrions 
shown iri Fig. 1, provided with standard-taper 
glass joints for connection with the chimney and 
spray trap. A fritted disk shall be sealed in the 
larger of the two bulbs of the absorber. The 
porosity of the fritted disk should be such that 
when 50 ml. of water are placed in the absorber 


® These methods were accepted as tentative the 
Society and appear in the 1946 Book of A. S.T.M. Stand- 
ards, Part III-A. 

* 1944 Book of A.S.TM. Standards, Part III. 


and air is passed through the disk in an upward 
direction at a rate of 3.0 1. per min., the pressure 
differential between the two sides of the absorber 
is between 15 and 23 cm. of water, and the air is 
dispersed uniformly. 

Fig. I . — Change ^^Sintered Glass Plate 
(Average Pore Diameter 150-200 Mi- 
crons)” to read ‘Tritted Disk.” 

■To bring the dimensions into uni- 
formity, the following changes are rec- 
ommended; 


Change To Read 

From 

Section 2(f), line 10..,. 12 in. 30 cm. 

Section 2 (^), line 4.... S in. 20 cm. 

Section 2(g), line S.... | in. 13 mm. 

Section 2 (^), line 6..,. fm, 19 mm, 

Section 4((i), line 12.... 4 in. 13 mm. 

Section 4(<f), line 12.... fin. 19 mm. 

Fig. 2 12 in. 30 cm. 


tr,v 3 / 8 in. 20 cm. 

^ \2| by 18 in. 65 by 450 mm,. 

Tentative Method of Test for Kinematic 
Viscosity (D 445 - 42 T). ^^Subcom- 
mittee V on Viscosity (J. C. Geniesse, 
chairman) recommends the following 
changes; 

Section ^.—Change the first sentence 
to read as follows: ^The apparatus shall 
be of the capillary type and shall be 
capable, under proper manipulation, of 
measuring viscosity with an error not 
greater than specified in Section 5.” 

In the ninth line insert a footnote 
reference number ^''3” after ‘^others,” 
and add the following footnote, re- 
numbering the subsequent footnotes 
accordingly: 

® Other widely used viscosimeters are described 
in the following articles: 

E. L. Ruh,R. W. Walker, and E. W. Dean, 
“The S.I.L. Viscosimeter,’^ Ini. and Eng. 
Chemistry^ Vol. 13, p. 346 (1941). 

E. H. Zeitfuchs, “An Accurate Viscosimeter 
for Refinery Control Jjdhox&toxmsF Proceedings 
Am. Petroleum Inst.^ Vol. 20 (III), (1939). 

Section J.— Change to read as follows: 

3. (a) Two procedures for determining 
matic viscosity by means of apparatus conform* 
ing to the requirements given in Section 2 appear 
in the Appendix. Any other procedure may be 
used provided it conforms to the same requir* 
ments. • \ , 
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(b) For tests at temperatures below tbe dew 
point of the surrounding atmospbere it is 
necessary to prevent moisture from entering the 
apparatus and aSecting the results. 

New Seciion. — -Add a new Section 5 to 
read as follows r 

5. Precision . — Results should not differ from 
the mean by more than the following: 



Repeat- 

ability, 

One 

Operator 

and 

Apparatus 

Reproduci- 

bility, 

DiSerent 

Operators 

and 

Apparatus 

Test temperature below 32 F: 
All oils.. 

0,5 

1.0 

Test temperature 32 F, or 
above: 

Transparent oils 

0.1 

0.2 

Opaque oils 

0.3 

0.5 


Section A1 (b): Thermometers. — ^Num- 
ber the present note as Note 1 and add 
the following as a new Note 2: 

Note 2. — Broad specifications for thermom- 
eters for temperatures below 0 F. are under 
consideration at this time. In the meantime, it 
is recommended that a mercury-thallium alloy 
thermometer (43 F - 45 T) prescribed in A.S. 
T.M. Specifications E 1 ~ 46 T,® resistance ther- 
mometer, or a multiple- junction thermocouple 
be used. 

Section Al{b). —Include thermometers 
for test temperatures of 68, 70, 77, 122, 
140, and 180 F. 

Section A1 {c). — Change the fourth 
sentence to read as follows: ^‘The bath 
shall be regulated so that the variation 
in the thermometer reading does not 
exceed 0.05 F. (0.03 C.) for test tem- 
peratures of 32 F. or above, and 0.10 F. 
(0,06 C.) for test temperatures below 
,32 F. . 

Sections A2 (d) and A6 (/).— Make the 
following changes in these two sections: 

Change the first sentence to read as 
follows: ^'The bath shall be maintained 
at the temperature of test within plus 


or minus 0.025 F. for test temperatures 
of'32 F. or above, and within plus or 
minus 0.05 F, for test temperatures 
•below 32 F. (See Note, Section' A1 

Q>)V 

Change the last sentence to read as 
follows: “The minimum time required 
is 5 min. for tests at 50 to 100 F. (10 
to 37.78 C.) and 10 min. for tests at 
temperatures outside this range,’^ 

Add the following paragraph and note : 

If the temperature of test is below the dew 
point of the surrounding atmosphere, water may 
condense in the viscosimeter and give erratic 
results. To avoid this, attach small, loosely 
packed drying tubes (Note) to all openings of the 
viscosimeter. If the sample of oil is saturated 
with water at atmospheric temperatures some 
of this water may separate in the form of a haze 
when the sample is cooled. Accurate viscosity 
determinations cannot be made on a hazy 
sample, consequently it is necessary to remove 
sufficient water so that the sample will be clear 
at the temperature of test. Excess moisture 
can be removed by warming sample of oil in a 
beaker to 150 to 180 F. (65.56 to 82.22 C.) while 
stirring with a glass rod for 5 or 10 min. and then 
fanning the top of the beaker to remove con- 
densed moisture. 

Note. — At very low temperatures consider- 
able moisture may be absorbed by the drying 
tube. This may increase the resistance to flow 
of air through the drying tube thereby affecting 
the rate of flow of oil through the capillary of the 
viscosimeter. This may be avoided by con- 
necting a large-bore stopcock from the end of 
viscosimeter tube 1 to tibe end of viscosimeter 
tube 2 between the viscosimeter and the drying 
tubes in the form of an H, so that air movement 
during the test will be through the open stop- 
cock and not through the drying tubes. 

Footnote 7. — Change the following 
items to read as follows: 

Vol .2 = the total volume of liquid m the 
viscosimeter in cubic centimeters 
at Fa. 

Vol.i == the total volume of liquid in the 
' viscosimeter in cubic centimeters 

'atFi., ■ 

£[ == the fluid head in centimeters; for 
viscosimeters shown in Fig. 2, this is 
■ approximately 9.0 cm., and 


8 1946 Book of A.S.T.M. Standards, Part III-A. 
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d = the inside diameter of the lower 

reservoir in centimeters; for viscosi- 
meters shown in Fig. 2, this, is 
approximately 3.0 cm. 

Tentative Method of Test for Sediment 
in Fuel Oil hy Extraction (D 473 - 38 T).^ 
•^Subcommittee XIV on Water and 
Sediment (C. F. Ramey, chairman) 
recommends the following revisions: 

Section 2 {a ), — Add the following 
phrase at the end of this section: . . or a 


in . the 17th line, to read ^'Industrial 90 
Benzene. .(A.S.T.M, Specifications 
D 837).4^^ 

Tentative Method of Test for Aniline 
Point and Mixed Aniline: Point of Petro- 
leum Products (.D 611 “ 44 T) .^Sub- 
committee XVIII on Aniline Point 
(Eugene Ayres, chairman) recommends 
the addition of the following note to 
Section 1 (6): 

Note. — M ixed aniline points determined 


Quick Opening 
Valve 


2 J InsK^e Diam x 6 ‘'Outside Diam. x 1 "Flange 
Drill and Top ^'^tSNFon 4^BC. 4 Holes 
1 Cap Screws 


for Hex Head 



Miadiam. 

t rj-' ’ 


0.050'diam. Water Jets 
(IS Equally Spaced) 


4-^5- 40 Flat Head 
Brass Screws , 


Brass Spray Plates 


N ■f 'diam Water Canal 


Threaded 

Flange 


Removable 

Flange 


Assembly of Spray 

"Drill a Tap ^‘N.a 
Spray Ring ^ 

Clamp 

Fig. 3. — Flexible Pipe and Spacer. 


wide-mouth Erlenmeyer flask of approxi- 
mately 500-ml capacity/^ 

Section 2 (Z>). — Delete the present 
statement and Fig. 1, and replace with 
the following: “(5) Condenser. '-AJnd.tx- 
writers^ form, comprising a block-tin coil 
approximately 1 in. in diameter and 2 in. 
in length, attached to and with the ends 
projecting through a lid of sufficient 
diameter to cover the neck of the flask. 

Section 3 —To 'pxQYide a more definite 
specification, change ''90 per cent benzoF’ 


with w-heptane diluent will differ from those 
determined on the same product using various 
60 C. aniline-point naphtha diluents. In gen- 
eral, the values obtained with w-heptane as 
diluent have been observed to be several degrees 
higher than those obtained with 60 G. aniline- 
point naphtha diluents. The difference depends 
both upon the nature of the product being tested 
and the nature of the particular 60 C. aniline- 
point naphtha employed as diluent. 

Tentative Method of Test for Enoch 
Characteristics of Aviation Fuels I'D 614 - 
44 T).^Technical Committee A on 
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Gasoline (G. B. '¥ealj chairman) recom- 
mends a revision, of this, method as 
published in the 1945 Report of Technical 
Committee Aj® which covers changes in 
the exhaust system specifications. It is- 
also recommended that Figures 2 and 3 of 
the revision as published last year be 
replaced . by the , accompanying Figs. 
3, and 4. 

Tentative: Method of Test for Acid and 
Base Numbers of Petroleum Products by 
Color-Indicator titration (D 663 - 44 T).^ 
—Subcommittee XIII on Neutralization 
Number and Saponification (H._P. 


Preventing Characteristics of Steam-Tur- 
him Oil in the Presence of Water. (D 665 - 
44 T).4 — ^Technical ' Gommittee G on 
Turbine Oils (F. C. Linn, chairman) 
recommends the following revisions: 

Section 3 (e)— Add the following 
sentence to the end of , this section: ^^The 
bath shall have a cover with holes to 
accommodate the test beakersd' 

Section 5 (d^).— After the fourth sen- 
tence, add the following sentences: ^^The 
beaker shall be inserted into a hole of the 
bath cover and suspended in the hole 
with the beaker rim resting on the bath 



Fig. 4. — Exhaust System Surge Tank; 


Ferguson, chairman) recommends a revi- 
sion of this method as appended hereto,’’^ 
the changes being essentially editorial. 

Tentative Method of Test for Acid and 
Base . Numbers of Petroleum Products by 
Electrometric Titration (D 664-”44T).^ — 
Subcommittee XIII also recommends a 
revision of this method as appended 
hereto/ the changes being essentially 
editorial. 

Tentative Method of T est for Rust- 


8 See special compilation “A.S.T.M. Standards on 
Petroleum Products and Lubricants/p September, 1945, 
p. 6; also Proceedings, Am. Soc. Testing Mats., Vol. 45, 
p. 233 0945), 

7 These revised methods were accepted by the Society 
and appear in the 1946 Book of A.S.T.M. Standards, Part 
III-A, 


cover. The oil level in the bath shah not 
be below the oil level in the test beaker.’’ 

Tentative Method of Analysis of 
Petroleum Sulfonates (D 855 - 45 T).^— 
Subcommittee XXIV on Petroleum 
Sulfonates (V, F. Beyer, chairman) 
recommends this method be revised as 
appended hereto.’^ 

III. Revisions oe Standards, 
Immediate Adoption ' 

The committee recommends for imme- 
diate adoption revisions in eight standard 
methods, as set forth below, and accord- 
ingly asks for a nine-tenths affirmative 
vote at the Annual Meeting in order that 

' ® 1945 Slipplement to Book of A.S.T.M. Standards, 

Partm, 
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these modifications may be referred to 
letter'ballot of the Society. ^ . 

Standard /Method of Test for Distilla- 
tion of Gasoline, Naphtha^ Kerosine, and 
Similar Petroleum Products ,(D86-45).® 
—The following addition is recommended 
by Subcommittee VIII on Distillation 
(E. .W,. Dean, chairman) : : 

Section 2 (i).— As recommended by 
Technical Committee XII on Laboratory 
Apparatus, of Committee E-1 on Meth- 
ods of Testing, add the following note: 

Note.— Cylinders lacking the bottom l-ml. 
line will not be rejected. 

Standard Method of Test for Flash and 
Fire Points by Means of Open Cup 
(D92 ~ 45).^— The following addition is 
recommended by Subcommittee XII on 
Flash Point (C. F. Ramey, chairman): 

Section 7. — After “Reproducibility . . . 
10 F.” insert the following: 

Results shall not differ from each other by more 
than the following on oils having a flash or Are 
point above 550 F.: 

Repeatability (one operator and appara- 
tus) 10 F. 

Reproducibility (different operators and 

apparatus) 15 F. 

Standard Method of Test for Flash 
Point by Means of the Pensky-Mariens 
Closed Tester (D 93 ~ 42).^^^ — The follow- 
ing revision is also recommended by 
Subcommittee XII: 

Section Delete this present section 
on reproducibility of results, and sub- 
stitute the following: 

6., Precision. Results shall not differ from 
each other by more than the following on oils 
having a flash point up to and including 200 F. : 


Repeatability (one operator and appara- 
tus) ......... . 2F. 

Reproducibility (different operators and 
apparatus) 4 F. 


Results shall not differ from each other by more 
than the following on oils having a flash point 
above 220 F.: 


Standard Method of Test for Water ttt 
Petroleum Products and Other Bituminous 
Materials (D 95 - 40),'^— The following 
revisions are recommended by Subcom- 
mittee XIV on Water and Sediment 
(C. F. Ramey, chairman): 

Section 2 ' (c).— Change, “having an 
approximate capacity of 500 ml. to read 
“having a capacity of at least 500 mi.” 

Fig. 1. — Remove the' flask; measure- 
ment shown in Fig. 1 {b). 

Section 2 (f). — Change to read as 
follows: (/) “The trap shall be 

made of well-annealed glass constructed 
in accordance with Fig. 1 (c) and shall be 
graduated in O.l-ml. divisions from 0 to 
2 ml, and 0.2-mL divisions from 2 to 
10 ml. The error of the indicated 
capacity from 0 to 2 mi. shall not be 
greater than plus or minus 0.05 ml, and 
from 2 to 10 ml it shall not exceed plus 
or minus 0.10 ml.” 

Section 5 (b). — In line 3 change “tight- 
fitting corks” to read “tight-fitting 
stoppers or ground-glass joints.” 

Standard Method of Test for Water and 
Sediment in Petroleum Products by 
Means of Centrifuge (D 96 - 40).^The 
following revision is also recommended 
by Subcommittee XIV : 

Section 4 (a). — Change “90 per cent 
benzol” in the first sentence to read 
“Industrial 90 Benzene (A.S.T.M. Speci- 
fications D 837).®” 

Standard Method of Test for Carbon 
Residue of Petroleum Products {Conr ad- 
son Carbon Residue) (D 189 - 41).^ — The 
following addition is recommended by 
Subcommittee XXIII on Carbon Resi- 
due (L. C. Beard, Jr., chairman): 

Section i.~Add the following note: 

Note. — The committee responsible lor the 
development of this method urges that its use be 
discontinued and that instead the more ex- 
pedient Ramsbottom Carbon Residue Test 
(A.S,T,M. Method B 524) be 


Repeatability (one operator and appara- 
tus) 

Reproducibility (different operators and 
apparatus) .* . . . . .■ . . . . . 



Standard Method of Test for Knock 
^ Characteristics of MatoryFuelS: :(p 357 - 
lO^F.. ' 45).®~<)n the recommendati^ of Tech- 
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nical. Committee, A, it is. proposed to 
revise these methods to include the 
changes in the mixture .heater assembly 
and in ' the exhaust system specifications 
as published . in the 1945 Report of 
Technical Committee A.® It is also 
recommended that Figures 2 and 3 of the 
revision as published last year be 
replaced by the accompanying Figs. 3 
and 4. In addition, the following 
changes are also recommended: 

Section 9 . — Change the first paragraph 
to read as follows: 

9. Inspection shall be made to see that the 
contact points are smooth, that ail connections 
are tight, and that the diaphragm is gas-tight 
(a test under 200-psi. gage pressure is sufficient). 
After adjustment of the clearance between the 
bouncing pin and the diaphragm according to 
the manufacturer’s instructions the final adjust- 
ment of spring tensions and contact point gap 
shall conform to both of the following require- 
ments: 

Section 10 {a ), — Change the last 
sentence to read as follows: 

This is purely an engine check, and the bouncing- 
pin spring tensions and contact-point gap setting 
found to give the above match need not neces- 
sarily ’be used in subsequent tests. The clear- 
ance between the bouncing pin and the dia- 
phragm, however, shall not be altered betw^een 
the rating of standardization and test fuels. 

Section A9 . — Change the first five 
sentences and footnote 17 to read as 
follows: 

Knock intensity is measured by means of a 
bouncing pin, in conjunction with a knockmeter. 
The adjustable- leaf shoulder-suspended bounc- 
ing pin is the preferred type." It consists of a 
cylindrical steel pin 0.218 d= 0.001 in. in di- 
ameter, to the upper end of which is fitted a 
fiber tip, the combined length of pin and lip 
being 7.000 =fc 0.015 in. The pin is maintained 
in a vertical position on the engine by two 
bushings in a hollow barrel which is closed at 
the bottom by a spring-steel diaphragm 0.543 dh 
0.003 in. in diameter, and 0.015 i 0.0005 in. in 
thickness, locked in with a hollow nut. A 
shoulder bushing is threaded into the low'er 
crossbar, and has attached to it a dial graduated 
in 25 equal divisions. Rotation of the dial and 
bushing through one full division results in its 
vertical displacement by 0.001 in. A shoulder 


on the fiber tip of the bouncing pin rests on the 
upper bushing dial, thus suspending the pin and 
providing an adjustable clearance between the 
lower end of the pin and the spring steel dia- 
phragm in the bottom of the barrel. 


® The use of the bouncing pin described in the Tenta- 
tive Method of Test for Knock Characteristics of Motor 
Fuels (A.S.T.M. Designation: I) 357 - 33 T), 1933 Book of 
A.S.T.M Tentative Standards, p. 540, or Tentative 
Method of Test for Knock Characteristics of Motor Fuels 
(A.S.T M. Designation: D 357 - 39 T), 1939 Book Of A.S.- 
T.M. Tentative Standards, p. 170, is permissible. 

Standard Method oj Test for . Gum ■ 
Content of Gasoline (D 381 - 44).^^ — 
Technical Committee A also recommends 
that this method be revised as appended 
heretoF 

IV. Tentative Revision, OF Standard 

Standard Method of Test for Burning 
Quality of Kero sine Oils (D 187 - 39).^ — 
Subcommittee XIX on Illuminating 
Oils (E. W. Dean, chairman) recom- 
mends that the Emergency Alternate 
Provisions EA ~ D 187'^ be published as a 
tentative revision of this standard. 

V. Adoption of Tentatives as 
Standard 

The committee recommends that the 
following two tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard: 

Tentative Method of Test for Ash 
Content of Petroleum Oils (D 482 - 43 T)F 
on recommendation of Subcommittee 
XIV. 

Tentative Method of Test for Oxidation 
Stability of Gasoline (D 525 - 42 T),^ 
revised as appended hereto/ on recom- 
mendation of Technical Committee A. 

VL Editorial Changes in Stand ards4. 

Standard Method of Test for Sidfur in 
Petroleum Oils by Bomb Method (D 129 " 
44 ).^ — Subcommittee \TI on Sulfur De- 
termination (H. M. Hancock, chairman) 
has recommended as an editorial change 

* These recoinmendations were added to the report by 
action of Committee D-2 at its June meeting. 
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the addition of the following note to 
Section,, .1 on Scope: 

Note .—For, the of sulfur in 

lubricating oils containing additives and in 
additive concentrates, use A.S.T.M. Method 
r)894.s': 

Standard Method of Test for Acid Beat 
of Gasoline (1)481-39).^^ — Section B of 
Subcommittee XXV has recommended 
as an editorial change the addition of the 
following note to Section I on Scope: 

Note. — chemical method such as bromine 
titration or other suitable method is preferred 
to the acid heat method for determining reac- 
tive unsaturation. It is, therefore, recom- 
mended that specifications be written in terms 
of olefin content rather than acid heat. It is 
anticipated that the acid heat method will 
eventually be discontinued when it is no longer 
widely used in specifications. 

VIL Emergency Standards 

The committee recommends that the 
Emergency Method of Test for Color of 
U.S. Army Motor Fuel (All-Purpose) by 
Means of an A.S.T.M. Color Standard 
(ES - 32)/ be co-ntinued, on the recom- 
mendation of Subcommittee VI, with the 
addition of the following note : 

Note.— The A.S.T.M. postwar policy is to 
discontinue Emergency Standards. At the 
specific request of the Office qt the Chief of 
Ordnance, U. S. War Department, this Emer- 
gency Method is being retained temporarily. 

The committee recommends that the 
following five Emergency Standards be 
discontinued: 

Emergency Methods: 

Test for Isopentane and Benzene Insolubles in 
Used Lubricating Oils (ES - 42), 

Test for Sulfated Residue from New Lubricating 
Oils (ES - 43a). This method in revised 
form is being submitted for publication as 
Tentative. 

Test for Olefins, Aromatics, Paraffins, and 
Naphthenes in Aviation Gasoline (Without 
Distillation into Fractions) (ES - 45a). This 


TABLE II.-ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 
! Marked 
‘ “Not 
; Voting” 

I. New Tentative Methods 

Test for Sulfated Residue from 
New Lubricating Oils 

SO 

0 

12 

Olefins and Aromatics in Petro- 
leum Distillates 

51 

0 

11 . 

Oxidation Stability of Aviation 
Gasoline (Potential Gum 
Method) 

47 

2 

13 

11. Revision oe Tentative 
Methods 

Sulfur in Petroleum Oils by 
Lamp Method (D 90 - 41 T)... 

51 

0 

11 

Kinematic Viscosity (D 445 - 
42 T) 

57 

0 

5 ■ 

Sediment in Fuel Oil by Extrac- 
tion (B 473 -38 T) 

47 

2 

13 

Aniline Point and Mixed Aniline 
Point of Petroleum Products 
(D6U-44T). 

51 

0 

11 

Knock Characteristics of Avia- 
tion Fuels (D 614 - 44 T) 

43 

0 

19 

Acid and Base Numbers of Petro- 
leum Products by Color- 
Indicator Titration (D 663 - 
44 T) 

54 

2 

7 

Acid and Base Numbers of 
Petroleum Products by Elec- 
trometric Titration (D 664 - 
44 T) . 

S3 

0 

10 

Rust-Preventing Characteristics 
of Steam-Turbine Oil in the 
Presence of Water (D 665 - 
44 T) 

51 

0 

i 12 

Analysis of Petroleum Sulfo- 
nates (D 855 - 45 T) 

42 

0 

19 

III. Revisions oe' Standards, 
Immediate Adoption 

Distillation of Gasoline, Naph- 
tha, Kerosine, and Similar 
Petroleum Products (D 86 - 

45) 

Flash and Fire Points by Means 
of Open Cup (D 92 - 45) 

55 

0 

♦ 

7 

58 

0 

5 

Flash Point by Means of the 
Pensky-Martens Closed Tester 
(D 93 -42) 

56 

0 

6 

Water in Petroleum Products 
and Other Bituminous Mate- 
rials (D 95 - 40) 

55 

0 

8 

Water and Sediment in Petro- 
leum Products by Means of 
Centrifuge (D 96 - 40) 

54 

1 ' : 


Carbon Residue of Petroleum 
Products (Conradson Carbon 
Residue) (D 189 - 41). 

SO 

1 

. 

. '13',: , 

Knock Characteristics of Motor 
Fuels (D 357 - 45) 

43 

/o , 

, 19 

Gum Content of Gasoline 
(D 381 ”44) 

49 

0 

13 . 

IV. Tentative Revision of 
Standard 

Test for Burning Quality of 
Kerosine Oils (D 187 - 39) 

44 

0 

17 

V, Adoption o.p Tentatives 
AS Standard 

Ash Content of Petroleum Oils 
(D 482 - 43 T) 

51 

0 

9 

Oxidation Stability of Gasoline 
(D 525 - 42 T) 

SO 

1 

12 
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metbod in revised form is being submitted for 

publication as tentative. 

Test for Benzeney Toluene, and Higher-Boiling 
Aromatics in Aviation Gasoline (ES - 46) , and . 
Test for Determination of Xylidine (ES - 47). 

The' committee recommends that the. 
Emergency Alternate Provisions in 
Standard Method' of Test for Sulfur in 
■Petroleum Oils by Bomb Method (EA - 
DT29) be withdrawn. The Emergency 
Alternate Provisions EA - D 187 in 
Standard Method ; of Test for' Burning 
Quality of Kerosine Oils (D 187 - 39) is 
to be withdrawn from this status and 
published as a tentative revision of 
Standard D 187, as mentioned earlier in 
this report , ' 

VIII. Tentatives Continued as 
Tenta,tive 

, The committee recommended that.the 
following specifications and methods, 
which have been published as tentative 
for two years or longer without revision, 
be continued as tentative because revi- 
sions are under consideration or in 
prospect:. 

Tentative Specifications for: 

Fuel Oils (D 396 - 39 T), 

.Gasoline (D 439 -40 T), ,, 

Tentative Methods of Test for: 

Consistency of Lubricating Greases and Petro- 
, latum (D2I7 -44T), „ 

Ignition Quality of Diesel Fuels (D 613 - 43 T), 
Chlorine in Lubricating Oils by Bomb Method 
(D 808 - 44 T), 

Chemical Analysis for Phosphorus in Lubricating 
Oils (D 809 - 44 T), ^ 

Chemical Analysis for Lead, Copper, and Iron in 
Lubricating Oils (D 810 - 44 T), and 
Chemical Analysis for Metals in Lubricating 
Oils (D 811- 44 T). 

IX, Reaffirmation of ' Standards 

The following standards have been 
published for six years or longer without 
revision, but are considered by the com- 


mittee to be in ' accord with present 
practice and to require no revision: 

Test' for Flash Point by 'Means of the Tag 
. Closed Tester (D 56 - 36), 

Test for Precipitation Number of Lubricating 
Oils (D 91 -40), 

Test for Cloud and. Pour. Points (D,97 -39), ;. 
Test for Melting Point of Petrolatum. (D ,127 - 

■■■ 30 ),',. , 

Methods, of Analysis of Grease (D 128,-40), ,,, 
Test. 'for Detection of Free Sulfur and Corrosive 

■ Sulfur' Compounds' in Gasoline (D 130 - 30)., 
Test - for Color, of Refined Petroleum Oil by 

Means of Saybolt Chromometer (D 156 - 38), 
Test for Steam Emulsion of Lubricating Gils 
'(D 157 -36),;., 

Volume Correction Table for Petroleum Gils 
■(D206-.36), . ', ,, . 

Test for Distillation ' of Natural " Gasoline 
.,(D216-'.40), 

Test for Burning Quality of Long-Time '.Burning, 
Oil for Railway Use (D 219 - 36), 

Test for Burning Quality of Mineral Seal Oil 
(D 239 -30), 

Test for Thermal Va,lue of , Fuel Oil (D 240-39), 
Methods of Sampling Petroleum and Petroleum 
Products (D 270 - 33), 

Test for Autogenous Ignition Temperatures of 
Petroleum Products (D 286 - 30), 

Test for Gravity of Petroleum and Petroleum 
Products by Means of the. Hydrometer 
(D 287-39), 

Definitions of ' Terms Relating , to Petroleum 
(D 288 -39), 

Test for Dilution of Crankcase Oils (D 322 -35) , 
Conversion of Kinematic Viscosity to Saybolt 
Universal Viscosity (D .446 - 39), 

Test for Unsulfonated Residue of Plant Spray 
Oils (D 483 - 40), and 

Specifications for Stoddard Solvent (D 484 - 40) 

X. Contindation of Standard, , > 

■ The committee, recommends that the 
Standard Method of Test for Acid Heat, 
of Gasoline (D 481 - 39), which also has 
been published for over six years without 
revision, be continued but that no note of 
reaflBxmation be printed thereon. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
80 voting members, with the results 
shown in Table IL 
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The election of officers for the ensuing 
term of two years resulted in the election 
of the following: 

Chairman, C. Dantsizen., 

Vice-Chairman, T. G, Delbridge. 

.Secretary, W« T, Gunn. 

This report has been submitted to 
letter ballot of the committee, which 
consists ' of 80 voting members; 63 


members returned their ballots, of whom 
58 have voted affirmatively and 0 
negatively^ 

Respectfully submitted on be,lialf of 
the committee, 

T. A. Boyd, 
Chairman, 

D. V. Stroop, 

Secretary, 


Editorial Note 

Subsequent to the Annual Meeting, Committee D-2 presented to the Ad- 
ministrative Committee on Standards the following recommendations: 

New Tentative Methods for: 

Test for Normal Pentane and Benzene Insolubles in Used Lubricating Oils 
(D 893- 46 T), and 

Test for Sulfur in Lubricating Oils Containing Additives and in Additive 
Concentrates by Bomb Method (D 894-46T). 

These recommendations were accepted by the Standards Committee on 
November 6, 1946, and the new tentatives appear in the 1946 Book of 
A.S.T.M. Standards, Fart IILA. 

On December 5, 1946, the Standards Committee approved the new Ten- 
tative Method of Test for Foaming Characteristics of Viscous Petroleum Oils 
(D 89 ? -46T) which also appears in the 1946 Book of A.S.T.M. Standards, 
PartllBV. 

The emergency provisions listed in the report were discontinued by action 
of the Standards Committee on September 9,1946. 
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PROPOSED METHOD OF TEST FOR SULFATED RESIDUE OF 
LUBRICATING OILS^ 

INDIRECT ACID-OXIDATION METHOD 

This is a proposed method and is published as information only,^ 

Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method is intended for the 
determination of the quantity of sulfated 
residue obtainable from new and used 
lubricating oils and from lubricating oil 
additive concentrates. It may be used 
to indicate the concentration of known 
metal-containing additives in new oils. 
Sulfur, bromine, and chlorine do not 
interfere; phosphorus, when present in 
concentrations of 0.1 per cent or more, 
tends to interfere by remaining partially 
in the residue > 

Note 1.-”A.S.T.M. Method D 482, Test for 
Ash Content of Petroleum Oils,^ does not gen- 
erally give comparable or related results when 
applied to additive-type oils and, in general, is 
not recommended for such oils. 

Outline of Method 

2. The sample is ignited and burned 
until only ash and carbon remain. 
After cooling, the charred residue is 
treated with sulfuric acid, the carbon 
completely removed by oxidation with 
nitric acid, and the excess acid removed 
by evaporation. The residue is then 
ignited at 775 C. and weighed. 

Apparatus 

3» (a) Electric Muffle Furnace.—The 


1 This proposed method is under the Jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. 

2 Published as information, June, 1^46 

* 1946 Book of A.S.T.M. Standards, Part III-A. 


furnace shall be capable of operating 
over a variable temperature range of 200 
to 800 C. and of maintaining a tempera- 
ture of 775 rb 25 C. 

(6) Silica Beakers. — Beakers of 100- 
ml. and 2S0-ml. capacities, made of 
fused silica.^ 

(c) Porcelain Crucible^ 30-ml. capacity 
Reagents 

4, (a) Sulfuric Acidy c.p. {sp. gr. 1.84). 

(b) Nitric Acid, c.p. {sp. gr. 1 .42). 

Sample 

5. (a) Heat the oil sample to 60 =b 10 
C, and agitate it in the original container 
until all sediment is homogeneously 
suspended in the oil. If the original 
container is of opaque material, or if it is 
more than three-fourtlis full, transfer 
the entire sample (including the sedi- 
ment) to a clear glass bottle having a 
capacity at least one third greater than 
the volume of the sample. Transfer all 
traces of sediment from the original 
container to the bottle by violent agita- 
tion of portions of the sample in the 
original container. After complete sus- 
pension of all sediment, strain the sample 
or a convenient aliquot through a 100- 
mesh screen for the removal of large 
contaminating particles. Discard the 
residue remaining on the screen. 

(6) Heat and thoroughly mix tbe 
strained oil or aliquot before taking eacA 


4 Vycor beakers are also satisfactory. 
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portion of the sample for test. Homo- 
geneity will be indicated by the precision 
;of the analyses. • 

Procedtire for Biimlng and Igniting in 

Beaker 

, 6 . (a) Ignite a lOG-ml. silica beaker at 
700 to 800 C, for 10 min. or more,, cool to 
room temperature in a desiccator, and 
weigh to the nearest 0. 1 mg. within 20 to 
30' min. after cooling. Weigh into the 
beaker 10 dz 0.1 g. of well-mixed sample. 
Heat the beaker with a bunsen burner 
until the contents ignite and burn read- 
ily, then move the beaker and flaming 
contents to a hot plate. Maintain the 
hot plate at such a temperature that 'the 
sample continues to burn at a uniform 
and moderate rate, leaving only ash and 
carbon when the. burning ceases. 

(J) Gool the beaker, add 5 to 10 ml. of 
H 2 SO 4 (sp. gr. 1.84), cover the beaker 
with a watch glass, and heat to white 
fumes. , Add HNO 3 (sp. gr. 1.42), drop- 
wise, down the sides of the beaker, until 
the solution is clear and the beaker is 
free from carbonaceous matter. Cool, 
thoroughly wash any residue from the 
watch glass into the beaker, and discard 
the watch glass. Cautiously evaporate 
the solution to dryness. If the residue is 
not white in color, moisten with H 2 SO 4 
(sp. gr. 1.84), heat to white fumes, add 
HNOg (sp. gr, 1.42) dropwise to complete 
the oxidation of the organic matter, and 
again evaporate to dryness. Cool the 
furnace to 300 C. or lower and place the 
beakerin the furnace. Gradually increase 
the temperature to 775 ± 25 C. and 
maintain at that temperature for 25 to 
30 min. Cool the beaker to room tem- 
perature in a desiccator and weigh to the 
nearest 0.1 mg. Reignite the beaker at 
775 C. for 10 to 20 min., cool, and re- 
weigh. Repeat the heating and weigh- 
ing until consecutive weighings differ by 
1.0 mg. or less. 


Note 2. —For greatest accuracy with samples 
containing less than 0.5 per cent residue, it is 
desirable to use a similar beaker as a counter- 
poise in weighing the beaker and to take care 
that the treatment of the beaker prior to weigh- 
ing is always the same. 

Procedure for Burning in Crucible and 
Igniting in Beaker 

■ 7. (a) Into a clean, dry, 30-mL cruci- 
ble, weigh 10 '± 0.1 ■ g. of weU^ 
sample. Heat the crucible with a bunsen 
burner until the contents ignite' and burn 
readily, then move the crucible and 
flaming contents to a hot . plate. Main- 
tain the hot plate at such a temperature 
that the sample continues ^ to burn at a 
uniform and ' moderate ■ rate, leaving; 
only ash and carbon when the burning 
ceases. 

. (b) Ignite a 2S0-ml. ailica ' beaker at 
700 to 800 C. for lO min, or more, cool to 
room temperature in a desiccator, and 
weigh to the nearest 0.1 mg. within 20 to 
30 min. after cooling, 

(c) Place the cool crucible and car- 
bonaceous residue (Paragraph (a)) into 
the weighed' 250-mL silica ' beaker. Add 
,5 to 10 ml. of H2S04^ (sp, gr. 1.84),. cover 
the beaker with a watch glass, and heat 
to white fumes. Add HNOg (sp,' gr. 
1.42) dropwise, to the fuming contents of 
the beaker until the solution and crucible 
are free from carbonaceous matter. 
Cool, thoroughly wash any residue from 
the .-crucible and watch glass into' the 
beaker, and discard the watch glass and 
crucible. Cautiously evaporate the solu- 
tion to dryness. If the residue is not 
white in color, moisten with H2SO4 
(sp. gr, 1.84), heat to white fumes, add 
HNOs : (sp. -gr. 1.42) dropwise, to com- 
plete the oxidation of the organic matter, 
and again evaporate to dryness. Cool 
the furnace to 300 C. or lower and place 
the beaker in the furnace. Gradually 
increase the temperature to 775 dh 25 C. 
and maintain at that, temperature for 25 



.351 


Test for Sulpateb Resedxje of Lubricating Oils 


to 30 min. Cool the beaker to room 
temperature in a desiccator and weigh to 
the nearest 0.1 mg. Reignite the beaker 
at 775 C, for 10 to 20 min., cool, and 
reweigh. Repeat the heating and weigh- 
ing until consecutive weighings differ by 
1.0 mg. or less. 

Calculation 

■, :8. Calculate the sulfated residue of 
the sample as follows: 

Sulfated Residue, per cent = 


where: 

R =. weight of residue in grams, and 
W = weight of sample in grams. 

Precision 

9. Results should not differ from the 
mean by more than the following 
amounts: 


Reprodiici- 
Repeat- biSity, 

ability. Different Opef- 
Sulfated Resi- One Operator ators and 
due, per cent and Apparatus Apparatus 

Below 1.0 0.03 0.05 

1.0 to 8.0 0.05 0.08 
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PROPOSED METHOD OF TEST FOR PHOSPHORUS IN ORGANIC 

MATERIALS^ 

ACID-OXIDATION METHOD 

This is a proposed method and is published as information only .2 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope' 

1. This method is intended for the 
determination of total phosphorus in 
concentrations greater than 0.5 per cent 
in all types of organic compounds includ- 
ing lubricating oils, lubricating oil addi- 
tives, and their concentrates. Common 
metals, sulfur, nitrogen, and chlorine do 
not interfere. 

Outline of Method 

2. Organic material in the sample is 
removed and the phosphorus is converted 
to phosphate ion by oxidation with 
sulfuric acid, nitric acid, and hydrogen 
peroxide. If necessary, the phosphate 
ion is separated from interfering metals 
by precipitating as ammonium molybdi- 
phosphate in nitric acid solution. After 
an ammoniacal solution of the phosphate 
ion is obtained, the phosphorus is 
precipitated as magnesium ammonium 
phosphate, ignited, and weighed as 
magnesium pyrophosphate. 

Apparatus" ' 

3. (a) Digesiion Rack . — A digestion 
rack constructed to hold one or more 
300-ml. Ejeldahi flasks at an angle of 
approximately 45 deg. in such a fashion 
that direct heat is applied only to the 

^ This proposed method is under the jurisdiction of the 
A.S.T.M. Committee I)-2 on Petroleum Products and 
Lubricants 

2 Published as information, June, 1946. 


bottom of the flask over an area less than 
2 in. in diameter, and such that the body 
and neck of the flask are insulated from 
the source of heat. Approximately three 
fourths of the neck of the flask should be 
cooled by air at atmospheric temperature, 
preferably by directing an air stream 
against the neck of the'flask. A bunsen 
flame or high-capacity electric heater 
are suitable heat sources. 

(b) Electric Muffle Furnace. — ^The fur- 
nace shall be capable of operating over a 
variable temperature range of 200 to 
1100 C. and of maintaining a tempera- 
ture of 1050 ±: 50 C. 

Reagents 

4. (a) Ammonium Hydroxide., c.p., 
{sp. gr. 0.90). 

(b) Ammonium Hydroxide {10 per 
cent). — To prepare 1 liter of solution, mix 
380 ml. of c.p. NH4OH (sp. gr. 0.90) with 
620 ml. of distilled water. 

(c) Ammonium Hydroxide {1 per cent). 
— To prepare 1 liter of solution, mix 40 
ml. of c.p. NH4OH (sp. gr. 0.90) with 
960 ml of distilled water. 

{d) Ammonium Nitrate^ NH4NO3 
crystals. 

(e) Ammonium Nitrate Solution (5 
per cent). — To prepare 1 liter, dissolve 
SO g. of NH4NO3 in distilled water and 
dilute to 1 liter. 
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(f) Eydrochloric Acid^ c.p. (sp, gr. 
US): - 

(g) Eydrogen Peroxide^ c.p, {30 per 
cent). : 

{h) Magnesia Mixture. — ^Dissolve SO g. 
of MgCi2 -6H20 and 100 g. of NH4CI in 
500 ml. of distilled water, add a slight 
excess of NH4OH5 and allow to stand 
overnight. Filter, make the solution 
just acid with HCl, and dilute to 1 liter. 

{%) Molybdate Dissolve 100 

g. of (NH4)2 Mo 04 in 400 ml. of water. 
Add 80 ml of NH4OFI (sp. gr. 0.90) and 
filter if a precipitate appears. Mix 400 
ml. of HNO3 (sp. gr. 1.42) with 600 ml. of 
water. Prepare the ammonium molyb- 
date reagent from these solutions imme- 
diately before use by slowly mixing one 
volume of the ammonium molybdate 
solution with two volumes of the diluted 
PINO3, while stirring rapidly. 

ij) Nitric Acidy c.p., (ftming, sp. 
gr. 1.5). 

{k) Nitric Acidj c.p.^ {sp. gr. 1.42). 

(/) Nitric Acid {40 per cent). — Prepare 
by mixing approximately equal volumes 
of c.p. HNO3 (sp. gr. 1.42) and water. 

{m) Sulfuric Acid^ c.p. {sp. gr. 1.84). 

Procedure for Samples Containing no 

Metals Other Than -Alkali Metals 

5. {a) Into a 300-ml. Kjeldahl flask, 
place 10 ml of H2SO4 (sp. gr. 1.84) and 
2 ml. of fuming HNO3. Cool the flask 
and contents to ice temperature, and add 
to the flask a portion of sample of the 
following size: 

Approximate 


Phosphorus Con- Weight of Precision of 

tent, per cent Sample, g. Weighing, g. 

Over 0.5 to 2. . . . , . 4 =fc0.01 

Over 2 to 5 2 ±0.005 

Over 5 to 10 1 ±0.003 

Over 10 to 15... ... 0.7 ±0.002 

Over 15 to 25. . . . . 0.4 ±0.001 

# 


Allow the sample to fall directly into the 
acid mixture (Note 1), and avoid getting 
any sample on the neck of the flask. 
Thoroughly mix the sample and acids by 
swirling,:' ,, 


. Note l.—In the case of the samples that 
react vigorously with HNO,3, it is desirable to 
add the sample to the flask containing only ' the 
H2SO4 and to add the: fuming HNO3, dropwise 
while mixing. However, it is necessary to add 
the 2 ml. of HNOs prior, to heating, the mixture 
for digestion. 

(]}) Place the flask on the digestion ■ 
rack,: insert a, small funnel into the^ neck 
of the flask, and cool the neck of the flask 
(preferably by use of an air stream; see 
Note 2). Apply heat gradually,' to' the. 
bottom of the flask until fumes of H2SO4 
are evolved strongly above the liquid in 
the flask. Cool the flask slightly, add 
1 to 2 ml. of HNO3 (sp. gr. 1.42) dropwise ■ 
(Note 3) and again heat the flask to 
strong fumes of H2SO4. Repeat this 
oxidation with HNO3 until nearly all of 
the organic material has been oxidized as 
evidenced by the light color of the fuming 
H2SO4 solution. Cool for several min- 
utes, add dropwise i to 2 ml. of H2O2 
(30 per cent), and again heat to fumes of 
H2SO4. Repeat until the fuming solu- 
tion becomes pale yellow or colorless, 
indicating complete oxidation of the 
organic material. 

Note 2.— The amount of air used to cool the 
neck of the flask will at times have to be reduced 
or even shut off to allow vapors and fumes to 
leave the. flask and to allow the sample to come 
to fumes of H2SO4. However, this should not 
be done until the sample is in a well-decomposed 
state; the air stream should be turned on again 
each time before the addition of the HNO3 or 
H2O2. 

Note 3 . — Unless the HNO3 is added drop- 
wise, it may force excessive amounts of vapor 
from the flask and lead to loss of phosphorus- 
containing fumes. 

(c) Cool the flask, transfer the solution 
to a 400-mL beaker, and wash the flask 
with small portions of distilled water 
until the volume of solution is approxi- 
mately 100 ml. Boil the solution for 
5 to 10 min., cool to near room tempera- 
ture^j and add NH4OH (sp. gr. 0.90) until 
the solution is neutral to methyl red. 
Make the solution acid with HCl 
: ’(sp. gr. 1.18) and add 1 ml. in excess.: ' 
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(i) Add. 20 ml. of magnesia mixture, 
slowly and while stirring, and cool the 
solution to below room temperature in an 
ice bath. Add NH4OH (sp. gr. 0.90), 
slowly and while stirring constantly, 
until the solution is basic. Continue 
stirring until most of the precipitate has 
formed; then add 5 ml of NH4OH (sp. 
gr. 0.90) in excess. Allow the precipitate 
to stand overnight, filter through a 
weighed porcelain filter crucible of fine 
porosity, wash with NH 4 OH (1 per cent), 
and dry in an oven. Place in a cool 
furnace, gradually raise the temperature 
to red heat, and ignite at 1050 i 50 C. 
for 30 to 40 min. Repeat the ignition 
for similar periods until constant weight 
is reached. 

Note 4. — For work of highest accuracy, it is 
generally necessary to test the precipitation 
technique on known inorganic samples. Repre- 
cipitation sometimes aids in obtaining more 
accurate values. 

Procedwe for Samples Containing 

Metals Other Than Alkali Metals 

6 . (a) Decompose the sample as di- 
rected in Sections 5 (a) and (J). 

{b) Cool, add 40 to 50 ml. of water, 
cool to room temperature, and filter the 
solution through a medium-texture, ash- 
less paper. Collect the filtrate in a 500- 
mL, wide-mouth, glass-stoppered Erlen- 
meyer flask, and wash the Kjeldahl flask 
and filter paper thoroughly with water; 
discard the paper. Boil the solution for 
several minutes and cool to near room 
temperature. Add NH 4 OH (sp. gr. 0.90) 
until the solution is neutral to methyl 
red, then add HNO 3 (40 per cent) until 
the color just changes to red. . Con- 
centrate or dilute the volume of the 
solution to approximately 150 ml. 

(c) Add 15 g. of NH 4 NO 3 crystals and 
swirl until dissolved. Adjust the tem- 
perature to 35 to 40 C. and add 120 ml. 
of freshly prepared molybdate reagent. 


Stopper the flask, shake vigorously for 
4 to 6 min., and allow to stand for at least 
2 hr., or preferably overnight. Filter 
the solution through a medium-texture, 
ashless paper. Wash the precipitate 
with NH4NO3 solution (5 per cent). Do 
not attempt to transfer all of the precipi- 
tate from the flask to the paper; however, 
reserve the flask for later treatment. 
Wash the precipitate several times with 
the wash solution but do not allow the 
stream of wash solution to strike the 
funnel above the edge of the paper as 
the precipitate has a tendency to 
creep. 

(d) Place a clean 400-ml beaker under 
the funnel and dissolve the precipitate 
through the paper into the beaker with 
NH4OH (10 per cent). Use a little of 
the NH4OH to dissolve any of the 
precipitate that remained in the flask set 
aside in Paragraph (c) and pour this 
solution through the paper. Wash the 
flask, funnel, and paper four times with 
hot water, once with NH4OH (10 per 
cent), and once again with water. 
Discard any residue remaining on the 
paper. Evaporate the solution to a 
volume of 90 to 100 ml, make the solu- 
tion acid with HCl (sp. gr. 1.18), and add 
1 ml. in excess. Disregard any molybdi- 
phosphate precipitate that may appear 
at this point. 

(e) Add 10 ml. of magnesia mixture 
slowly, while stirring, and cool the solu- 
tion to below room temperature in an ice 
bath . Add NH4OH (sp. gr. 0.90) slowly, 
while stirring constantly, until the solu- 
tion is basic. Continue stirring until 
most of the precipitate has formed, then 
add 5 ml. of NH4OH (sp. gr. 0.90) in 
excess. Allow the precipitate to stand 
overnight, filter through a weighed 
porcelain filter crucible (fine porosity), 
wash with NH4OH (1 per cent), and dry 
in an oven. Place in a cool furnace, 
gradually raise the temperature to red 
heat, and ignite at 1050 dz 50 C. for 30 to 
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40 min. Repeat the ignition for similar 
periods until constant weight is reached. 

Calculation 

7 . Calculate the phosphorus content as' 
follows: 

P X 27.84 

Phosphorus 'Content, per cent = — : * 

W 

where: ;. ' 

P = ' weight of magnesium pyrophos- 
phate in grams, and 
W = weight of sample taken in grams. 


Precision and Accuracy 

8. (a) Results should not differ from 
the mean by more than the following 

amounts: 

Reprodiici- 
Kepeat- , bility, 
ability, , ,, Different 
One Opera” ■, Operators 

Phosphorus' Con- . ^r-and : and' 

tent, per cent ' Apparatus '' Apparatus' 

0.5 to 5 0.02 0.04 

Over 5 to 25 0.05 0.10 

(b) The accuracy is of the same order 
of magnitude as the reproducibility. 




APPENDIX III 


PROPOSED METHOD OF TEST FOR AROMATIC HYDROCARBONS IN 
MIXTURES WITH NAPHTHENES AND PARAFFINS BY , 

SILICA GEL ADSORPTION^ 

This is a proposed method and is published as informa- 
tion only. Comments are solicited and should be 
addressed to the Society, 1916 Race St., Philadelphia 3, Pa. 


Scope ' 

1. This method covers the test for the 
determination of aromatic hydrocarbons 
in mixtures with naphthenic and par- 
affinic hydrocarbons. The method is 
limited to materials boiling in the 
gasoline range containing not more than 
about 1 per cent of olefinic hydrocarbons. 

Outline of Method^ 

2. The sample is entered onto the top 
of a column packed with powdered 
activated silica gel and, when all of the 
sample has been adsorbed on the column 
of gel, alcohol is added as an eluent. The 
alcohol causes desorption of the hydro- 
carbons, forcing them down the column. 
In this process of adsorption and desorp- 
tion the hydrocarbons are separated 
according to their adsorbability so that 
the components issue from the bottom 
of the silica gel column in the following 
order: saturates, saturates plus aro- 
matics, aromatics, aromatics plus alcohol, 
and alcohol The percolate is collected 
in small fractions and the aromatic 
content of the sample is calculated from 
measured volumes and refractive indices 
of the fractions. 

i This proposed method is under the junsdiction of the 

A. S.T.M. Committee 0-2 on Petroleum Products and 
Lubricants. Published as information, June, 1946. 

s por a more complete discussion of this method, see 

B. J. Mair, “Separation and Determination of Aromatic 
and Monoolcfin Hydrocarbons in Mixtures with Paraffins 
and Naphthenes by Adsorption,” /ourwal of Reatarckf^aLi. 
Bureau. Standards, Vol. 34, No. 5, 1945,. p., 435. ■' 


Apparatus 

3. (a) Adsorption Column, as shown in 
Fig. 1. The column should be sur- 
rounded with a transparent protective 
shield when operating at pressures in 
excess of 10 psi. 

(6) Receivers of 5- and 10-ml capaci- 
ties as shown in Fig. 2. 

(c) Sample Containers of approxi- 
mately S-, 10-, and 25-mL capacities. 
Numbered sample vials with molded 
plastic screw caps combined in sets, each 
set supported in a drilled wooden block, 
make a convenient arrangement. 

{d) Refractometer^ Abbe-type, capable 
of measuring refractive indices to plus or 
minus 0.0001 of a unit. 

Materials 

4. (a) Silica Gel, activated,® passing 
the sieve test shown in Table I. Test 
each lot of gel as follows: Percolate 
through the packed column (see Section 
7) a mixture of 80 ml of essentially pure 
2,2,4-trimethylpentane and 20 ml. of 
essentially pure toluene and follow with 
alcohol as described in Section 8. Con- 
sider the lot as having satisfactory 
adsorptive properties if not more than 
3 ml of percolate of refractive index, 
no r between 1.3940 and 1.4890 is 
obtained. 

* Silica gel. No. 22-08 from the Davison Chemical Corp., 
Baltimore, Md., is satisfactory. 
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(J) Alcohol^ Ethyl or Isopropyl^ c.p. 
absolute. 

(c) Toluene^ at least 99 per cent pure. 
{d) Isoodawfij 2,2,4-trimethyipentane 
at least 99 per cent pure. 

(«5) Diluent^ an aromatic-free hydro- 
carbon or a. mixture of hydrocarbons 
boiling, in the gasoline range, ■ 

(/) Gas, compressed air, nitrogen, or 
carbon ■ dioxide delivered to the top of 
the adsorption column at a regulated 
pressure of at least 20 psi. constant to 
plus or minus 1 psL 


TABLE T.-GEL SIEVE ACCEPTANCE TESTS. 


Sieve Size^ 

Particles 
Passing 
Through 
Sieve, per cent 

Microns 

Designation^ 

149 

No. 100 

95 min. 

74 

No. 200 

80 min. 

44 

No. 325 

25 max. 


(g) Stopcock Lubricant, hydrocarbon 
insoluble.^ 

Standardization of Receivers 

5. (a) By means of a 100-ml. pipette 
deliver 100 mi. of toluene (pipette need 
not be calibrated) to the dry, empty, 
adsorption column, permitting the tolu- 
ene to drain down the sides of the 
column. 

Note 1. — ^Lubricate only the stopcocks of 
the adsorption column and of the receiver with 
hydrocarbon insoluble lubricant. 

(&) Admit toluene into the receiver 
until the liquid level reaches the 0.98-mL 
mark. After a drainage period of 40 ±5 
sec., estimate and record the volume to 
0.002 ml. Open the receiver stopcock 
fully and permit the toluene to drain 
intd a bottle for 40 ±5 sec. In , this 


^ Detailed requirements for these sieves are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E ll), 1946 Book of A.S.T.M. 
Standards, Part ili-A. 

* For a suitable recipe, see T. P. Sager, *‘An Esterifi- 
cation Resin as a Ground Joint Lubricant,” Ini. and Engr. 
Chemistry^ Analytical Ed., Vol. 4, No. 4, 1932, p. 388. 


fashion fill the receiver with about' one 
hundred 1-mi. portions (Note 2). It. is 
essential that aU the liquid be drained 



Fig. i. — Adsorption Column. 


from the column and measured, but it is 
not essential that there be exactly 100 
portions or that the last two or three 
portions be close to 1.00 ml. 
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, (c) Dry the cokmii and receiver, and 
add a second identical portion of toluene 
to the column as used in Paragraph (a), 
using the same pipette and, identical 
filling technique. In the manner de- 
scribed in Paragraph (&), fill the receiver 
with ten 10-mL portions (Note 2) or 
twenty 5-ml. portions, depending on the 
receiver used. . 

' Note 2. — A temperature variation not greater 
than 3 C. can be tolerated during the standardi- 
zation of any one mark without applying 
temperature corrections to, the observed 
volumes. . , 

(d) Calculate the volume correction 
factors (Note 3) to be used at about the 
5- or 10-mL mark from the following: 


where;. 

Ft, Fg, Fio = sum of volume readings 
at about the 1-, S- or 
iO-ml marks, respec- 
tively. 

Note 3. — ^These are the factors by which the 
volumes delivered by the receivers at the 5- or 
lO-ml. marks must be multiplied to obtain the 
volume in units of the same size as the volume 
delivered by the corresponding receiver at the 
l-ml. mark.. 

Test for Impurities in Silica Gel 

6. (a) On each lot of silica gel, 
determine the gel-alcohol blank for 
isopropyl and ethyl alcohols by adding 
about : 175 ml. of the alcohol to, the 
column, packed as described in Sectioil 7 . 
Force the alcohol through the adsorbent 
at A rate of descent of 7 to 13 mm., per., 
min. (0.3, to 0.7 mb per. min.).^ Collect : 
the first 5 mL and' measure' its refractive ■ 
index, , to plus or minus 0.0001 
ofaunit. 


Note 4,— Commercial silica gel contains a 
small amount of organic material desorbed by 
alcohol which appears in the fractions containing, 
■mixtures of aromatics and 'alcohol, thus giving 
an apparent aromatic content slightly greater 
than is actually present. 

■ (h) The gel-alcohol blank, ■ C, in milli- 
liters, for ethyl alcohol is the difference 
between , the measured refractive^index 
of the first 5 ml of alcohol collected and' 
1 . 3600 , multiplied by 37. For isopropyl 
alcohol it is the difference between the 
refractive index of the 5 ml. collected and 
1 . 3755 , multiplied by 42. 

Note 5. — ^The values 1.3600 and 1.3755 
are those usually found for the sixth 1-ml. 
fraction of alcohol issuing from the column and 
are those used in the ^culation (see Section 
9(c) item (4)). Additional alcohol taken 
through the column would show a further de- 
crease in refractive index approaching that of 
the pure alcohol asymptotically, at a value 
lower than the above by sever^ units in the 
fourth decimal place. 

Preparation of Apparatus 

7 . (a) Clean column and receiver with 
chromic-sulfuric acid, water, and acetone 
or alcohol, and dry them by evacuation 
(Note 6). Lightly lubricate the stop- 
cocks (but not the spherical joint or the 
standard taper joint) with hydrocarbon- 
insoluble lubricant. 

Note 6. — Clean the receivers with cleaning 
acid after each use and the column after about 
every third analysis. 

{b) With the column clamped to its 
stand, open the stopcock at the bottom 
of the column and pour in from the top, 
through a funnel, silica gel to a point 20 
to 30 mm. inside the reservoir. : Imme- 
diately close the column stopcock and 
close the reservoir with a rubber stopper, 

■ (c) Pack the silica gel by tapping 
throughout its entire ■ length with a 
rubber-covered rod, or: with an electric 
vibrator clamped to the middle portion 
of the water Jacket, until the surface of 
the gel has dropped to a point 30 to 50 
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mm. 'below : the reservoir and does not 
move more than 5 mm; during 5 min. of 
tapping or 0.5 min. of vibrating. Add 
more silica gel if the quantity proves 
insufficient. If not used immediately, 
leave the column closed to protect the 
gel from, atmospheric moisture. 

Procedure ■ 

8. (a) Pass tap water through the 
jacket; for samples containing appre- 
ciable quantities of material boiling 
below 40 C., circulate ice water. Attach 
a receiver of proper capacity (Table II) 
to the column and connect the vent of 
the receiver to an open drying tube to 


TABLE IL— SIZE OF SAMPLE FOR ANALYSIS. 


Aromatics, per 
cent by volume 

Sample , 
ml. 

Diluent, 

ml. 

Receiver® 

Capacity, 

mi. 

0 to 15 

125 1 

0 

10 

IS to 20 

100 1 

0 

10 

20 to 30.. 

70 ' 

0 

10 

30 to 40 

SO 

0 

S 

40 to 50 

40 

0 

5 

SO to 80 

30, 

0,^ 

5 

80 to 100 

25^ 

5^ 

5 


® Do not change receivers during a test. 

^ To mix, transfer five 5-ml. portions of sample and one 
S-ml. portion of diluent to a 50-ml. glass- stoppered flask 
or bottle and mix thoroughly by shaking. Use the same 
pipette for all measurements (calibration unnecessary). 
A convenient method of transfer is described in Section 
A2 (c) of the Appendix. 

protect the gel which is very hygroscopic. 

0) Open the column stopcock. Pi- 
pette into the reservoir a quantity of 
sample dependent upon its aromatic 
content as indicated in Table 11 (Note 7), 
avoiding wetting of the sides of the 
reservoir, (No exact pipetting required.) 
Lubricate the spherical joint and fasten 
the screw clamp. Apply a gas pressure 
adjusted so that the liquid front descends 
the column at a rate of 7 to 13 mm. per 
min. (Note 8). Shut off the gas supply 
at such a time that the pressure in the 
column is nearly atmospheric when ail 
the sample is adsorbed. Open the 
reservoir, add a section of about 20 mm. 
of silica gel , fill the reservoir with 
alcohol, reconnect to the gas source and 


readjust the pressure so that the liquid 
fro.nt continues to descend at a rate of 
7 to 13 mm. per min. 

Note 7. — The aromatic content of a sample 
may be estimated approximately from its 
refractive index and the refractive index of the 
first drops of saturates obtained by percolating 
a small portion of the sample through a short 
column (150 mm.) of coarse silica gel (28 to 
200 mesh) contained in a glass tube 200 mm. in 
length with an inside diameter of 6 mm. and 
with a 2-ram. opening at the lower end plugged 
with glass wool as a retainer for the gel. For 
the refractive indices of the various aromatics 
use the values shown in Table III. 

Note 8. — ^Normally a pressure of 5 to 10 
psi. is sufficient to provide the specified flow 
rate. If greater pressures are required, it is 
important to have a transparent protective 
shield around the column. 

. (c) Take fractions at a rate of 0.3 to 
0.7 ml. per min. as follows: When the 
desired volume has collected in the 
receiver, close the stopcock, tap it 
gently to collect any drop suspended 
from the column outlet, and allow 40 
=b5 sec, for draining. Estimate and 
record the volume to the nearest 0.002 
ml. Open the receiver stopcock fully 
and drain the fraction into the appro- 
priate vial for 40 db5 sec. Close the 
stopcock of the receiver and open the 
column stopcock gently for collection 
of the next fraction. Cap the vial 
tightly. 


TABLE ITI.-REFRACTIVE INDICES OF 
AROMATICS. 


Distillation Fraction 

Refractive Index, 

Benzene 

1.4980 

Toluene - 

1.4940 

Whole Gasoline.. . . ..... 

Xylenes ' 

1.4940 

1.4958 

Higher . 

■ ■■ 1.494' ■ 



The volume (5 or 10 ml.) of the satu- 
rate or the aromatic fraction taken is 
governed by the composition of the 
sample (Table II) ; do not change 
receivers during an analysis. Af ter 
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about three fourths, of the saturates have 
been collected, take 1-mL fractions. 
The boundary between the saturates and 
the aromatics may be visible in the 
silica-gel column and its arrival in 'the 
percolate is identified by the appearance 
of . refraction waves or , “schlieren/^ 
Take 1-mL fractions until three fractions, 
in which ' ^%chlieren^t can no longer be 
observed, have been collected. Simi- 
larly take 1-ml fractions as the end of 



Fig. 3., — ^Adsorptogram. 

the aromatic portion is approached and 
for 5 ml beyond this point. The 
boundary between the aromatics and the 
alcohol is always visible in' the colunrn. 

(d) Measure the refractive indices of- 
the fractions to plus or minus 0.0001 of 
a unit. 

(e) Release the pressure, disconnect, 
and invert the column in its stand, and 
place beneath it a large pan for collecting 
the silica-gel slurry. Gently force a 
flexible i^-in. plastic tube, from which 
water is issuing, upward Arough the 
column to displace the gel, and discard 
the gel.slurryt . 


Calculations ' 

9. (a) Correct all volume measure- 
ments about the 5- and 10-mL marks by 
multiplying them by the drainage factor, 
or KiQy obtained as described in 

Section 5. 

(5) For the sake of convenience, bhe, 
refractive indices of the fractions may, be 
plotted against their volumes, forming, an 
adsorptogram as illustrated in' Fig. 3, 
marking off the four major portions of 
the entire percolate. 

{c) Calculate, the volumes, of saturates 
. and of - aromatics in the ,, four portions ,„as 
follows: 

(i)' Saturates , :, The volume 

.■of. saturates, . Fl, is the total, volume of 
this portion, F^. 

.(2) Intermediated Fortion— The . vol-. 
ume of the saturates, .F^^, is the sum 
of the volumes of the saturates in each, 
individual fraction, and is calculated as 

follows: 



n'A — w/ 
ma - ns 


XVf 


where: 


== . ref ractive index of the aromatic 
'^.^plateau’’ in the aromatic por- 
tion (Note 9),, 

fif = refractive ■ index of. an individual 
fraction, 

nS = refractive index of the last l-ml 
fraction, of the saturates por- 
. tion, and, 

Vf — volume of the individuaL fraction 
, having, refractive indeX' W/. . 


The volume of aromatics, F;^, in the 
intermediate portion is obtained by 
difference as follows: 

yn^jn^,yn 

where: 


= total volume of the intermediate 
portion. 
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Note 9,-— Select the proper value of the 
refractive index of the aromatic ‘‘plateau” ■ 
.from the following considerations: 

(а) If a definite portion of the aromatic * ‘plateau” has 
a refractive index constant within plus or minus 0.0003, 
use this value. 

(б) If no portion of the aromatic “plateau” has a re- 
fractive index constant to plus or minus 0.0003 but, as is 
usually the case, adjacent 1-ml. fractions differ by 0.0004 
or less, use the refractive index of the first 1-ml. fraction 
which does not differ by more than 0,0004 from that of the 
succeeding 1-mL fraction. 

(c) If no definite aromatic “plateau” is obtained and it is 
apparent that no pure aromatic fraction has been obtained 
(as in the case of low-aromatic content samples) use the 
values interpolated from Table III. 

(5) Aromatic Portion , — The volume 
of aromatics, is the volume of 

the portion, F™. 

(4) End Portion — volume of 
aromatics is the sum of the volumes of 
the aromatics, F^^, in each individual 
fraction, and is calculated as follows : 

\_n^-na J 

where: 

ni = refractive index of the last l-ml 
fraction of the aromatic portion, 
m = refractive index of an individual 
fraction, 

na = refractive index of the alcohol; use 
1.3600 for ethyl alcohol and 
1.3755 for isopropyl alcohol 
(Note 5), 

F/ = volume in milliliters of the indi- 
vidual fraction having refrac- 
tive index and 

C:: = volume of the gel-alcohol blank, 
in milliliters (Section 6 (6)). 

(i) Calculate in milliliters, the total 
volume of saturates, F^s, and the total 
volume of aromatics, V a, hi the perco- 
late as follows: 

F^ « Fi' + Fj?^ + F J 

(e) Calculate the percentage by vol- 
ume of aromatics, Au^ in terms of the 
sum of the unmixed aromatics and 
saturates as follows: 


where: 


■ 


A 

.4+3’ 


X 100 


A — volume in milliliters of aromatics, 
and 

S = volume in m.illiliters of saturates. 

(/) Calculate the percentage by vol- 
ume of' aromatics obtainable from the 
original sample, Aq^ as follows: 


Au 


100 + AF 


X 100 


where: 


AF = percentage change in volume on 
mixing the separated com- 
ponents (Note 10). 

Noie 10. — The difference between 4» 
and .4o is greatest at nearly equimolar mixtures 
and seldom exceeds 0.1 per cent; The largest 
change occurs in the nearly eciuimolar mixture 
of benzene and cyclohexane where the difference 
between and .4o is about 0.3 per cent. To 
determine AF combine all the saturate fractions 
(Fig. 3) in one sample container and all aromatic 
fractions in a second sample container, omitting 
all fractions which are intermediate in composi- 
tion. Th6 procedure in the Appendix may be 
followed. 

Precision and Accuracy 

10. (a) Results should not differ from 
the mean by more than the following 
amounts: 

Aromatic 

Content,' Repea tablility, Reproducibility. 

per cent One Operator Different Operators 

by volume and Apparatus and Apparatus 

■ lSto7S; 0.15 0.2 

(6) Results should not differ from the 
true value by more than the following 
(Note 11): 


Aromatic Content, 

per cent by volume Accuracy 

15 to 75 ±0.2 


Note ll.^Tlie determined value is more 
often greater than less than tlie true value. 
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APPENDIX 


Measurement of Volume Change on Mixing Liquid Htdrocarbons 


Apparatus: 

Al. {d) Volumetfk Flask, 20-inl. capacity, 
as shown in Fig. 4. The exact volume of the 
flask is not required, but the relative volumes 
at the graduation marks must be known. 

(b) Pipette Assembly as illustrated in Fig. 
5. The 2. 0-ml. pipette need not be calibrated 
but should have a water-delivery time of 22 
sec. or greater. 

Procedure: 

A2. (d) Place the combined aromatic frac- 
tions, the combined saturate fractions, a portion 
of the ori^nal sample, and the 20-ml. volumetric 



Fig. 4. — ^Volumetric Flask. 


flask in a dish or bath filled with water at room 
temperature, weighting the three containers 
and the flask to prevent tipping. 

(b) From the silica-gel adsorption analysis, 
divide the aromatic content of the sample, in 
per cent, by 10 and round off the quotient to 
the nearest integer. Denote the result as 

Note 12.— The total number of aromatic portions 
used in the experiment is the determined va-lue''^”; 
is the total number of non-aromatic portions used. 

(c) By means of the pipette arrangement 
shown in Fig. S, transfer to the volumetric 
flask (10-?j) 2-mL portions of the combined 
saturate fractions, followed by (^-1) 2-mI. 
portions of the combined aromatic fractions. 



Fig. S.— “Pipette Assembly. 
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To transfer the portions from the sample bottle 
to the flask, draw the material into the pipette 
to slightly above the graduation mark and 
close the stopcock. By partially closing the 
pinch clamp, adjust the miniscus exactly to the 
mark. Remove any drops of liquid by touching 
the tip of the pipette lightly with a piece of 
filter paper held in a nearly vertical position. 
Touch the tip of the pipette to the inside of the 
widened portion of the neck of the flask and 
open the stopcock fully. Replace the flask in 
the water bath as soon as the flow of liquid 
from the pipette ceases. 

Note 13. — It is essential that the temperature of the 
water bath remain constant within plus or minus 0.3 C. 
for any series of ten 2-ml. portions transferred. 

{d) Mix the contents of the flask as completely 
as possible by shaking with a sideways motion. 
Bring into the body of the liquid any material 
in the neck of the flask, by shaking the flask 
with a short downward motion, or by tilting 
the flask sideways until the body of the liquid 
joins with that in the neck, then slowly return 
the flask to a vertical position. Add the final 
(n th) 2~mL portion of the combined aromatic 
fractions. Shake the flask gently with a side- 
ways motion, return to the water bath for 10 
min,, and finally read the volume to 0.002 ml. 

(e) Empty the flask, dry, and return to the 
water bath. Using the same pipette assembly 
and the same pipetting and mixing procedure 
as described above, transfer ten 2-mL portions 
of the original sample to the flask, equilibrate 
to temperature for 10 min., and read the 
volume to 0.002 ml. 

Note U.-~No significant error is introduced if the 
“constant*’ temperature for the second series of ten 2-ml. 
portions transferred to the flask is different from that of 
the first series. 

Note 15.-— If the quantity of the original sample is less 
than 20 ml. a portion of the mixture from the first series of 
transfers (Paragraph (c)) may be removed from the 
volumetric flask in the manner illustrated in Fig. 6 and a 
small amount of the original sample added to give a volume 
slightly in excess of 20 ml. 

Cdcidation: 

A3. Calculate the percentage volume change, 


AF, as follows: 

■ aF « 5(Fi -.. Fa) 

where: 

Fj == observed total volume of n 2-ml. portions 
of the combined aromatic fractions and 
(10 — w) 2-mL portions of the combined 
saturate fractions, in milliliters, and 

Fg = observed total volume of ten 2-mL portions 
of the original sample. 



Fig. 6. — Emptying the Flask. 



REPORT OF COMMITTEE D-3* 


ON 

GASEOUS FUELS 


Committee D-3 on Gaseous Fuels and 
its seven subcommittees held a joint 
meeting in New York, N. Y., on October 
23, 1945. A meeting of Subcommittee I 
was also held on the same date. Ad- 
vantage was taken of the Spring Group 
Committee Meetings in Pittsburgh, Pa. 
for another joint meeting of Committee 
D-3 and its subgroups on February 26, 
1946. Subcommittees II, III, IV, and 
VI all met on the preceding day. With 
the lifting of restrictions imposed by 
war conditions and return to more nor- 
mal activities, very substantial progress 
has been made in the program sponsored 
by Committee D-3. This will be evi- 
dent from the following accounts of the 
activities of its individual groups. 

New Tentative Method 

Committee D-3 recommends that the 
Method of Test for Calorific Value of 
Gaseous Fuels by the Water-Flow 
Calorimeter,^ developed by Subcommit- 
tee III, be accepted for publication as 
tentative. 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
which consists of 35 members; 29 mem- 
bers returned their ballots, all of whom 
voted afl5rmatively. 

Activities OF Subcommittees 

Subcommittee I on Collection of Gaseous 
Samples {S, J. Modzikowski, chairman). 
— Following the reorganization of the 

* Present ed at the Forty-ninth Anneial Meeting of the 
Society, June 24-28, 1946. 

1 See Editorial Note, p. 366. 


work of this group, a second revision 
of a proposed Tentative Method for 
Sampling Liquefied Petroleum Gases 
has been prepared. Attention has also 
been given to the preparation and ac- 
ceptance of terms in common use. 
Preparation of methods for the sampling 
of manufactured and natural gases is 
also planned. It is proposed to publish 
the methods individually as soon as they 
are completed. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chairman). 
— ^Principal attention has been devoted 
by this group to small wet laboratory 
meters, and it is now in readiness to 
proceed with the preparation of material 
on their calibration and use. It is ex- 
pected that a tentative draft will be 
available at the fall meeting of Com- 
mittee D-3. Consideration has also 
been given to including reference to dry 
gas measurement in any standards pre- 
pared by the committee and agreement 
was reached that this should be done. 

Subcommittee III on Determination of 
Calorific Value of Gaseous Fuels (R. S; 
Jessup, chairman). — ^Following a great 
deal of wmrk by a special subgroup, a 
Tentative Method of Test for Calorific 
Value of Gaseous Fuels by the Water- 
Flow Calorimeter was prepared and 
submitted to all members of the sub- 
committee. Detailed specifications for 
a gas calorimeter inlet thermometer, gas 
calorimeter outlet thermometer, and gas 
calorimeter flue thermometer for use in 
the test were prepared in cooperation 
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with, the Section on Thermometers, of 
Committee E-1 on Methods of Testing. 
At the Februaiy meeting the test method 
and the thermometer specifications were 
approved with minor revisions. The 
revised' text was later submitted to all 
members of both Committee D-3 and 
the subcommittee for simultaneous let- 
ter ballot. Approval has since been 
given by more than a two-thirds major- 
ity of both' groups. 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman). — 
Agreement was reached by this group at 
its February, 1946, meeting on a defini- 
tion of specific gravity for presentation 
to all members for approval. Considera- 
tion was also given to tolerances for 
specific gravity instruments and agree- 
ment reached to recommend a definite 
tolerance foUowing a further study of the 
accuracy of which the various instru- 
ments tested by the National Bureau of 
Standards were capable. It is planned 
to secure an expression from the com- 
mittee by letter ballot following the 
submission of the necessary data. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseom Fuds 
(A. W. Gauger, chairman). — ^An addi- 
tional investigation was undertaken of a 
water-vapor detector, the principle of 
operation of which is based on change 
in conductivity of a film of phosphoric 
acid as affected by the absorption of 
moisture. Equipment loaned by the 
company developing this detector is now 
under test. Attention has also been 
given to a procedure for moisture de* 
termination making use of^ calcium 


nitride, ammonia being ■ liberated on 
contact with water vapor. 

Subcommittee VII on Complete Anal- 
ysis or Chemical Composition of Gase- 
ous Fuels (Martin Shepherd, chairman). 
~A research paper covering results of 
analysis of the first cooperative sample 
distributed by the National Bureau of 
Standards is planned for early release. 
A report on the second sample is in 
readiness for committee review. Sam- 
ples for mass spectrometer analysis have 
been prepared and distributed. A cross 
check is planned between the resulting 
analyses and those obtained by chemical 
methods. Assistance of a number of 
selected laboratories will be utilized in 
securing this information. 

The election of officers for the ensuing 
term of two years resulted in the election 
of the following: 

Chairman, A. W. Gauger. 

Vice-Chairman, E. F. Schmidt. 

Secretary, R., M. Conner. 

In addition, A. C. Fieldner (alternate, 
G. W. Jones), J. V. Freeman, E. 0. Mat- 
tocks, and Martin Shepherd were elected 
members of the Advisory Committee. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 35 members; 32 members re- 
turned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

A. W, Gauger, 
Chairman, 

R, M. Conner, 

Secretary, 


Editorial Note 

Subsequent to the Annual Meeting, Committee D~3 presented to the Society 
through the Administrative Committee on Standards the proposed Tentative 
Method of Test for Calorific Value of Gaseous Fuels by the Water-Flow Calor- 
imeter. The new tentative method was accepted by the Standards Committee 
on September 9, 1946, and appears in the 1946 Book of A.S.T.M. Standards, 
Part III- A, under the designation B 9(K)—46 T. 
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Because of war conditions, Com- 
mittee D-4 on Road and Paving Ma- 
terials was unable to hold any meeting or 
present an annual report to the Society 
during 1945. It did, however, meet at 
Pittsburgh, Pa., on February 28, 1946, 
at which meeting action was taken on 
the recommendations in this report. 

I. New Tentative Method 

Committee D-4 recommends that the 
Tentative Method of Test for Sulfona- 
tion Index of Road Tars, appended 
hereto,^ be accepted for publication as 
tentative. This method of test is identi- 
cal in substance with Method T 108 of 
the American Association of State High- 
way Officials, as revised by that organiza- 
tion in 1945. 

II. Adoption oe Tentatives as 
Standard 

The committee recommends that the 
following three tentatives, with revisions 
in one method as indicated, be approved 
for reference to letter ballot of the Society 
for adoption as standard: 

Tentative Specifications for Cut- Back 
Asphalt {Rapid Curing Type) (D 597 - 
40 T),^ without revision, 

Tentative Specifications for Cut-Back 
Asphalt {Medium Curing Type) (D 
598 - 40 T),^ without revision, and 

Tentative Method of Test for Abrasion 

* Presented at the Forty-ninth Annual Meeting of the 

Society, June 24-28, 1946. . 

1 This method was accepted as tentative by the Society 
and appears in. the 1946 Book of A. S.T.M. Standards, 
Part il. 

* 1944 Book of A.S.T.M. Standards, Part H. 
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of Gravel by Use of the Deval Machme 
(B 289 - 42 T),^ revised as follows: 

Title, — ^Delete the word ^‘^Gravel’^ and 
substitute “Graded Coarse Aggregate.’’ 

Section /.—Change the first sentence 
to read as follows by the addition of the 
italicized words: “This method covers 
the procedure for testing uncrushed or 
crushed gravel, crushed stoncj or crushed 
blast-furnace slag for resistance to 
abrasion in the Deval testing machine 
with an abrasive charge,” 

Section 4.— -Delete the word “gravel” 
and substitute “coarse aggregate.” 

Section 5 {a), — In the first two sen- 
tences delete the word “gravel” and 
substitute “coarse aggregate.” In the 
table, opposite grading D, change “1/4 
in.” to read “No. 4.” 

Section 5 (c)— Delete the word 

“gravel” and substitute “coarse 
aggregate.” 

Section 7 (a).— Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: “7. {a) [Uncrushed gravel.— 
In the case of uncrushed gravel] Ter- 
centage of wear, — ^The loss by abrasion 
shall be considered as the difference be- 
tween the original weight of the test 
sample and the weight of the material 
retained on the No. 12 (1680-micron) 
sieve, expressed as a percentage of the 
original weight of the test sample.” 

Method D 289 was withdrawn from 
the standards of the Society in 1940, on 
the assumption that it had been largely 
supplanted by the Standard Method of 
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Test for Abrasion of Coarse Aggregate 
by Use of the Los Angeles Machine 
(G 131). However, protests against its 
withdrawal were immediately received 
and it developed that a considerable 
number of agencies continued to specify 
the method. Accordingly, it was rein- 
stated without change in 1942. Because 
it has been quite commonly used for 
tests of coarse aggregates other than 
gravel, its scope has been enlarged by 
the above proposed revision, which is 
recommended by Committee D-4, sub- 
ject to concurrence of Committee C-9.*^ 

III. Revision oe Standards, Immedi- 
ate Adoption 

For reasons later set forth, Committee 
D-4 recommends that the following 
revisions of standards be immediately 
incorporated in these standards. The 
committee accordingly requests the 
necessary nine-tenths affirmative vote 
at the Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society: 

Standard Specifications for Slow-Setting 
Emulsified Asphalt {for Fine Aggregate 
Mixes) {B 631-43): 

Section 2 (b ). — Change the second 
requirement to read as follows by the 
omission of the words and figures in 
brackets: ‘Residue [by evaporation at 
163 C. (325 F.) or] by distillation. . . 

Section 2 (c).— Change the first sent- 
ence to read as follows by the omission 
of the words in brackets: “The residue 
obtained from [evaporation or] distilla- 
tion shall conform to the following 
requirements:” 

These changes are recommended to 
correct an error as no test for residue 
by evaporation has as yet been included 
in Standard Methods of Testing Emulsi- 
fied Asphalts (D 244), 

Standard Method of Test for Abrasion 
of Coarse Aggregate by Use of the Los 

.■.■■8Seep,,317., 


Angeles Machine. (C, 131 44).-— The 

following revision is submitted by Com- 
mittee D-4, subject to concurrence of 
Committee C-9.^C 

Section 5 . — Add the following sentence 
after the first sentence in this section: 
“The machine shall be so driven and so 
counterbalanced as to maintain a sub- 
stantially uniform peripheral speed.” 

Standard Method of Test for Sieve 
Analysis of Fine and Coarse Aggregates 
(C 136 - 39). — Committee D-4 recom- 
mends^ the following revision: 

Section 3 (a).— Change to read as fol- 
lows by the addition of the italicized words 
and the omission of those in brackets: 

3{a ). — Samples for sieve analysis shall be 
obtained [by quartering or by use of a sampler, 
from a representative sample selected from the 
material to be tested] from the materials to be 
tested by the use of a sample splitter or by the 
method of quartering. Fine aggregate sampled by 
the quartering method shall be thoroughly mixed 
and in a moist cofidition. The sample for test 
shall be approximately of the weight desired and 
shall be the end result of the sampling method. 
The selection of samples of an exact predetermined 
weight shall not be attempted. 

Section 3 (b ). — Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of the words in brackets: 
“(5) Samples of fine aggregate for sieve 
analysis shall weigh after drying [not 
less than] approximately the amount 
indicated in the following table:” 

After the table, add the following 
sentence and footnote: 

In no case, however, shall the fraction re- 
tained on any sieve at the completion of the 
sieving operation weigh more than 4 g. per sq. 
in. of sieving surface.® 

“This amounts to 200 g. for the usual 8-in. diameter 
sieve. The amount of material retained on the critical 
sieve may be regulated by: (i) the introduction of a sieve 
having larger opening? than in the critical sieve or, (2) by 
the proper selection of the size of the sample. 

Standard Definitions of Terms Relating 
to Materials for Roads and Pavements 
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(D: 8 - 33)— The present definition for 
asphalt cements contains an upper pene- 
tration ■ limit, of 250, which was suf- 
ficiently high to cover products com- 
monly designated as asphalt cements at 
the time the definition was adopted. 
Since then, Federal Specification SS- 
A-706B and specifications of a number 
of State highway departments have called 
for asphalt cements with a penetration 
as high as 300. Committee D-4 there- 
fore recommends that the definition be 
changed by substituting an upper 
penetration limit of ^‘300’’ for the present 
limit of “250.’’ 

IV. Revision oe Standards and Re- 
version TO Tentative 

Committee D-4 recommends that the 
following standards be revised and re- 
verted to tentative: 

Standard Specifications for Calcium 
Chloride (D 98~ k): 

Section 2 . — Change the second and 
third requirements to read as follows 
by the addition of the italicized words 
and the omission of the word in brackets: 

Total magnesium [chloride] as MgCh max., 

per cent 0.5 

Total alkali chlorides calculated as NaCl, 
max., per cent 2.0 

Standard M ethods of Chemical A nalysis 
of Calcium Chloride (D 345 - 34). — 
Revise to conform with the tentative 
revisions submitted August, 1941,^ ex- 
cept that in the new Section 3, sub- 
stitute “3/8 in.” for “3/4 in.” as a sieve 
designation. In addition the following 
changes are recommended : 

Section Z.— Renumber as Section 4 and 
change the first four sentences of Para- 
graph/a) to read as follows by the addi- 
tion of the italicized words and figures 
and the omission of those in brackets: 

Weigh accurately in a weigh bottle a sample of 
approximately [5] 50 g. (Note 1) and dissolve in 
distilled Add sufficient HCl to clear, 


and then make up to [a volume of] SOOml. in. a 
volumetric flask and mix. thoroughly. Pipette a 
50-mL aliqiiot into another 500-ml, volumetric 
flask, make to volume and mix thoroughly. 
Pipette a [25.00] 25 ml. aliquot and add enough 
diluted OTI4OH to make slightly alkaline 
[Methyl orange or red may be used as indicator] 
to methyl orange or methyl red. 

Explanatory Notes— Chdctxge Note 1 
to read as follows: 

Note 1. — Instead of weighing out separate 
samples as indicated in Sections 4, 5, and 6, a 
50-g, sample may be dissolved and diluted to 
500 ml. in a volumetric flask with distilled water. 
For the procedure in Section 4, pipette a 50-inl. 
aliquot into another 500-mL volumetric flask 
and dilute to volume. From this second flask, 
containing 5 g. of original sample, pipette a 
25-ml. aliquot as indicated in Section 4 and con- 
tinue the procedure for total calcium as outlined. 
For the procedure in Section 5, measure from a 
burette a 100-ml. aliquot wluch will represent 
a 10-g. sample for alkalinity and magnesium 
compounds. For the procedure in Section 6, 
measure 80 ml. of solution from a burette, which 
will represent 8 g. of sample for the alkali 
chlorides. This handling will render accurate 
distribution of the insoluble Mg(OH)2 and 
CaCOs present more difficult than using direct 
weighed samples. However, if each volumetric 
flask is well mixed before each portion is re- 
moved, fairly accurate results can be expected. 
Instead of weighing accurately a 10.00-g. sample, 
a sample of approximately 10 g. may be used if 
desired, in which case the percentage of Ca(OH)2 
may be calculated as folIow’s: 

Ca(OH)2, per cent 

^ ml. of 0.1 N HC! X 0.0037 X 100 
wt. of sample in g. 

V. Revision of Tentatives 

Committee D-4 recommends that the 
following two tentative methods be 
revised as follows: 

Tentative Methods of Sampling Stone, 
Slag, Gravel, Sand and Stone Bloch for 
Use as Highway Materials (I) 7S - 42 T) : 

Section 14 (a).— Change the third 
sentence from its present form: namely, 

Separate samples shall be taken from the 
top, middle, and bottom of each unit of the 
shipment. 
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to read as follows: 

' ^ Separate samples shall be taken from three or 
more points of each unit of the shipment, each 
sample representing, as nearly as possible, the 
average of the unit as indicated by careful ob^ 
servation. 

Add the following note at the end of 
this section: 

Note. — Samples from stockpiles should be 
taken at or near the top of the pile, at or near the 
base of the pile, and at an intermediate point. 
A board shoved into the pile just above the 
point of sampling will aid in preventing further 
segregation during sampling. Samples from 
railroad cars should be taken from three or more 
trenches dug across the car at points which ap- 
pear on the surface to be representative of the 
material. The bottom of the trench should be 
at least 1 ft. below the surface of the aggregate 
at the sides of the car and approximately 1 ft. 
wide at the bottom. The bottom of the trench 
should be practically level. Equal portions 
should be taken at nine equally spaced points 
along the bottom of the trench by pushing a 
shovel downward into the material and not by 
scraping horizontally. Two of the nine points 
should be directly against the sides of the car. 
Fine aggregate may be sampled from either 
stockpiles, trucks, or railroad cars by the same 
procedure or by means of a sampling tube ap- 
proximately 1 i in. in diameter by 6 ft, which, 
with a little practice, will be found to hold damp 
sand forced into it when inserted into the fine 
aggregate to be sampled. Five to eight inser- 
tions of the tube into the unit to be sampled will 
furnish approximately 10 ib. of fine aggregate. 

Tentative Methods of Sampling Bi- 
tuminous Materials (D 140 - 41 T). — 
These methods are under the joint 
jurisdiction of Committee D-4 and Com- 
mittee D-8 on Bituminous Waterproofing 
and Roofing Materials. Committee D-8 
concurs in the following proposed re- 
vision: 

Section 8 (a ), — Change the third and 
fourth sentences to read as follows by 
the addition of the italicized words and 
the omission of the words and figure in 
brackets: 

This pipe shall he provided with a plug cock 
and shall discharge into a [receiving drum of 
50-gal. capacity] sample receiver. The plug cock 


shall be so adjusted that there is a steady con- 
tinuous flow of bituminous material through it 
and [shall be]- so . regulated that the sample m- 
ceiver will fill to the requiTed amount in the same 
time that is required to make the entire pumping. 

Section 13, — Change this section , to 
read as follows by the addition of the 
italicized words and figures: 

13. Solid bituminous materials in crushed 
fragments or powder, such as gilsonite, graham- 
ite, etc., shall be sampled in accordance with the 
Standard Method of Sampling Goal for Analysis 
(A.S.T.M. Designation: D 21), except that the 
gross sample may he less than 1000 Ib, hut not less 
than 50 lb, when knowledge of the uniformity of 
the solid bituminous material in the shipment 
warrants. 

VI. Standards and Tentatives 
Continued Without Revision 

Committee D-4 recommends con- 
tinuance in their present status of the 
following standards and tentatives most 
of which have been recently reviewed by 
subcommittees responsible for their de- 
velopment: 

Standard Specifications for: 

Coal-Tar Pitch for Stone Block Filler 
(D 112 -30), 

Medium-Setting Emulsified Asphalt (for Coarse 
Aggregate Plant Mixes) (D 397 - 39), 
Medium-Setting Emulsified Asphalt (for Retread 
and Coarse Aggregate Mixes) (D 398 - 39) 
Medium-Setting Emulsified Asphalt (Heavy 
Premix — Summer Grade) (D 399 -39) 
Quick-Setting Emulsified Asphalt (for Penetra- 
tion and Surface Treatment) (D 401 -40) 
Sand for Sheet Asphalt and Bituminous Con- 
crete Pavements (D 162 -29), 

Mineral Filler for Sheet Asphalt and Bituminous 
" Concrete Pavements (D 242 - 39), 

Asphalt Plank (D 517-40), ^ 

Materials for Cement Grout Filler for Brick and 
Stone Block Pavements (D 57 - 20), 
Materials for Sand-Cement Bed for Brick and 
Block Pavements (D 58 - 37), 

Granite Block for Pavements (D 59 - 39), 
Recut Granite Block for Pavements (D 

131 - 39), and 

Granite Block for Durax Pavements (D 

132 - 39). 

Standard Methods of Test for: 

Distillation of Tar Products Suitable for Road 
Treatment (D 20 - 30), 
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Distillation of Cut-Back Asphaltic Products - 
(D 402'.™ 36),.; ^ , , 

Softening Point of Bitumiiioiis Materials (Ring- 
and-Bail Method) (D 36 - 26) , 

Softening Point of Tar Products (Cube-iix- 
Water Method) (D 61 - 38), 

Float Test of Bituminous Materials (D 
139.-27), 

Amount of Material Finer than No. 200 Sieve 
.in Aggregates. (C 117 - 37), 

Abrasion of Rock by Use of the Deval Machine 
(D2-33), 

Toughness of Rock (D 3 - 18), 

Water in Petroleum Products and Other Bi- 
tuminous Materials (D 95 - 40), - 
Penetration of Bituminous Materials (D 5 - 25), 
Specific Gravity of Road Oils, Road Tars, 
Asphalt Cements and Soft Tar Pitches 
(D70-27),^ 

Specific Gravity of Asphalts and Tar Pitches 
Sufficiently Solid to be liandled in Fragments 
(D 71-27), and 

Standard Recommended Practice for Bituminous 
Paving Plant Inspection (D 290 -39). 

Teniafdve Specifications for: 

Tar (D490-43T), with the following edi- 
torial revision to refer to the new tentative 
method of test recommended in this report: 

Section 3. — In the first sentence delete refer- 
ence to Paragraph (/;). In Paragraph (h) add 
a reference to the proposed A. S.T.M. Tentative 
Method of Test for Suifonation Index of Road 
Tars3 ■ 

Crushed Stone, Crushed Slag, and Gravel for 
Bituminous Concrete Base and Surface Courses 
of Pavements (D 692 - 42 T), 

Materials for Stabilized Base Course 
(D556-40T), 

Materials for Stabilized Surface Course 
(D 557 - 40 T), and 

Standard Sizes of Coarse Aggregate for 
Flighway Construction (D 448 - 42 T). 

Tentative Methods of Test for: 

Hot Extraction of Asphaltic Materials and 
Recovery of Bitumen by the Modified Abson 
' . Procedure. (D 7.62 - 44 T) , 

Loss on Heating of Oil and Asphaltic Com- 
pounds (D 6 -39 T), and 

Moisture-Density Relations of Soils (D 
698- 42 T). 

The recommendations appearing in 
this jeport have been submitted to letter 
ballot of the committee which consists 
of 125 members; 93 members returned 
their ballots with the results shown in 

T 


TABLE I.-AHALYSIS OF LETTER BALLOT VOTE. 


Items 

A.f&.rm- 

ative 

Nega- 

tive 

: Ballots 
i Marked 
“Not 
Voting” 

I. New Tentative Method 
Test for Suifonation Index of 
Road Tars 

42 .. 

1 .. 

: 50 ., 

II. Adoption oe Tentatives as 
Standard 

Spec, for Cut-Back Asphalt 
(Rapid Curing Type) (D 597 - 
40 T)....... 

77 , 

'3 

.13 

Spec, for Cut-Back Asphalt 
(Medium Curing Type) (D 
598" 40 T) 

j 

79 

2 

'.12 

Test for Abrasion of Gravel by 
Use of the Deval Machine 
(D 289 - 42 T) , as revised 

68 

0 

25 '. 

III. Revision of Standards, 
Immediate Adoption 

Spec, for Slow-Setting Emulsi- 
fied Asphalt (D 631 " 43) 

70 

1 

22 . ■ 

Test for Abrasion of Coarse Ag- 
gregate by Use of the Los 
Angeles Machine (C 131 “44).. 

72 

1 0 

21 

Test for Sieve Analysis of Fine 
and Coarse Aggregates (C 
136-39) 

80 

0 

13 

Definitions of Terms Relating to 
Materials for Roads and Pave- 
ments (D 8 - 13) 

86 

1 

6 

IV. Revision of Standards and 
Reversion to Te nt ati ve 
Spec, for Calcium Chloride (D 
98-34) 

SO 

0 

43 

Methods of Chemical Analysis of 
Calcium Chloride (D 345 - 34).. 

46 

0 

47 

V. Revision OF Tentatives 
Methods of Sampling Stone, 
Slag, Gravel, Sand and Stone 
Block for Use as Highway Ma- 
terials (D 75 - 42 T) 

76 

0 

17 

Methods of Sampling Bitumi- 
nous Materials (D 140-41 T). 

86 

0 

7 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, W. J. Emmons. 

First Vice-Chairman, F. H. Bauman. 

Second Vice-Chairman, A. T, Gold- 
beck. 

Third Vice-Chairman, E. W. Klinger. 

Secretary, B. A. Anderton. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 125 members; 93 members 
returned their ballots, of whom 87 have 
voted affirmatively and 1 negatively. 

Respectfully submitted on behalf of 
the committee, 

Shreve. Clark, 

Chairman^ 

pREvosT Hubbard, 

Secreiary. 



REPORT OF COMMITTEE D-5^ 

ON 

COAL AND COKE 


Committee D-5 on Coal and Coke 
held a meeting in Chicago, III., on Febru- 
ary 26, 1946; another meeting was held 
at the Annual Meeting of the Society 
in June, 1946, in Buffalo, N. Y. Meet- 
ings of a number of subcommittees were 
also he'd during the year as recorded 
later in this report. 

The election of oifficers for the en- 
suing term of two years resulted in the 
selection of the following: 

Chairman, A. C. Fieidner. 

Vice-Chairman, D. H. Davis. 

Secretary, W. A. Seivig. 

The committee sustained a great loss 
in the death of 0. 0. Malleis, Vice- 
Chairman. Mr. Malleis joined the So- 
ciety in 1916, and was one of the most 
active workers on the committee. G. 
H. Nowlin, Jr., resigned during the year 
and W. M. Berthoff joined the com- 
mittee. The present membership of 
Committee D-5 is 54, of whom 14 are 
classified as producers, 18 as consumers, 
and 22 as general interest members. 

A new subcommittee has been created 
designated as Subcommittee XX on 
Sampling and Fineness Test of Pulver- 
ized Coal, under the chairmanship of 
J. B. Romer. This subcommittee is to 
revise and bring up to date the present 
Standard Method of Sampling and Fine- 
ness Test of Powdered Coal (D 197 -■ 
30) which has not been changed since 
1930. The subcommittee will cooperate 
in this work with a Power Test Code 
Committee of The American Society of 
Mechanical Engineers. 


I. , Recommendations ■ Affecting 
Standards 

Committee D-5 is recommending for 
adoption as standard two tentative 
methods and a tentative revision of one 
standard as listed in Table I. 

The Tentative Method of Sampling 
Coals Classed According to Ash Content 
(D 492 ~ 43 T) is recommended for 
adoption as standard with a minor re- 
vision, as follows; 

Section 4 {a ). — Change the second 
sentence to read as follows by the ad- 
dition of the italicized word and the 
omission of the word in brackets; also 
by the addition of the footnote in italics; 

This procedure m intended [designed] for an 
accuracy such that if a large number of samples 
were taken from a single lot of coal, the test 
results in 95 out of 100 cases would fall within 
plus or minus 10 per cent of the average ash 
content of these samples.® 


® ft is recognized that this accuracy specification mav not 
he obtained for all size groups and ranges of ash shown in 
Table If, Further sampling investigations are in progress 
to obtain a^Uitional data and may result in revision of the 
accuracy specification. 

The Tentative Method of Test for 
Free-Swelling Index of Coal (D 720 ~ 43 
T) is recommended for adoption as 
standard without revision. 

The tentative revision^ of Standard D 
271 being recommended for adoption as 
standard is a change in the require- 
ments for maximum permissible differ- 
ence between two or more determina- 
tions of volatile matter in coal and coke. 


* Presented at the For ty-nintii Annual Meeting of the i W4S Supplement to Book of A.S.T.M. Standards, 
Society, June 24-28, 1946. Part III, p. 485. 
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These' recommendations , were ap- 
proved at a meeting of the committee 
held June 27, 1946, in Buffalo, N. Y., 
and have been submitted to letter ballot 
of the committee which consists of 54 
members, the results of which are shown 
in Table !. 

II. Tentative Methods Continued as 
Tentative 

The committee is recommending that 
the following tentative methods, which 
have stood for two years or longer 
without revision, be continued as ten- 


TABLE I. ANALYSIS OF LETTER BALLOT VOTE. 


Ittjms 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. Adoption of Tentatives 
AS Standard 

Methods of Sampling Coals 
Classed According to Ash 
Content (D 492 - 43 T), as 
revised 

39 

i 1 

3 

Test for Free-Swelling Index 
of Coal (D 720 - 43 T) 

38 

1 

4 

II. Adoption as Standard i 
OF Temt''''tvf tjkvision 

OF Standard 

Methods of l.aboratory Sam- 
pling and Analv is of Coal 
and Coke (D 271 - 44) — . . 

41 

0 

2 


tative since revisions may be desirable 
before they are adopted as standard: 

Metliod of Test for Grindability of Coal by the 
Ball-Mill Method (D 408 - 37 T), 

Method of Test for Grindability of Coal by the 
Hardgrove-Machine Method (D 409 - 37 T), 
and 

Method of Drop Shatter Test for Coal (D 440 - 
,37T),,,; 

III. Standards Six Years Without 
Revision 

The following standards which have 
been published for six years or longer 
without revision are to be continued as 
such as no revisions are recommended at 
this time: 


Standard Specifications for: 

Gas and Coking Goals (D 166 ~ 24), 
Glassification of Coals by Rank (D 388 - 38), 
Coals by Grade (D 389 - 37), 

Standard Methods of Tests for: 

Drop Shatter Test for Coke (D 141 - 23), 
Volume of Cell Space of Lump Coke (D 167 - 

24 ),^ 

Sampling and Fineness Test of Powdered Goal 
(D 197 - 30), 

Cubic Foot Weight of Crushed Bituminous Coal 
D 291 -29), 

Cubic Foot Weight of Coke (D 292 - 29), 

Sieve Analysis of Coke (D 293 - 29), 

Tumbler Test for Coke. (D 294 - 29), 

Size of Anthracite (D 310- 34), 

Sieve Analysis of Crushed Bituminous Coal (D 
311-30), 

Sampling Coke for Analysis. (D 346 - 35), 
Screen Analysis of Coal (D 410 - 38), 

Standard Definitions of : 

Terms Relating to Coal and Coke (D 121 - 30), 
and 

Commercial Varieties of Bituminous and Sub- 
bituminous Coal (D 493 - 39). 

Activities oe Subcomittees 

Subcommittee I on Methods of Testing 
(W. A. Selvig, chairman) has recom- 
mended for adoption as standard the 
present tentative revision of Section 43 
of the Standard Methods of Laboratory 
Sampling and Analysis of Coal and Coke 
(D 271 -• 44) which revision pertains to 
tolerances in duplicate determination of 
volatile matter. 

Subcommittee II on Nomenclature and 
Definitions (A. W. Gauger, chairman).— 
This subcommittee held a meeting on 
June 27, 1946, in Buffalo, N. Y. It has 
under consideration the formulation of 
definitions pertaining to moisture in coal 
such as total moisture, inherent mois- 
ture, surface moisture, and free mois- 
ture. Other terms that probably re- 
quire clarification are ^'coking” and 
‘^caking” as used to describe properties 
of coal in the carbonization industry 
and in combustion processes. 
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Subcommittee VII on Puherizing Char- 
acteristics of Cod (John Van Bruntj 
chairman) held a meeting on June 28j 
1946, in Buffalo, N. Y, The subcom- 
mittee has made plans to conduct co- 
operative studies on an air-fiow method 
for estimation of surface of pulverized" 
coal which, if practical, will shorten 
considerably the procedures given in the 
present tentative methods for determina- 
tion of grindability of coal which now 
require rather time-consuming sieving 
methods. 

Subcommittee XIII on Coal Sampling 
(H. F. Hebley, chairman). — At a meet- 
ing held in Buffalo, N. Y., on June 27, 
1946, it was agreed that the present 
Tentative Methods of Sampling Coals 
Classed According to Ash Content (D 
492 - 43 T), with some minor revisions, 
should be submitted to Committee D-5 
for acceptance and recommendation to 
the Society for adoption as standard. ^ 

The Special Section on Sampling Coal 
for Volatile Matter Determination in 
Connective with City Smoke Ordinances 
(W. D. Langtry, chairman) is preparing 
a pa,per covering a proposed method of 
sampling, together with supporting data, 
for publication in the A.S.T.M, Bxtlle- 
■TIN., 

Subcommittee XV on Plasticity and 
Swelling of Coal (C. C. Russell, chair- 
man). — ^At a meeting held in Chicago, 
III, on February 26, 1946, it was agreed 
to recommend to Committee D-S that 
the Tentative Method of Test for Free- 
Swelling Index of Coal (D 720 - 43 T) 
be adopted as standard. 

The subcommittee has recommended 
that the various methods of test for ex- 
pansion and plastic properties of coals 
as published in the Appendix of the 
1943 Report of Committee D-5,^ to- 
gether with that proposed by V, J. 
Altieri, and given in the discussion of 
the report, be published for information 

^ Froceedtttgs, Am. Soc. Testing Mats.. Vol. 43, p. 301 
(1943). 


in the next issue of the compilation 
■ '■^A.S.T.M. Standards on Coal and 

Coke.^'^ 

■ Subcommittee . XV I on IgnitibiUty of 
Coal and Coke (R., A., Sherman, chair- ,, 
■man).— This subcominit.tee has con- 
ducted .considerable .research, on an ig- 
nitibility method described in, the paper 
.'^'^A Laboratory Test for the Igiiitibility 
.of Coal,” by Ralph A. Sherman, J. M„ 
Pilcher, 'and ,'H. N. Ostborg..^ , The sub-; 
committee is of the opinion that the 
method is still in the research stage and 
that more work needs to be done before 
it can be proposed as a tentative method. 

Subcommittee XVIII on Coal Classifl-': 
cation (H. J. Rose, chairman) .—During 
the past several years this subcommittee 
has not been active, since coal classifica- 
tion problems did not seem urgent 
enough to require action under wartime 
conditions. There has been, however, a 
realization of the need for a rapid quan- 
titative method of measuring the re- 
flectivity or “brightness’^ of coal as re- 
lated to coals of various ranks and types, 
and the development of some convenient 
method of quantitatively estimating the 
percentages of various petrologic com- 
ponents in coal. At a meeting of a 
subgroup of the subcommittee held in 
Pittsburgh, Pa., on December 27, 1945, 
plans were formulated for conducting 
such research. 

This report has been submitted to 
letter ballot of the committee, which con- 
sists of 54 members; 42 members re- 
turned their ballots, all of whom have 
voted affirmatively. 

Respectively submitted on behalf of 
the committee, 

Chairman, 

W. A. Selvig, 

Secretary. 


* ASTM Bulletin, No. 112, October, 1941, p. 23. 



REPORT OF COMMITTEE D-6* 

ON. 

PAPER AND PAPER PRODUCTS 


Committee D-6 on Paper and Paper 
Products held no meeting during the year 
due to the restrictive nature of the 1945 
Annual Meeting of the Society. 

Cooperative relations are being con- 
tinued between Committee D-6 and 
other A.S.T.M. committees, as well as 
with other standardizing bodies. 

At the present time. Committee D-6 
consists of 77 members, of whom 63 are 
voting members; 25 are classified as 
producers, 25 as consumers, 22 as 
general interest, and 5 as consulting 
members. 

I. Revisions oe Tentatives 
The committee recommends that the 
following three methods be revised as 
indicated and continued as tentative: 
Resistance of Paper to Passage of Air 
(D 726 - 43 T), revised as appended 
hereto^ 

Ply Adhesion of Paper or Vulcanized 
Fibre (D 82S - 45 T), revised as 
appended hereto^ 

Tentative Method of Qualitative Ex- 
amination of Mineral Filler and Mineral 
Coating of Paper (D 686-43 T), revised 
as follows: 

Section 2 {a). — Add the following 
sentence parenthetically at the end of 
this paragraph: “(A 30 per cent solution 
of H 2 O 2 may be used in proportionately 
lesser quantity). 

, Section 2 (^).’'-Add the following as a 
new Paragraph (q), relettering the pre- 

* Presented at the Forty-nixith Annual Meeting of the 
Society, June 24-28, 1946. , , , „ . 

1 These revised methods were accepted by the Society 
and appear in the 1946 Book of A.S.T.M. Standards, Part 
IITB.' 


sent Paragraph (q) and subsequent 
paragraphs accordingly: “(g) Micro- 
cosmic Salt Solution. — Dissolve 50 g. of 
NaNH 4 HP 04 in water and dilute to 

1 liter.’' 

Section 4 (b). — Add the following note 
under item (J) : 

Note. — So far as is known, mixtures of sul- 
fides and sulfites are not used in loading or 
coating paper. To test for CO 2 in the presence 
of sulfites, add to the contents of the beaker a 
weak solution of iodine (about 0.1 N) until the 
liquid becomes yellow. Sulfites are oxidized to 
sulfates. Test the evolved gas for CO 2 in the 
usual manner with lime water. 

Section 4 (e). — To correct two typo- 
graphical errors in this section, make the 
following corrections: 

At the end of the first sentence, change 
“of sulfite” to read “or sulfite.” 

In the last sentence in parentheses of 
item {2) change to read as follows: 
“(Sulfates may be reduced to sulfides, 
or sulfides oxidized to sulfates, depending 
on ignition conditions.)” 

Section 4. — Add the following as a new 
Paragraph {h)i 

{h) Place the unfolded filter paper containing 
the acid-insoluble residue (Paragraph (/)) in a 
platinum crucible (Note 1). Dry and ignite 
with free access of air until all organic matter 
is removed. Add 1 to 2 g. of Na 2 COs and fuse 
until a clear melt is obtained or all reaction has 
ceased. Decompose the melt in 25 ml. of hot 
water, heat to boiling, and wash thoroughly 
with water. Reserve the filtrate and first two 
washings for analysis of the water, soluble por- 
tion according to (i) below. Wash the insolu- 
ble portion from the filter paper back into the 
original ' beaker with a stream of water, place 

375 , 
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the beaker under the funnel and pour 10 ml, of 
hot reagent grade HCl (sp. gr. 1.18) through the 
filter paper. Reserve the contents of the beaker 
for analysis of the water insoluble portion ac- 
cording to (2) below. 

(1) Acidify the water soluble portion with 
HClj evaporate to dr 3 mess, and bake at 100 to 
105 C. for 1 hr. Moisten the residue with 
reagent grade HCl (sp. gr. 1.18), let stand for a 
few minutes, add 5 to 10 ml. of diluted HCl and 
warm . The presence of silicate is indicated by 
a light, flocculent insoluble residue in the solu- 
tion, best observed against a dark background. 
Filter and add BaCb solution to a portion of the 
filtrate. A precipitate indicates sulfates. To 
another portion of the filtrate add NH4OH. A 
precipitate indicates aluminum. 

(2) Warm the acid solution of the water- 
insoluble portion, add 50 ml. of water, boil and 
add a very slight excess of NH4OH to precipitate 
aluminum (and iron). Filter and wash, reserv- 
ing the precipitate for analysis according to (3) 
below. Add 5 ml. of dilute H2SO4 (5:95). A 
precipitate indicates barium. Boil and filter. 
Add a slight excess of NH4OH to the filtrate 
followed by ammonium oxalate solution to in- 
sure the absence of calcium, filtering if any 
precipitate results. Cool the solution and add 
5 ml. of NH3OH and an excess of microcosmic 
salt solution. Stir well. If a precipitate forms 
within 15 min., the presence of magnesium is 
indicated. 

(3) Wash the insoluble precipitate obtained 
by the NH 4 OH treatment in ( 2 ) above with 
water and transfer it to the original beaker with 
a stream of water (Note 2). Add 5 ml. of HCl 
and warm. If solution is not complete, add 
3 ml. of reagent grade H 2 SO 4 (sp. gr. 1.84) and 
heat under a hood until SO 3 fumes are formed. 
Cool and dilute to 35 ml. Any barium sulfate 
not decomposed by the Na 2 C 03 fusion will be 
insoluble and should be removed by filtration. 
Make solution neutral with NaOH solution plus 
an additional volume equal to that of the 
neutralized solution. Boil, cool and filter. An 
insoluble precipitate indicates titanium. Neu- 
tralize the filtrate with HCl (sp. gr. 1.12), boil 
and add a slight excess of NH 4 OH. A precipi- 
tate indicates aluminum. 

Note l.—The procedure described in Para- 
graph (/«) will serve as a check on the examina- 
tion as outlined in Paragraphs (a) to (g). 

Note 2. — ^The procedure described in (3) is 
necessary only if both titanium and HCl-in- 
solubie aluminum compounds are present, and 
it is desired to estimate the relative amounts 
,.:Of each« 


New Seciwn— Add the following as a 

new Section 6: 

6. Report all cations and anions 

and radicles found present indicating the relative 
amounts of each, such as trace, slight amount, 
considerable, large amount, etc. The report 
should also interpret the results of the analysis 
in terms of the fillers or mineral coating ma- 
terials indicated to be present. 

II.. Adoption of Tentatives as 
Standards 

The committee recommends that the 
following six tentative methods be ap- 
proved without change for reference to 
letter ballot of the Society for adoption 
as standard: 

Tentative Methods of Test for 

Bursting Strength of Paper (D 774- 44 T), 
Effect of Heating on Folding Endurance of 
Paper (D 776- 44 T), 

Flammability of Treated Paper and Paper- 
board (D 777 - 44 T), 

Hydrogen Ion Concentration (pH) of Paper 
Extract (D 778 - 44 T), 

Time of Penetration by Water of Sized Paper 
and Paper Products (Dry Indicator Method) 
p 779- 44 T), and 

Printing Ink Permeation of Paper (Castor Oil 
Test) (D 780- 44 T). 

III. Revision of Standard, 
Immediate Adoption 

The committee recommends for imme- 
diate adoption the following revisions in 
the Standard Method of Test for Resin in 
Paper (D 549 - 41)^ and accordingly asks 
for a nine-tenths affirmative vote at the 
annual meeting in order that these 
modifications may be referred to letter 
ballot of the Society: 

Add ^^and Paperboard” after 

“Paper.’^ 

Section 1. — Change to read as follows: 

1. This method covers the procedures for 
qualitative and quantitative determination of 
rosin (colophony) in paper and paperboard.® 
The qualitative tests indicate the presence or 

*1944 Book of A.S.TM. Standards, Part III. 
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absence of resin from rosin or rosin soap added 
as a sizing agent. The quantitative tests give 
the total rosin which consists of the natural 
resins in the pulp from which the paper is made 
plus any rosin added as sizing. Such procedures 
are not applicable to the determination of syn- 
thetic resins (such as the melamine and urea- 
formaldehyde resins used to impart wet strength 
properties to paper). The method is limited to 
rosin, which is a natural vegetable resin, the 
residue left after distilling off the turpentine 
from the gum of pine or from the solvent extrac- 
tion of pine stumps, knots and top wood with 
subsequent separation from the extraction 
solvent, turpentine or pine oil, by distillation. 


“ For further information, see “Paper and Paper- 
board, Characteristics, Nomenclature and Significance 
of Tests,” p. 78, Am. Soc. Testing Mats., (1944). (Mono- 
graph issued as separate publication.) 

Sections 2, 6y and 7. — In these sections 
and also in the note under the heading 
“Quantitative Determination/^ change 
the word “resin’’ to read “rosin” wher- 
ever it appears. 

Section 2. — In the last line, change 
“resin in papers” to read “rosin or rosin 
soap added as a sizing material.” 

Section 6 (c)—At the end of this 
paragraph, add the following note: 
“Note.— The time of extraction specified 
may not be sufficient for certain heavy 
types of paperboard, such as container 
board, pressboard, binders board and 
pasted board, and for such paperboards 
the extraction procedure may not yield 
strictly quantitative results.” 

Section 6 {d). — ^At the end of this 
paragraph, add the following note: 
^^Note. — ^T here is a possibility that there 
may be present materials other than rosin 
which might be extracted and therefore 
would be reported as rosin.” 

IV. Tentative Methods Continued 
as Tentative 

The remaining tentative methods 
under the jurisdiction of Committee D-6, 
although requiring no revision, are 
recommended for continuation as ten- 
tative. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists 
of 63 voting members; 55 members 
returned their ballots, with the results 
shown in Table I. 

Activities of Subcommittees 

Subcommittee I on Paper Testing 
Methods (W. R. Willets, chairman) has 
held two meetings during the year. 
The subcommittee has been active in 
developing new methods of test and has 
also continued its critical study of 


TABLE I.— ANALYSIS OF LETTER BALLOT VOTE. 


Items 

JVfhrm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. Revisions op Tentative s 
Qualitative Examination of 
Mineral Filler and Mineral 
Coating of Paper (D 686 - 43 T) 

; 43 

0 

1? 

Test for Resistance of Paper to 
Passage of Air (D 726 - 43 T) 

' 46 

0 

9 

Test for Ply Adhesion of Paper 
or Vulcanized Fibre (D 825 - 
45 T) 

36 

1 

18 

II, Adoption of Tentati\^s 
AS Standard 

Test for Bursting Strength of 
Paper (D 774 - 44 T) 

47 

0 

8 

Test for Effect of Heating on 
Folding Endurance of Paper 
(D 776-44 T) 

43 

0 

12 

Test for Flammability of Treated 
Paper and Paperboard (D 777 - 
44 T) 

42 

0 

i 13 

Test for Hydrogen Ion Concen- 
tration (pH) of Paper Extracts 
(D 778-44 T) 

45 

1 

9 

Test for Time of Penetration by 
Water of Sized Paper and 
Paper Products (Dry Indicator 
Method) (D 779 ~44T) i 

44 

1 

10 

Test for Printing Ink Permea- 
tion of Paper (Castor Oil 
Test) (D 780 -44T) 

41 

1 

13 

III. Revision of Standard, 
Immediate Adoption 

Test for Resin in Paper 
(D 549-41) 

45 

0 

10 


various methods of test of paper and 
paper products that have been adopted 
by other agencies, for example, those of 
the Technical Association of the Pulp 
and Paper Industry. The seven tenta- 
tive methods being recommended for 
adoption as standards are also under the 
jurisdiction of this subcommittee. 
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Methods on the following subjects are 
being given consideration by Subcom- 
mittee I: 

Elongatioiij 

Analysis for sulfates and chlorides, 
Absorptiveness of paper to paraffin wax, 
Siliceous grit content, 

Retentiveness of filter paper, 

Filtration time of filter paper, 

Ash of filter paper, 

Lint, 

Creasing, 

Stiffness, 

Titanium dioride content, 

Gloss, and 
Fiber identification. 

In addition to the above subjects, 
studies are being made which may lead 
to proposed revisions in the Standard 
Methods of Test for Basis Weight of 
Paper and Paper Products (D 646 - 44), 
and in the Tentative Methods of Test 
for Water Vapor Permeability of Paper 
and Paperboard (D 783 -- 44 T), and for 
Water Vapor Permeability of Paper and 
other Sheet Materials at Elevated Tem- 
perature and Humidity (D 830 - 45 T). 

Subcommittee I also has developed a 
method of test for bacteriological ex- 
amination of paper and paperboard. 
This is still under consideration and is, 
therefore, not being submitted for publi- 
cation as tentative, but is included as an 
Appendix to this report for further 
information and criticism. 

Subcommittee II on Significance of Test 
Methods (C. C. Heritage, chairman) held 
no meeting during the year. This sub- 
committee does not contemplate further 
meetings until such time as a revision 
in the monograph on ‘Taper and Paper- 
board, Characteristics, Nomenclature, 
and Significance of Tests, is necessary. 

Subcommittee IV on Piberboard and 
Fibefboard Containers (R, L. Beach, 
chairman) has held one meeting during 
the year. Test procedures for the fol- 
lowing are under consideration: 


Ring crush test, 

Adhesion test of component parts of corru- 
gated board, 

Scuffing test, 

Immersion test, 

Delamination of plies, 

Bending quality of paperboard, 

Adhesive strength of seals and closures of 
packages, 

Insert resistance, and 

Water absorption of paperboard. 

The Advisory Committee, held two 
meetings during the year: on October 18, 
1945, and March 1, 1946. During these 
meetings, the proposed reorganization of 
Committee D-6 was thoroughly dis- 
cussed, and it was finally recommended 
that this matter be tabled for the present. 

The Advisory Committee recommends 
the following additions to the Regula- 
tions of Committee D-6 for immediate 
adoption: 

Article II. — Add the following as a 
new Section 2 : 

Sec. 2. Definition , — Paper and paper prod- 
ucts are those wliich do not lose their cellulose 
identity and do not contain a preponderance of 
other materials which would interfere with the 
methods of testing with apparatus commonly 
in use. 

Article VII. — -Add the following as a 
new Section 6: 

Sec. 6. Official . — Committee D-6 representa- 
tives on other standing committees of the So- 
ciety and on outside organizations shall report 
the results of important actions affecting Com- 
mittee D-6. Such a report shall be submitted 
in writing to the secretary of Committee D-6 
for presentation to the Advisory Committee at 
its next annual meeting for appropriate action. 

The Advisory Committee contem- 
plates the formation of a new subcom- 
mittee for the development of specifica- 
tions on paper. Bonds, ledgers, and 
index papers will be considered initially. 

During the year, ' the officers ■ of 
Committee D-10 on Shipping Containers 
and Committee D-6 met with A.S.T.M. 
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officials to consider the request of Com- 
mittee D-10 to take over the work on 
corrugated containers now being handled 
by Subcommittee IV of Committee D-6. 
As a result of this meeting, it was agreed 
to turn over to Committee D-10 all of 
the methods, specifications, and work 
which Subcommittee IV has completed 
or is at present working on, which con- 
cern completed shipping containers. 
This included the Standard Method of 
Compression Testing of Corrugated Solid 
Fiber Boxes (D 642 - 43), Tentative 
Method , of Drop Test for Shipping 
Containers (D 775 - 44 T), and- Tenta- 
tive Method of Drum Test for Containers 
in Small Revolving Hexagonal Drum 
Box-Testing Machines (D 782 - 44 T). 

During the year, the officers of Com- 
mittee D-9 on Electrical Insulating 
Materials and Committee D-6 met with 
A.S.T.M. officials to discuss the question 
of jurisdiction over vulcanized fiber.- 
As a result of this meeting, it was agreed 
that the , responsibility for standards on 
vulcanized fiber when used for structural 
purposes would be turned over to Com- 
mittee D-6. 

A Nominating Committee consisting of 
the chairmen of the subcommittees of 
Committee D-6, namely, R. L. Beach 
(chairman), W, R. Willets, and C. C. 


Heritage, submitted the following nomi- 
nations for officers of the committee for 
the next two years, which will be voted on 
at the meeting of Committee D-6 held in 
June during the Annual Meeting of the 
Society: 

Chairman, L. S. Reid. 

Vice-Chairman, W. R. AViiiets. 

Secretary, G. H. Hamden. 

■ At the same time, the Nominating 
Committee recommended that the mem- 
bers-at-large of the Advisory Committee 
for the next two years be as follows : 

K. P. Geohegan, 

E. G. Ham, 

G. M. Oieson, and 

R. G. MacDonald. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 63 voting members; 55 
members returned their ballots, of whom 
54 have voted affirmatively and 1 
negatively. 

Respectfully submitted on behalf of 
the committee, 

L. S. Reid, 
Chairman. 

G. H. Harnden, 

Secretary. 
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PROPOSED METHOD OF TEST FOR THE BACTERIOLOGICAL 
EXAMINATION OF PAPER AND PAPERBOARD' 

This is a proposed method and is published as information only. 

Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the procedure 
for the bacteriological examination of 
paper and paperboard. The procedure 
outlined represents in every case what 
may be considered at this time as mini- 
mum standard practice. Because of the 
exacting technique required in bacterio- 
logical procedures, they can be expected 
to yield reproducible results only in the 
hands of properly trained technicians. 
Likewise, more than usual care must be 
exercised in the collection and shipment 
of samples. If possible, this work should 
be done by a bacteriologist. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Balance. — The balance shall be 
sensitive to 0.1 g. and should be equipped 
with a platform of a size to accommodate 
readily the Petri dishes used. 

(б) Colony Counter. — Any one of sev- 
eral types of colony counters may be 
used. The Quebec, the Buck, and the 
Wolffhuegel colony counters have been 
found satisfactory. A hand tally for 
recording the count is recommended. 

{<;) Containers for Dry Samples. — Two 
single envelopes, one placed inside the 
other. The larger one may be 9 by 12 
in. and the smaller 6.5 by 9,5 in. They 
should be made of heavy kraft paper, 
tested for ability to withstand breakdown 

i This proposed method is under the jurisdiction of* 
the A.S.T.M. Committee D'6 on Paper and Paper Prod- 
ucts. Published as information, June, 1946. 


due to embrittlement or charring during 
sterilization in the hot-air oven. After 
sterilization, the flap on the outer 
envelope shall be secured by Scotch tape. 
A folder of suitable size made from heavy 
kraft paper steriMzed in the oven may 
also be used in place of the two single 
envelopes. After the paper sample has 
been placed inside the sterile folder, the 
latter is sealed with Scotch tape. 

{d) Cotton. — Rolls of nonabsorbent 
cotton for making plugs. 

{e) Dilution Bottles. — Narrow-mouthed, 
square-sectioned 8-oz. glass bottles 
fitted with screw- caps for water blanks. 

(/) Disintegrators. — These may be 
either the electrical type^ or the ball- 
mill type. A kraft-paper cover shall be 
placed over each disintegrator cup or jar 
prior to its sterilization by steam heat. 

{g) Flaming Equipment. — Either an 
alcohol lamp, a gasoline blowtorch or a 
Bunsen burner for flaming forceps, 
scissors, knives, mouths of sterile con- 
tainers, etc. 

Qi) Flasks. — 200-mL Eriennieyer 
flasks as containers for sterile media. 

(i) Forceps for handling samples of 
paper. Each pair shall be placed in a 
separate kraft envelope made especially 
for this purpose, and then sealed with 
gummed tape preparatory to steriliza- 
tion. Alternately, the forceps may be 
sterilized by flaming, in which case the 
envelope is unnecessary. 

* Disintegrators such as the Stevens, Stevens Elec- 
trical Co., Racine, Wis,, or the Berated, Berated Mfg. Co., 
Fostoria, Ohio, have been found satisfactory. 
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(j) Incubator —A reliable incubator 
which, will maintain a temperature of 
37 dz 0.5 C. (98.0 ± 1.0 F.), to provide 
proper incubation conditions for the 
inoculated plates and tubes. 

(k) Knives. — paring knife of the 
type commonly used to cut fiberboard 
with its blade cut down to within 1.5 in, 
of the base. The knives shall be pre- 
pared for sterilization as described in 
Paragraph (i). 

(/) Petri Dishes. — Petri dishes, 100 
by 15 mm., preferably of Pyrex glass, are 
recommended for plating samples. They 
may be sterilized conveniently in copper 
boxes fitted with covers. 

{m) Pipettes, — Two sizes of pipettes, 
1.1-ml. milk-dilution type and 10-ml. 
ordinary type. Mohn lO-ml. pipettes 
whose tips have been cut off to give an 
opening about 3 mm. in diameter at the 
delivery end, are best for pipetting pulp 
suspensions. The pipettes shall be 
placed in metal boxes (preferably copper) 
to be sterilized. 

(n) Scissors. — A satisfactory type scis- 
sors shall have a 4-in. cutting surface. 
Each pair shall be prepared for steriliza- 
tion as described in Paragraph (i). 

(o) Sterilizers. — Two types are needed, 
the particular style and size depending 
upon the needs of each laboratory as 
follows: 

(i) A steam sterilizer, such as the 
pressure cooker or the autoclave, and 
{2) A hot-air oven, preferably elec- 
tric, although gas-heated ovens may 
be used. 

In both cases, thermometers shall be 
used to determine the inside temperature 
during sterilization. 

Chemicals and Media 

3. {a) Alcohol. — Either methyl alcohol 
or 95 per cent denatured ethyl alcohol 
shall be used to sterilize equipment by 
flaming. 

{h) Culture Medium. — A standard nu- 


trient agar (Note) may be prepared from 
the essential ingredients according to the 
procedure outlined by the American 
Public Health Association^. After the 
medium is dissolved, the hot mixture 
shall be placed in Erlenmeyer flasks, in 
dilution bottles, or in test tubes, and 
plugged. It is then ready to be sterilized. 

Note. — Difco dehydrated nutrient agar or 
equivalent is recommended. 

Sterilization of Apparatus and Media 

4. Depending upon the nature of the 
equipment to be sterilized, one of three 
methods shall be used as follows: 

{a) Steam Heat {Pressure Cookers and 
Autoclaves). — ^The following shall be 
sterilized by heating for 20 min. at a 
minimum temperature of 121 C. (260 F.), 
corresponding to 15-psi, steam pressure: 
cups and jars for disintegrators, culture 
medium (unless other conditions are 
specified by the manufacturer of the 
medium), and water for dilutions. 

(b) Dry Heat {Electrically or Gas- 
Heated Ovens). — ^The following shaU be 
sterilized by heating for 4 to 5 hr. at a 
minimum temperature of 165 C. (330 F.) : 
heavy kraft envelopes and folders, 
forceps, knives, Petri dishes, pipettes, 
and scissors. Care shall be taken to 
avoid overheating and consequent 
scorching of any paper containers or 
wrappers used on instruments that are 
being sterilized. 

(r) Flaming. — Scissors, forceps, knives, 
and similar instruments shall be alterna- 
tively sterilized by flaming. Such appa- 
ratus shall be kept in denatured 95 per 
cent alcohol or in methyl alcohol while 
not in use. When needed for cutting or 
handling samples, the apparatus shall be 
removed from the liquid, the alcohol 
drained off for a few moments, then the 
excess alcohol burned off in the flaming 
equipment. 

* “Standard Methods for the Examination of Water 
and Sewage/’ Am. Public Health Assn., 1936, p. 201. 



382 


Report of Committee D-6 (Appenbix) 


Sampling : 

5. Occasional single samples are in- 
adequate, since the analyses reflect the 
conditions which prevailed only at the 
time when such samples were taken. 
The actual number of samples which 
should be taken depends largely on the 
reasons which prompt the analysis. 

(a) Sampling Lots of Paper or Paper- 
hoard. — ^At least five representative rolls 
or skids shall be taken from 50,000-lb. 
lots. For smaller lots, at least three 
representative samples should be taken. 

{h) Sampling Paper or Paperboard on 
Machines. — When a lot of paper or 
paperboard is being examined during its 
manufacture, at least 4 samples should 
be taken at. 6-hr. intervals during each 
24 hr. In some cases, it may be desirable 
to sample every 4 hrs. 

(c) Collection of Samples of Paper and 
Paperboard. — Two sterile envelopes, one 
within another, shall be used for each 
sample. Every two weeks, a check 
shall be made on the technique of hand- 
ling these sterile envelopes by sampling 
the inner envelopes as if they were paper 
samples, and testing for bacterial content. 

Samples from rolls shall be taken as 
follows: Make a vertical cut with a 
sterile knife through several thicknesses 
on the surface of the roll near the center 
and parallel to the edge of the roll; make 
a second vertical cut parallel to the first 
and about 5 in. from the first cut; and 
make a horizontal cut across the bottom 
of the first two cuts, thus allowing the 
cut flap to spring out from the surface of 
the rol. Then carefully open the steril- 
ized envelope, tear off and discard the 
top sheet of the flap, and slip the end of 
the cut flap of paper into the envelope. 
Then make a last horizontal cut across 
the top of the flap and about 8 in. from 
the bottom cut. The paper sample will 
then drop into the inner envelope, after 
which the outer envelope shall be sealed 
by means of Scotch tape. This will give 


a sample approximately 5 by 8 in. Two 
such samples. shall be taken at different 
sections on the roll. This procedure may 
be adapted for sampling paper from 
skids, using flamed forceps for handling 
the samples of cut paper. 

Procedure 

6. Weighing, plating, and culturing of 
paper samples shall be done in a room 
vrhich is relatively free of air currents and 
dust. The surface of the work table 
shall be sponged with a 5 per cent 
aqueous solution of phenol about 30 min. 
before plating. 

(a) Weighing Method.— sample 
shall be weighed in a tared, sterile Pe tri 
dish placed on the balance as follows: Cut 
the envelope, in which the sample is 
received, along the flap by means of a 
sterile knife or sterile scissors. Open the 
envelope by pressing the sides, without 
touching the inner surface, and remove 
the paper sample with sterile forceps. 
Hold the sheet of paper in one hand, cut 
away with sterile scissors and discard the 
outer edges of the sheet. Make a series of 
cuts about i to 1 in. apart, parallel to the 
side of the sheet and opposite the edge 
held in the hand. Remove the cover of 
the tared Petri dish and place it on 
another sterile dish, the cover of which is 
removed at the time of cutting the 
sample. Cut squares of paper directly 
into the dish by making a series of cuts 
perpendicular to those made previously. 
The particular type of disintegration 
equipment employed and the volume of 
liquid which it will handle satisfactorily 
will govern the amount of paper sample 
which is to be 'cut for disintegration. 
Therefore, cut suflflcient paper to make a 
1.0 per cent suspension of fibrous material 
after disintegration has been completed. 
Not less than ,2.0 g. of paper sample 
should be used. Replace the cover on 
'the Petri dish; check the weight and 
adjust the excess or deficiency to obtain 
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the desired weight of sample. A toler- 
ance of plus or minus 10 per cent is 
permitted in the weight of the sample. 

(6) Disintegration . — Place the weighed 
sample and . the necessary volume of 
sterile water in the disintegrator cup or 
jar. In adding material to the cup^ do 
not touch the metal cap with the hands 
but lift it by grasping the paper hood 
which was placed over the cup before 
sterilizing. Lift both hood and metal 
cap only enough to permit access to the 
cup. If several paper samples are to be 
examined, cool the water blanks to pre- 
vent the temperature of the disintegrated 
sample from exceeding 45 C. (113 F.) 
during disintegration. Let the paper 
hood remain on the cup at all times to 
prevent possible contamination through 
the opening in the metal cap or around the 
top of the cup. Place the cup containing 
the weighed paper sample and sterile 
water in the mixing machine and run for 
approximately 6 min., or until disinte- 
gration of the paper is completed. Test 
the sterility of the cups periodically by 
adding sterile water, as when examining 
paper, and then culturing portions of the 
rinse water for controls. Make control 
tests on the technique of disintegration 
at frequent intervals by using a sample of 
sterilized paper and following the above 
procedure in detail Plates containing 
such samples should be free from colonies 
of bacteria. 

{c) Plating and Incubating . — In cul- 
turing a disintegrated paper sample, 
distribute with a sterile pipette a total of 
10 ml. of the pulped mixture in approxi- 
mately equal portions in five Petri dishes. 
Add to each plate 15 to 20 ml. of stand- 
ard nutrient agar, cooled to about 45 C. 
(113 F.), then agitate the plates indi- 
vidually to disintegrate clumps of pulp 
and obtain an even distribution of the 
paper fibers in the medium. A recipro- 
cating motion, similar to that on the wire 
screen of a Fourdrinier machine, is 


desirable. It is important that all lumps 
of pulp be broken up in order that the 
plates may be examined easily and 
accurately. Pour one control plate 
(without paper pulp) with each set of 
five plates, thus providing an agar 
control for each paper sample examined. 
After the plates have been agitated, place 
them on a level surface until the medium 
solidifies; then invert and incubate the 
plated samples at 37 ± 0.5 C. (98 ± 1 F.) 
for 48 hr. Do not stack the plates too 
closely in the incubator. 

{d) Counting Plate Cultures . — After 
incubation for 48 hr. at 37 C., examine the 
cultures for the presence and number of 
colonies by holding the plates against a 
dark background, indirectly lighted. 
Plate counters are especially desirable. 
The amount of fibrous material dis- 
tributed over a given area of plate surface 
has been found to be an important factor 
in the number of colonies observed in a 
given sample of paper. Therefore, it is 
important to follow carefuUy the direc- 
tions regarding the pulp consistency 
( 1.0 per cent), volume of sample plates 
(10 ml), and the number and size of 
plates used. If the paper has been 
separated into individual fibers and 
mixed well in the medium, the colonies 
may be easily counted. If any particles 
are observed in the cultures which cannot 
be definitely identified as colonies, they 
should be examined microscopically. 
Plates with spreading colonies should be 
counted if at all possible; otherwise, they 
should be reported as “spreading colo- 
nies.’’ Examine control plates also and 
make a record of the number of colonies 
found on the control of each paper sample* 

Calculation of Results 

7. Results for paper samples shall be 
expressed as the number of colonies per 
gram of air-dry paper examined. Since 
the consistency of the fibrous suspension 
made from such samples is 1.0 per cent, 
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there is present 1.0 g. of stock in each 
100 g* of suspension. A total of 10 ml. of 
the pulped mixture (0.10 g. of actual 
paper) is cultured in five plates, There- 
forCj to obtain the number of colonies 
per gram of paper, multiply the total 
number of colonies found by 10. 

Report 

8. Report the average number of 
colonies per gram according to the 
following method^: 

Niunber of Colonies per Gram Report to Nearest 


1 to 

50 

1 

51 to 

100 

5 

101 to 

250 

10 

251 to 

500 

25 

501 to 

1 000 

50 

1 000 to 

10 000 

100 

10 001 to 

50 000 

500 

50 001 to 

100 000 

.... 1 000 

100 001 to 

500 000 

. . . . 10 000 

500 001 to 

1 000 000 

.... 50 000 

1 000 001 to 10 000 000 

.... 100 000 


4 “Standard Methods for the Examination of Water 
and Sewage,” Am. Public Health Assn., 1936, p. 209. 


As explained in Section 7, the count of' 
any particular sample of paper is ob- 
tained by multiplying the total count on 
the plates by 10. However, when the 
counts of ■ several samples are to be 
averaged, the logarithmic method of 
averaging is recommended (Note) . This 
method of averaging tends to minimize 
the effect of occasional high counts 
which may have resulted from some 
transitory condition. Details concern- 
ing logarithmic averages have been 
published.® 

Note: Example . — An example of this type of 
averaging follow^s: 

Count Logarithm 

100 2.0 

1 000 3.0 

10 000 4.0 

The logarithmic average of these three counts 
would be 3-0, representing 1000 colonies per 
gram. 


5 “Mills Ordinance and Code,” Bulletin U. S. 
Public Health Service (1939). 
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Committee D-7 on Wood held one 
meeting during the year in Chicago, III, 
on March 12, 1946, at which the status 
of work under way and plans for the 
coming year were discussed. 

At this meeting of the committee it 
was voted to establish a new subcom- 
mittee on wood poles, to be designated 
^'Subcommittee VII on Wood Poles.’' 
This action was taken because of the 
increasing demand for wood poles in- 
volving a consideration of and specifi- 
cations for additional species other than 
those which have been most commonly 
used. This action will still further 
broaden the field of work of the com- 
mittee and enable it better to meet the 
range of problems in its field. 

At the meeting of the committee the 
present officers were unanimously re- 
elected for the ensuing term of two years. 

A summary of the work under way and 
further plans of the several subcom- 
mittees is discussed under the headings 
of the various subcommittees. 

Activities oe Subcommittees 

Subcommittee I on Specifications for 
Timber (L. J. Markwardt, chairman) is 
planning some revision in the Standard 
Specifications for Structural Wood Joist 
and Plank, Beams and Stringers, and 
Posts and Timbers (D 245 - 37) to pro- 
vide material suitable for such purposes 
as tension members in trasses and to 
convert the present grade for beams and 
stringers, and joists and planks into 

* Presented at the Forty-ninth Animal Meeting of the 
Society* June 24-28p 1946, 


cutting grades. Some suggestions for 
revision of the Standard Specifications 
for Round Timber Piles (D 25 - 37) have 
been received and will be considered. 

Subcommittee IV on Wood Paving 
Blocks (W, H. O’Brien, chairman) has 
developed a preliminary draft of tenta- 
tive specifications for wood block flooring 
for interior use. The preliminary draft 
is undergoing further revision to meet 
requirements found to be most satis- 
factory on the part of users and manu- 
facturers. It is planned to present the 
specifications for publication as tentative 
during the coming year. 

Subcommittee V on Methods of Preser- 
vative Treatment of Timber (A. L. Kuelin, 
chairman) is considering the advisability 
of revising and bringing up to date 
specifications on methods of preservative 
treatment so that they will conform with 
latest practices. 

Subcommittee VI on Timber Preserva- 
tives (W. P. Arnold, chairman) will give 
major consideration to the preparation 
of specifications for other extensively 
used preservatives than those now cov- 
ered by A.S.T.M. Standards, and has 
scheduled for review and revision a 
number of the present A.S.T.M. methods 
and specifications as follow^s: 

Standard Methods of Test for:'^ 

Chemical Analysis of Zinc Chloride (D 199 - 27), 
Insoluble Matter in Creosote (P 367 - 33), 
Specific Gravity of Creosote (D 368 - 33), 
Specific Gravity 38/15.5 C. of Creosote Frac- 
tions (P 369 - 33), 

Water in. Creosote (I) 370 - 33), and 

1944 Book of A.S.T.M. Standards, Part 11. 
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Standard Specifications for: 

Zinc Chloride (D 432 - 39). 

Subcommittee IX on Methods of Testing 
(L. J. Markwardtj chairman) has made 
marked progress in the revision of the 
Standard Methods of Testing Small 
Clear Specimens of Timber (D 143 ~ 27), 
This revision will be completed during 
the year. Work is also progressing on 
the development of a secondary standard 
for methods of testing wood based on 
specimens 1 by 1 in. in cross-section as 
against the 2 by 24n. size called for in 
the present standard. The need of the 
secondary standard is becoming increas- 
ingly important to permit the more 
efficient evaluation of the properties of 
second growth material which involves 
smaller trees than virgin growth and for 
studying the properties of other species 
which do not attain sufficient commercial 
size to yield adequate sampling as called 
for in the present Standard Method 
D143. 

Subcommittee X on Nomenclature and 
Definitions. — With the resignation of 
C. J. Hogue, the chairmanship of this 
subcommittee remains to be filled. Dur- 
ing the coming year completion of the 
revision of tree names in the Standard 
Definitions of Terms Relating to Timber 
(D 9 -- 30) is expected. 

Subcommittee XI on Moisture Content 
of Timber (M. E. Dunlap, chairman) 
contemplates carrying on research spe- 
cifically directed to the use of moisture 
meters which will lead to the preparation 
of specifications for their use. included 
in the problems under study, are such 
factors as the evaluation of the effect of 
glue lines on moisture meter readings on 
laminated timber. 

Mr. Dunlap reported the development 
of a satisfactory method at the Forest 
Products Laboratory for quickly deter- 
mining the moisture content of wood 
treated with fire-retardant chemicals. 
Considerable difficulty has been experi- 


enced in connection with the deter- 
mination of the moisture content of 
treated wood. For this type of ma- 
terial the usual oven-dry method is not 
accurate and moisture meters do not give 
reliable results. The new method devel- 
oped by Mr. Dunlap is based on the 
dew‘-point principle and gives promise of 



Fig. 3 .—Dew Point and Water Vapor Tem- 
peratures as Related to the Equilibrium Mois- 
ture Content of Wood over a Limited Range. 

solving the problem of determining the 
moisture content of chemically treated 
wood. The method involves placing 
small sections of the sample in a glass 
jar of special design and after moisture 
equilibrium of the air has been reached, 
the moisture content can be determined 
with surprising accuracy. About 20 
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min. is required for a determination. A 
special chart shown in Fig. 1 has been 
prepared for converting the reading to 
the usual percentage moisture content, 
based on the dry weight of the wood. 
This development elicited great interest 
among the committee members inter- 
ested in treated wood. 

The apparatus consists of a clear glass 
jar with a tight cover to contain the 
sample, a dew-point instrument, a ther- 
mometer to register the temperature of 
the water vapor, and vessels to supply 
chilled water for cooling the dew-point 
instrument. 

The dew-point measurement is a well- 
known physical determination and is 
found by cooling a highly polished metal 
surface to the temperature at which a 
cloud of water vapor condenses on and 
leaves the surface. 

The chart (Fig. 1) gives directly the 
moisture content of the sample when the 
temperature of the water vapor and 
dew point are known, for the limited 
range of moisture content encountered 
in tests of treated wood. The chart is 
based on the well-established relation 
between moisture content, relative hu- 
midity, and temperature. 

Subcommittee XII on Fire-Retardant 
Wood (W. H. Fulweiler, chairman) has 
been active during the year in studying 
problems relating to methods of testing 
fire-retardant wood, the significance of 
results, and the correlation of the differ- 
ent methods. One of the basic problems 
is that of sampling, and complicating 
the sampling for fire test is the fact that 
some pieces of wood treat readily on all 
sides, while others do not treat uni- 
formly. The problem of sampling in- 
volves, furthermore, such' questions as 
whether the test is to evaluate lumber 
that is completely treated and involves 
relatively small sizes, or to evaluate 
large timbers that are not completely 
treated through the piece. While much 


has been accomplished, the work has 
not progressed far enough to lead to the 
completion of specific conclusions and 
recommendations. 

Standards Six Years without 
Revision 

The following standards under the 
jurisdiction of Committee D~7 have now 
been published for six years or longer 
without revision. These standards have 
been carefully reviewed and they should 
all be continued without any changes. 
Most of them are now the accepted 
standards of other engineering groups 
and Governmental bureaus and will 
probably not require any changes for 
some time to come: 

Standard Specifications Jot: 

Wooden Paving Blocks for Exposed Pavements 
(D52-20), 

Creosote (D 390 - 36), 

Creosote - Coal Tar Solution (D 391 -• 36), 

Standard Methods of: 

Sampling and Testing Creosote (D 38 - 33), 

Test for Coke Residue of Creosote (D 168 - 30), 
Static Tests of Timbers in Structural Sizes 
(D 198-27), 

Test for Distillation of Creosote (D 246 -42), 
Standard Definition of Terms Relating to 
Timber Preservatives (D 324 - 41), and 
Standard Volume and Specific Gravity Correc- 
tion Tables for Creosote and Coal Tar 
(D 347 -33). 

The following standards under the 
jurisdiction of Committee D-7 are now 
either undergoing revision or are in- 
cluded in plans for revision during the 
coming year by the respective sub- 
committees: 

Standard Specifications for: 

Round Timber Piles (D 25 - 37), 

Structural Wood Joist and Plank, Beams and 
Stringers, and Posts and Timbers (D 245 - 37), 
Zinc Chloride (D 432 - 39), 

Standard Methods of: 

Testing Small Clear Specimens of Timber 
(D 143-27), 
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Chemical Analysis of Zinc Chlonde (B 199 ~ 27), 
Test for Insoluble Matter in Creosote (D 367 - 
33), 

Test for Specific Gravity of Creosote (D 368 ~ 
33), 

Test for Specific Gravity 38/15.5 C. of Creosote 
Fractions (D 369 - 33), 

Test for Water in Creosote (D 370 “ 33), and 
Definitions of Terms Relating to Timber 
' (D9 -30)» 

This report lias been submitted to 
letter ballot of the committee, which 


consists of 49 members;' 46 members 
returned their ballots, all of whom have 
voted affirmatively* 

Respectfully submitted on behalf of 
the committee, 

Hermann von Schrenk, 

Chairman. 

L* J* Markwardt, 

Secretary. 



REPORT OF COMMITTEE D-8* 

ON 

BITUMINOUS WATERPROOFING AND ROOFING MATERLILS 


Because of war conditions, Com- 
mittee D-8 on Bituminous Waterproofing 
and Roofing Materials held no meetings 
and made no report to the Society in 
1945. However, during that year Com- 
mittee D-8 presented to the Society 
through the Administrative Committee 
on Standards the following recom- 
mendations : 

Revision of Tentative Specifications for 
Asphalt Roofing Surfaced with Coarse Mineral 
Granules (D 249 - 44 T), and 

Revision of Emergency Alternate Provisions 
for Tentative Specifications for Asphalt Roofing 
Surfaced with Coarse Mineral Granules 
(EA-*D249b). 

These recommendations were ac- 
cepted^ by the Administrative Com- 
mittee on Standards on August 27, 
1945, and appear in the 1945 supplement 
to Book of A.S.T.M. Standards, Part 
II. 

During 1945, a new Subcommittee 
XIII on Tests for Stain Properties of 
Bituminous Materials has been created 
under the chairmanship of A. B. Hers- 
berger, which is now engaged in: 

(i) A cooperative study and in- 
vestigations' required in order to 
standardize a stain test based on the 
Schweyer-Howell Test. 

{2) The selection and study of 
asphalts and test methods connected 


® Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946, 

S' In submitting these recommendations to the Admin- 
istrative Committee on Standards, Committee D-8 re- 
ported the following results of the letter ballot vote of a 
total of 39 ballots returned from a committee membership 
of 62; D 249, affirmative 31, negative 0, ballots marked 
“not voting” 8; EA-D 249 d, affirmative 32, negative 0, 
ballots marked “not voting” 7. 


with the problem of staining of paint 
coatings by asphalts used in the 
construction of floor coverings. 

- Subcommittee XII on Tests for 
Mineral Surfacing Materials, under the 
chairmanship of II. R. Gundlach, has 
prepared specifications for grading of 
roofing granules covering three grades 
now being used in the asphalt roofing 
industry, which, it is hoped, may soon 
be presented to the Society through the 
Administrative Committee on Stand- 
ards for publication as tentative. 

Prior to a meeting of Committee D-8 
at Pittsburgh, Pa., on February 27, 1946, 
its subcommittees reviewed all of the 
standards and tentatives for which they 
are responsible, and at that meeting 
action was taken by Committee D-8 on 
the recommendations in this report. 

I. Revision of Tentatives 

In order to bring two tentative specifi- 
cations into general conformity with 
other roofing specifications, Committee 
D-8 recommends that they be revised 
as follows: 

Tentative Specifications for Asphalt 
Roofing Surfaced with Powdered Talc 
or Mica (D 224-44T):2 

Table /.—Place the ninth requirement 
as the sixth requirement in this table 
and change to read as follows by the 
omission of the words in brackets : 
‘Weight of any 108 sq. ft. [roll] of 
[complete] roofing in the shipment.’^ 
Tentative Specifications for Asphalt 


» 1944 Book of A.S.T.M, Standards, Part 11. 
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Roofing Surfaced with Coarse Mineral 
Granules (D 249-45 T):^ 

Title, — Delete' the word ^^Coarse/^ 
Section 6 (c ). — Change from its present 
form: namely. 

The reverse side of the sheet shall have the 
asphalt coating and surfacing applied uniformly 
to the edges. 

to read as follows: 

The asphalt coating and the surfacing shall be 
applied uniformly over the entire reverse side 
of the sheet. 

Table I. — Change the requirements for 
area to read as follows by the addition 
of the italicized figures and the omission 
of those in brackets: '^Area. . .The aver- 
age area of the rolls examined shall 
contain sufficient roofing to cover 100 
sq. ft. of roof surface (108 sq. ft. with 2 
in. or no bare lapping edge or [ 111 ] 114 
sq. ft. with [3] 4 in, lapping edge).^' 
Change the minimum requirements 
for net average weight per roll to read 
as follows by the addition of the italicized 
figures and the omission of the figure in 
brackets: 

Weight per Roll, 
net average, 

tu 


xum., io. 

No bare edge 83.0 

2 [or 3]-m. bare edge 81.0 

44n. bare edge S3.0 


Place the last requirement as the 
sixth requirementj and change to read 
as follows by the omission of the words 
in brackets: ^Weight of any 108 sq. ft. 
[roll] of roofing in the shipment ( [coarse] 
granule surfaced portion).’’ 

Section 10 (a). — Change the first sen- 
tence to read as follows by the addition 
of the italicized figures and the omission 
of those in brackets: “The roofing shall 
be put up in rolls of either 108 sq. ft. 
when made with a 2-in. or no bare- 
lapping edge, or [111] 114 sq. ft. when 
made with a [3] 4-in. bare lapping 
edge.” 

®1945 Supplement to Book of A.S.T.M. Standards, 
Part II.- 


Section 12 (a).— Change the second 
sentence of Item (3) of this section to 
read as follows' by the addition of the 
italicized figure and the omission of the 
figure in brackets: “Where the roofing 
is intended for application by the con- 
cealed nailing method and is provided 
with a [3] 4-in. selvage, 150 nails per 
square shall be furnished on a basis of 
36-in. roofing.” 

Section 12 (b), — Change the fifth, 
sixth, and seventh sentences of item 

(2) of this section to read as follows by 
the addition of the italicized figures and 
the omission of those in brackets: 
“The test specimen shall consist of two 
strips each 6 in. in length and 1 in. in 
width cut from the roofing, and one of the 
strips shall include a [3] 4-in. bare 
lapping edge. The specimen shall be 
prepared for testing by covering the 
bare lapping edge of the one strip with 
[ 1 . 5 ] 3 g. of cement, spreading it evenly, 
and then allowing the strip to remain 
undisturbed for 10 min. at a temperature 
of 70 to 90 F. (21 to 32 C.). The 
reverse side of the other strip shall then 
be placed upon the cement-coated lap- 
ping edge in such a manner as to form a 
complete specimen [9] in. in length by 
1. in. in width that includes a regular 

[3] 4-in. cemented lap.” 

Tentative Methods of Sampling Bi- 
tuminous Materials (B 140 - 41 T).^ — 
These methods are under the joint 
jurisdiction of Committee D-8 and Com- 
mittee B-4 on Road and Paving 
Materials. Committee D-8 joins with 
Committee D-4 in recommending the 
following revision of these methods; 

Section 8 (a). — Change the third and 
fourth sentences to read as follows by 
the addition of the italicized words and 
the omission of the words and 'figures 
inbrackets: 

This pipe shall be provided with a plug cock 
and shall discharge into a [receiving drum of 
50-gaL capacity] sample receiver. The plug cock 
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shall be so adjusted that there is a steady con- 
tinuous flow of bituminous material through it 
and [shall be] so regulated that the sample re- 
ceiver will fill to ike required amount in the same 
time that is required to make the entire pumping. 

Section 13 , — Change this section to 
read as follows by the addition of the 
italized words and figures: 

13. Solid bituminous materials in crushed 
fragments or powdeij such as gilsonite, graham- 
ite, etc., shall be sampled in accordance with 
the Standard Method of Sampling Coal for 
Analysis (A.S.T.M, Designation: D 21), except 
that the gross sample may he less than 1000 Ih. 
hut not less than 50 lb. when knowledge of the 
uniformity of the solid bituminous material in the 
shipment warrants, 

II. Adoption of Tentative as 
Standard 

Tentative Specifications for Asphalt 
Shingles Surfaced with Coarse Mineral 
Granules (D 225 - 44 T).^ — Committee 
D-8 recommends that these tentative 
specifications, with the following editorial 
revisions, be approved for reference to 
letter ballot of the Society for adoption 
as standard: 

Title. — Delete the word “coarse.’’ 

Section 3 . — Add the following as the 
first sentence of this section: “The felt 
shall be a roofing felt produced by 
“felting” vegetable or animal fibers or 
mixtures thereof.” 

Table L — Change the fourth item to 
read as follows by the addition of the 
italicized words: “Weight (net average 
of package inspected) of finished shingles 
per 108 sq. ft.” 

III. Revision of Standards, 
Immediate Adoption 

As the proposed revisions of the 
following standards are mainly editorial 
in nature, and are intended to bring them 
into conformity with other approved 
forms, it is recommended that they be- 
incorporated immediately in these stand- 
ards. The committee accordingly re- 


quests the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these recommendations may 
be referred to letter ballot of the Society. 

Standard Specifications for Wide Selvage 
Asphalt Roofing Surfaced with Coarse 
Mineral Granules (D 371.- 44):^ 

Title. — Delete the word “Coarse.” 

Section 6 (c). — Change the last sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: “If coated it may be 
[surfaced] covered with a [small amount 
of mineral matter] suitable material 
to prevent the roofing from sticking in the 
[roll] packaged^ 

Table I. — Change the last sentence of 
the fourth requirement to read as follows 
by the addition of the italicized figure 
and- the omission of the one in brackets: 
“The granular surfacing shall not slide 
more than [J] 1/16 in. when suspended 
vertically.” 

Place the last requirement as the 
sixth requirement in this table and 
change to read as follows by the omission 
of the word in brackets: “Weight of any 
108 sq. ft. [roll] of roofing in shipment 

Standard Specifications for Asphalt 
Siding Surfaced with Coarse Mineral 
Granules (D 599 - 44) 

Title. — Delete the word “Coarse.” 

Section 3, — Add the following as the 
first sentence of this section: “The felt 
shall be a roofing felt produced by 
“felting” vegetable or animal fibers or 
mixtures thereof.” 

Table I. — Place the last requirement - 
as the fifth item in this table. 

IV. Standards and Tentatives Con- 
tinued Without Revision 

Standard Specifications for Asphalt for 
Use in Constructing Built-Up Roof 
Coverings (D 312 - 44).^ — ^No immediate 
revision of this standard is contemplated, 
although certain suggestions for changes 
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in softening point and ductility require- 
ments are under consideration. 

Tentative Methods of Testing Asphalt 
Roll Roofings Cap Sheets and Shingles 
(B 228 - 44 T).^““Work is now being 
conducted on probable improvements 
in some of the test methods. 

Tentative Specifications for Asphalt- 
Saturated Asbestos Felts for Use in 
W ater proofing and in Constructing Built- 
Up Roofs (D 250 “■ 44 T),^ and for 
Asphalt-Saturated and Coated Asbestos 
Felts for Use in Constructing Built-Up 
Roofs (D 655 - 44 T). 2— There are 
several differences between these two 
specifications and those under considera- 
tion by the Federal Specifications Board, 
which should be studied before the 
committee is prepared to recommend 
them for adoption as standard. 4 

Tentative Specifications for Coal-Tar 
Pitch for Steep Built- Up Roofs (D 654 - 
42 T).2 — Studies of the softening point 
range and requirements for resistance 
to slide are being conducted. 

Tentative Specifications for Asphalt for 
Dampproofing and Waterproofing (D 449 
- 42 T).2 — It is considered advisable to 
maintain these specifications as tentative, 
pending an attempt to harmonize them 
with proposed requirements of the Ameri- 
can Railway Engineering Association. 

Tentative Recommended Practice for 
Accelerated Weathering Test of Bitumi- 
nous Materials (D 529 - 39 T).^ — k 
revision of this test will probably be 
recommended in the near future. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 


of 60 voting members, with the results 
shown in Table I. 


tablet.-analysis of letter ballot vote. 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

yoting” 

I. Revision of Tentatives 
Spec, for Asphalt Roofing Sur- 
faced with Powdered Talc or 
Mica (D 224 - 44:T) 

33 

0 ^ 

8 

Spec, for Asphalt Roofing Sur- 
faced with Coarse Mineral 
Granules (D 249 - 45 T) 

34 

0 

7 

Methods of Sampling Bituminous 
Materials (D 140 -41 T) 

33 

0 

8 

11. Adoption of Tentative as 
Standasd 

Spec, for Asphalt Shingles Sur- 
faced with Coarse Mineral Gran- 
ules (D 225 -44 T), as revised 

33 

1 

7 

III. Revision of Standaeds, 
iMmDiATE Adoption 

Spec, for Wide Selvage Asphalt 
Roofing Surfaced with Coarse 
Mineral Granules (D 371-44). 

34 

0 

7 

Spec, for Asphalt Siding Sur- 
faced with Coarse Mineral 
Granules (D 699 - 44) 

32 

0 

9 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, J. S. Miller. 

Vice-Chairman, E. H. Berger. 

Secretary, H. Clay Howell. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 60 voting members; 41 mem- 
bers returned their ballots, of whom 38 
have voted affirmatively and 0 
negatively. 

Respectfully submitted on behalf of 
the committee, 

Jo S. Miller, 
Chairman. 

Prevost Hubbard, 

Secretary. 



REPORT OF COMMITTEE D-^ 

ON 

ELECTRICAL INSULATING MATERIALS 


Committee D-9 on Electrical In- 
sulating Materials held two meetings 
during the year and will hold a third 
during the Annual Meeting of the So- 
ciety in June. These meetings were 
held in Atlantic City, N. J., on October 
11 and 12, 1945, and on March 7 and 8, 
1946. 

At these meetings actions were taken 
which resulted in several new methods, 
revisions in existing standards, and other 
changes in some of the standards for 
which Committee D-9 is responsible. 
Some projects which are still under way 
are mentioned later in this report. 

Recommendations Accepted by the 
Administrative Committee on 
Standards 

Subsequent to the 1945 Annual Meet- 
ing, Committee D-9 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Tentative Specifi- 
cations for Molds for Test Specimens of 
Molding Materials Used for Electrical 
Insulation (D 647 - 42 T) be revised. 
This recommendation was accepted^ by 
the Standards Committee on December 
8, 1945, and the revised tentative appears 
in the 1945 Supplement to Book of 
A.S.T.M. Standards under the designa- 
tion D 647 -45 T. 

On December 10, 1945, the Standards 

® Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 In submitting these recommendations to the Stand- 
ards Committee, Committee D-9 reported the following 
results of the letter ballot vote of a total of 79 ballots 
returned from a membership of 118: D 647, affirmative 34 
negative 0, ballots marked “not voting” 45; D 700, affirma- 
tive 27, negative 1, ballots marked “not voting” 51. 


Committee accepted^ the joint recom- 
mendation of Committee D-20 on Plas- 
tics and Committee D-9 that the Tenta- 
tive Specifications for Phenolic Molding 
Compounds (D 700 - 43 T) be revised. 

This revised tentative appears in the 
1945 Supplement to Book of A.S.T.M. 
Standards under the designation D 700 - 
45 T. 

RECOMtoNDATIONS AFFECTING 

Standards 

As the result of the year’s work, the 
committee is submitting four new tenta- 
tives, revisions in seven tentatives, revi- 
sion of standard and reversion to tenta- 
tive, adoption of a tentative as standard, 
revisions of three standards for imme- 
diate adoption, and the adoption as 
standard of four tentative revisions of 
standards. One emergency standard was 
recommended for publication as tenta- 
tive at the time of the Annual Meeting. 

These recommendations have been 
submitted to letter ballot of the commit- 
tee, which consists of 118 voting mem- 
bers, with the results shown in Table 
I. 

AcTmTiES OF Subcommittees 

Some of the projects now in progress 
are briefly mentioned in the following 
summary of committee activities: 

Subcommittee I on Insulating Var- 
nishes, Paints, and Lacquers (H, J. L. 
Cotton, chairman).— The subcommittee 
submitted a revision of Standard Meth- 
ods of Testing Varnishes Used in Electri- 
cal Insulation (D 115 - 41), which is 
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TABLE I.— ANALYSIS OF LETTER BALLOT VOTE. 


Items 


1. New Tentatives 
Methods of Testing Nonrigid 

Polyvinyl Tubing 

Method of Test for Dielectric 
Strength of Insulating Oil of 

Petroleum Origin ■ 

Method of Test for Inorganic 
Chlorides and Sulfates in Insu- 
lating Oils 

Spec, for Communication and 
Signal Pin-Type Lime-Glass 
Insulators 


II. Revisions oe Tentatives 
Methods of Testing Molded Ma- 
terials Used for Electrical 

Insulation (D 48 - 45 T) 

Methods of Test for Power 
Factor and Dielectric Con- 
stant of Electrical Insulating 

Materials (D 150 - 45 T) 

Methods of Sampling and Test- 
ing Untreated Paper Used in 
Electrical Insulation (D 202 - 

45 T) 

Methods of Testing Varnished 
Cloths and Varnished Cloth 
Tapes Used in Electrical 
Insulation (D 295 - 44 T) . . . . 
Test for Power Factor and Di- 
electric Constant of Natural 

Mica(D 351 - 42 T) 

Method for Conditioning Plas- 
tics and Electrical Insulating 
Materials for Testing (D 618 - 

45 T) 

Specifications for Laminated 
Thermosetting Materials 

(D 709 -44T) 

Specifications for Low and Medi- 
um Voltage Pin-Type Lime- 
Glass Insulators (D 730 - 
43 T) 


III. Revisions of Standards, 
Immediate ^Mioption 
Methods of Test for Insulation 
Resistance of Electrical Insu- 
lating Materials {D 257 - 45). , 
Methods of Testing Pin-Type 
Lime-Glass Insulators (D 468 - 

42) 

Test for Acetone Extraction of 
Phenolic Molded or Laminated 
Products (D 494 - 41) 


Reversion to Tentative 
Methods of Testing Varnishes 
Used in Electrical Insulation 
(D 115 -41) 


, Standard 

Methods of Test for Power Fac- 
tor and Dielectric Constant 
;Of Natural Mica (D 351 - 42 T; 

VI. Adoption as Standard oi 
. Tentative Revisions of 
Standards 

Methods of Testing, Sheet and 
Plate Materials Used in Elec- 
trical Insulation (D 229 - 43) . 

Methods of Testing Tubes Used 


■' 42)..............,' 

Methods of Testing Laminated 


Insulation (D 349 - 42) . . . . . . . 

Methods of Test for Grading anc 
Classification of Natural Mica 
m N.'ji - .181 


Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

17 

0 

41 

38 

0 

40 

33 

0 

45 

23 

0 

62 

39 

0 

39 

49 

1 

28 

19 

0 

39 

24 

1 

33 

36 

0 

49 

47 

1 

30 

32 

0 

46 

13 

1 

47 

53 

0 

25 

12 

1 

48 

34 

0 

51 

22 

0 

36 

) 16 

0 

42 

31 

0 

30 

. 24 

1 

36 

24 

1 

36 

, 12 

0 

46 


appended hereto.^ Section B which 
handled the revision will continue its 
work since there are additional editorial 
changes that were suggested by members 
at the time of voting. As a result of 
the revised standard and subsequent 
discussion, there is being formed a new 
Section G on Heat Endurance Tests* 
The former portion of the methods 
known as ^'heat endurance test’^ has 
been renamed “resistance to embrittle- 
ment by heat.” 

Work is being continued in Section C 
on the problem of tests for deep-drying 
varnishes. A number of laboratories 
are now cooperating in the round-robin 
test under definite laboratory procedure. 

There has been established by Sec- 
tion D on Resistance to Acid and Alkali 
and Sea Water that the smoothness of 
the brass rod used in the test required 
by the Navy Department specifications 
was not a factor of influence in the test 
procedure. A rod roughened by steel 
wool gave as good results as a rod pol- 
ished under the most careful conditions. 

Section F is continuing the work of 
testing various cup designs in the de- 
termination of set time of thermosetting 
varnishes. 

Subcommittee III on Plates^ Tubes, 
Rods, and Molded Materials (G. H. 
Mains, chairman). — ^With the retirement 
of W. A. Evans from active work with 
the committee after many years of 
guidance in Subcommittee II and sev- 
eral years as chairman, the Advisory 
Committee has combined the work 
of the two subcommittees under a joint 
committee known as Subcoirimittee III 
on Sheets, Rods, Tubes, and Molded 
Materials. The members will greatly 
miss the wise counsel and energetic 
leadership of Mr. Evans. 

During the past year the subcommittee 
prepared the new Tentative Method of 
Test for Nonrigid Polyvinyl Tubing.^ 

* This revised metliod was accepted by the Society and 
appears in the 1946 Book of A.S.T.M. Standards, Part 
III-B. ■ ' „4, 

« These methods were accepted as tentative by the 
Society and appear in the 1946 Book of A.S.T.M. Stand- 
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A revision of the Tentative Methods 
of Testing Molded Materials Used for 
Electrical Insulation (D 48 “■ 45 T) has 
been completed which covers the addi- 
tion of several paragraphs on the utility 
of the tests described in these methods. 

The tentative revisions of Standard 
Methods D 229 - 43 with reference to 
the tests for tensilCj compressive, and 
dielectric strengths have been recom- 
mended for adoption as standard; also 
the tentative revisions of Standards 
D 348 - 42 and D 349 ~ 42 which con- 
cern dielectric strength parallel to la- 
minations. 

An editorial change was made last 
year in Methods D 229 involving a 
modification of Section 3 to bring the 
requirements for conditioning into accord 
with Methods D 618 as revised last 
year. This revision was approved by 
letter ballot of Committee r)-9 which 
consists of 118 members; 61 members 
returned their ballots, of whom 30 voted 
affirmatively, 0 negatively, and 30 mem- 
bers marked their ballots ^ffiot voting.’’ 

Some data have been presented on the 
effect of specimen size and conditioning 
procedures on measurment of insulation 
resistance and on the effect of high and 
low temperatures on power factor of 
sheet insulating materials. This work 
is being continued. A revision of the 
Rockwell hardness method to make it 
applicable to the complete range of plas- 
tics is being studied in cooperation with 
Subcommittee II of Committee D-20 on 
Plastics. A further study of the method 
of tension test for rods and tubes is 
being conducted in cooperation with 
Subcommittee XIII and Committee 
D-20 ; also, a new method of testing bond- 
ing strength of laminated materials and 
vulcanized fibre. Active work is under 
way on the preparation of specifications 
for nonrigid polyvinyl tubing, making 
use of the test methods just adopted. 


Electrical properties of the various ther- 
moplastic molded materials and sheets 
are being investigated with a view of 
establishing specifications for certain 
electrical grades of these materials in 
cooperation with Committee D-20. 

In accordance with the recommenda- 
tion of the special joint Committee 
on Jurisdiction of Vulcanized' Fibre, 
composed of representatives of Com- 
mittee D-6 on Paper and Paper Prod- 
ucts and Committee D-9, close cooper- 
ation will be maintained between this 
subcommittee and Committee D-6 in 
order to avoid any duplication of work. 

SubcommiUee IV on Liquid Insulation 
(E. A. Snyder, chairman).— -Correlation 
tests to determine the relation of the 
sludge test values determined as de- 
scribed in tentative Method D 670 ~ 
42 T with actual service life of insulating 
oil in transformers are being continued 
by approximately 20 cooperating labora- 
tories. Nine of a bank of twelve trans- 
formers are being operated by a 
cooperating utility company under 
carefully controlled and supervised condi- 
tions. Three of these twelve trans- 
formers have not yet been put into oper- 
ation. Two other utility companies 
are operating three transformers each 
under controlled conditions. A com- 
plete record of the operation of the trans- 
formers is being kept and samples of 
oil being drawn from the units every 
six months for examination and sludge 
tests. It is hoped that as a result of 
this work the subcommittee will be able 
to determine whether Tentative Meth- 
ods D 670, for determining the sludging 
characteristics of oil, will actually differ- 
entiate between good and bad oils and 
correlate with actual service life ob- 
tained with these oils in transforme'rs. 

To date, the oils have not been in 
service long enough so that their service 
life quality can be established. The 
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transformers have been in operation for 
only about one year. There are indica- 
tions in ' the transformers operated by 
one utility company that the first-, sec- 
ond-, and third-grade oils as originally 
graded by the sludge test are showing 
pronounced differences in- the rate of 
deterioration. Test data on these oils 
from the cooperating laboratories, how- 
ever, show a wide variation not only on 
sludge tests but even on the simplest 
tests such as color and acid. 

This work will, of course, continue 
and as indicated in the 1945 report/ 
it is anticipated that it will require ap- 
proximately five years of operation in 
order to obtain sufficient data on which 
to base conclusions. 

The reorganization of methods of test 
for insulating oils, referred to in the 1945 
report, is proceeding as rapidly as pos- 
sible and satisfactory progress is being 
made. A proposed tentative revision 
of Standard Methods D 117 is ready to 
be presented for letter ballot of Sub- 
committee IV, These methods refer 
to the individual test methods appli- 
cable to insulating oils and cite the A.S. 
T.M. serial designation number apply- 
ing to each individual method. It then 
gives statements on definition of the 
method and significance of the tests. 

Separate A.S.T.M. methods on the 
dielectric strength test and method for 
determining presence of inorganic salts 
(chlorides and sulfates) have been sub- 
mitted to Committee D-9 for approval 
as new tentative methods.^ A complete 
new individual method on sampling of 
insulating oils has been prepared and 
submitted to Subcommittee IV for letter 
ballot approval as a new tentative 
method. Individual test methods for 
power factor of insulating oils and for 
sulfur corrosion test are in the process 

^ ^Proceedings, Am. Soc .Testing Mats., Vol. 45, p. 275 


of preparation and will soon be ready for 
Subcommittee IV letter ballot. 

The section that is working on the 
development of a method of test to 
determine minute traces of water or 
moisture in insulating oils has been con- 
ducting a series of round-robin tests 
during the past year. Most of the work 
was devoted to studying the Karl Fischer 
method and the Doble method. Fur- 
ther work will have to be done before 
Subcommittee IV is ready to recommend 
a proposed tentative method of test. 

The Doble method is described in a 
paper Water Determination in New and 
Used Insulating Oils by Doble Method,’^® 
being presented at this Annual Meeting 
of the Society. The Karl Fischer 
method has been adequately described 
in the literature and the following com- 
ments concerning these references will 
be of interest. The nature of the Karl 
Fischer reagent, including preparation, 
standardization, and chemical reaction 
taking place, is well explained by 
Fischer‘S and by Smith, Bryant, and 
Mitchell^ In light-colored solutions, 
little difficulty is encountered in the 
colorimetric use of this reagent. How- 
ever, in order to include highly colored 
solutions Almy, Griffin, and Wilcox,® 
and Aepli and McCarter,® have de- 
veloped and adequately described the 
electrometric method using the Karl 
Fischer reagent. It is important to 
note, as explained by the above authors, 
that precautions must be taken to ex- 
clude atmospheric moisture during sam- 
pling and moisture determinations. 

During the year it was determined that 
the present method for determining 
corrosive sulfur in insulating oils is not 
severe enough to eliminate marginal oils 
which contain traces of free sulfur that 


® Seep. 1475. 

* Ansewandte Chetnie, Vol. 48, pp. 394“396 (1935). 
"^Journal Am. Chemical Soc., Voi. 61, p. 2407 (1939) 

* Industrial and Engimering Chemistry, Anal. Ed.. 
Vol. 12, p. 392 (1940). 

* Industrial and Engineering Chemistry, Anal. Ed.. Vol. 
17, p. 316 (1945). 
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could be harmful to electrical apparatus. 
A new method which seems to be severe 
enough to eliminate all questionable oils 
has been developed and will be submitted 
to Subcommittee IV for letter ballot 
as a new proposed tentative method of 
test. 

A new section has been organized to 
consider the matter of preparing speci- 
fications for insulating oils. This sec- 
tion has decided to develop a recom- 
mended practice to govern the purchase 
of insulating oils. The development of 
a recommended practice procedure in- 
volves the following steps: 

L The preparation of a screening specification 
to be used for selecting a limited number of oils 
which might be suitable for the required service. 

2. The establishment of a recommended prac- 
tice procedure to be followed by the purchaser 
of insulating oils which would embrace the fol- 
lowing; 

(a) Procurement of proposed oils meeting 
the screening specification mentioned in 
item i, with copy of vendor’s guaranteed 
characteristics of these oils. 

(b) Purchaser’s laboratory examination of 
these samples to determine which might meet 
his requirements. 

(c) Purchaser’s performance tests on trial 
orders' of those samples selected according to 
item (&), to find out which of those will actu- 
ally prove satisfactory in service. 

(d) On the basis of item (c) purchaser to 
prepare a list of approved suppliers with ap- 
propriate identification of the approved prod- 
ucts by brand name, code number, or other- 
wise. 

During the past few years methods of 
test to determine interfacial tension of 
insulating oils have been receiving con- 
siderable attention by industry. In 
view of the growing interest in this 
method of testy Subcommittee IV has 
established a new section to study the 
method and to develop a satisfactory 
procedure for its operation. This sec- 
tion will also endeavor to study the value 
of the test when used in determining the 
quality of insulating oils. 

Subcommittee F on Ceramic Products 


(K. G. Coutlee, chairman).— Revisions 
in the Standard Methods of Testing 
Pin-Type, Lime-Glass Insulators (D 468 
-42), Tentative Specifications for Low 
and Medium Voltage Pin-Type, Lime- 
Glass Insulators (D 730 - 43 T) are rec- 
ommended. The publication of Emer- 
gency Specifications for Communication 
and Signal Pin-Type, ■ Lime- Glass In- 
sulators (ES-41) with minor revisions, as 
a tentative specification is recommended. 

The study of the factors involved in 
the determination of loss factor of 
steatite after immersion in water has 
reached a point where preliminary rec- 
ommendation can be made which should 
reduce the variations now encountered 
when using the test procedure specified 
in Joint Army and Navy Specification 
JAN I~10. These recommendations 
have been forwarded to the Signal Corps 
for their consideration. 

The sections of Subcommittee V have 
been reorganized and recently developed 
ceramic products have been added o 
the wide variety of ceramic products 
under the jurisdiction of Subcommittee 
V. Committee D-9 is being canvassed 
for members for the newly organized 
sections. 

Work on the development of test 
methods for glass bonded mica is being 
started. 

Suhconmittee VI on Solid Filling and 
Treating Compounds (R. H. Titley, 
chairman). — The Section on Oil Solu- 
bility of Solid Filling and Treating Com- 
pounds has prepared and circulated to 
the members of Subcommittee VI a 
report on the work done. 

A questionnaire, for the purpose of 
obtaining information relative to the 
writing of specifications for solid filling 
compounds and the revision of Standard 
Methods D 176, has been circulated to 
the members of Subcommittee VI and 
other interested consumers and manufac- 
turers during the past year. 
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Statements on significance of tests 
have been prepared and approved by 
Subcommittee VI and copies have been 
for\¥arded to Subcommittee XI for ap- 
proval. 

Subcommittee VII on Insulating Fab- 
rics (R. W. Chadbourn, chairman). — 
Progress has been made during the past 
year in the investigation of the slow-rate- 
of-rise dielectric strength test intended 
to replace the present step-by-step test 
for varnished cloth. Considerable test 
data have been accumulated, and the 
proposed method has met with favor 
in a number of laboratories. Simple 
modification of the present motor-driven 
voltage control has been evolved to in- 
clude this test. 

Data are being accximulated slowly 
on dielectric breakdowns on tapes sub- 
jected to 12 per cent elongation. 

Statements on significance of tests 
are under consideration for treated 
sleeving. The statements developed for 
varnished cloth have been submitted 
to Subcommittee XI for comments. 

The Section on Glass Fabrics has 
decided to divorce the test methods for 
glass fabrics from Tentative Methods 
D 295 and incorporate them in separate 
Tentative Methods of Testing Var- 
nished Glass Fabrics and Varnished 
Glass Fabric Tapes. This move was 
necessitated by the difference in treat- 
ment of the two classes of material, due 
chiefly to different temperature limita- 
tions. Revised test methods have been 
written for conditioning, thickness, 
breaking strength, dielectric strength, 
power factor and dielectric constant, 
insulation resistance, and resistance to 
oil. Other tests will be studied and 
added when approved. 

The newly-formed section on Elec- 
trical Adhesive Tapes has been very ac- 
tive during the year. Extensive in- 
vestigations are being made of a number 


of pertinent properties, including thick- 
ness, adhesivity, effect of heat and mois- 
ture, tear resistance, tensile strength, 
fungus resistance, metal corrosion, elec- 
trolytic corrosion, and effect of varnishes, 
solvents, and oils. 

SuhcommiUee YIII on Insulating Pa- 
per (C. T. Hatcher, chairman). — ^During 
the past year the members of the sub- 
committee have continued the work in 
conjunction with the members of Com- 
mittee D-6 on Paper 'and Paper Prod- 
ucts in the development of test pro- 
cedures for determining pH values of 
insulating papers that will be satisfactory 
to both groups. With the exception of a 
few details the procedure has been agreed 
upon and it is expected that approval 
of the test will be obtained during the 
coming year.^® Consideration is also 
being given to the question of obtaining 
a water extract conductivity test. 

The Section on Physical Tests has 
been continuing its work on revising the 
test methods now appearing in Tentative 
Methods D 202 so as to have them in 
agreement with the same procedures of 
Committee D-6. In accordance with 
this procedure, either revised Tentative 
Methods D 202 or the methods of com- 
mittee D-6 were adopted for the pro- 
cedures covering sampling method, 
weight determination method, apparent 
density method, and rate of impregna- 
tion method. Work is also in progress 
on a new air resistance method. 

The Section on Mechanical Strength 
is continuing its work with Committee 
D-6 on the revision of the tensile strength 
method. 

SuhcommiUee IX on Mica Products 
(E. 0. Hausmann, chairman). — The 
work on developing color photo trans- 
parencies of raw mica is being continued 
with the hope that satisfactory and 
acceptable standards may be developed. 

Specifications for bonded mica are 

See Editorial Note, p. 400. 
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under consideration. Some progress is 
being made on significance of tests. 

An editorial change was made last 
year in Standard Methods of Testing 
Pasted Mica Used in Electrical Insula- 
tion (D 352 - 39) in which the test em- 
perature was changed from "'^230 d= 

5 C. (446 ± 9 F.)’’ to read “160 ± 5 C. 
(320 di:9F.).^V The former test tem- 
perature was considered far too high 
for this material. This editorial revision 
was approved by letter ballot of Com- 
mittee D-9 which consists of 118 mem- 
bers; 61 members returned their ballots, 
of whom 19 voted affirmatively, 0 nega- 
tively, and 42 members marked their 
ballots “not voting.’’ 

A very comprehensive round-robin 
and “Q” test on block mica has been 
completed. Seven laboratories par- 
ticipated. The purpose was three-fold: 
(i) to determine the degree of agreement 
between various laboratories using the 
rapid method, (2) to check the “Q” 
calibration of the meter used in the rapid 
test method, and (3) to determine if 
circular lead foil electrodes 2 in. in 
diameter, affixed with petrolatum were 
satisfactory for measuring the “Q” 
and dielectric constant of block mica 
approximately 0.020 in. in thickness at 
1 megacycle. 

Results of the round-robin test show: 
(i) good agreement between laboratories 
using either the rapid “Q” method or 
suitable bridges, {2) good agreement in 
calibration of the various “Q” instru- 
ments, and (3) satisfactory results in 
power factor “Q,” and dielectric constant 
with use of 2-in. lead-foil electrodes. 

On the basis of this round-robin test 
a paper entitled “Electrical Quality 
Classification of Raw Mica by a Rapid, 
Direct-Reading Method”^^ has been 
prepared by K. G. Coutlee, chairman of 
Section 3 of this subcommittee. 

SuhcommiUee X on Conditioning (R. 

n Seep. I486. 


Burns, chairman) . — ^Principal activity 
during the past year consisted of further 
revision of the Tentative Method ' for 
Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 
45 T) to add a functional procedure B. 
This procedure requires that where the 
specific effects of exposure to severe 
atmospheric moisture are to be deter- 
mined the specimens shall be subjected 
to 90 per cent relative humidity at 35 
C. for four days. 

SnhcommiUee XI on Significance of 
Tests (J. H. ildams, chairman). — Con- 
siderable attention was given to formu- 
lating a statement as to what shall com- 
monly be the proper content for 
statements on significance of tests. 
Discussion w^as crystallized into tentative 
proposals which are under consideration. 
A revised statement as to the significance 
of resistivity tests was prepared and 
approved by letter ballots Revision of 
statements as to the significance of di- 
electric strength and dielectric constant 
and power factor tests was initiated. 
Statements prepared by other subcom- 
mittees as to the utility of tests used, to 
the inspection of materials under their 
jurisdiction, were reviewed for any help- 
ful advice which might be offered. 

Subcommittee XII on Electrical Tests 
(Gordon Thompson, chairman).— 
Although there has been considerable 
activity during the year, the results 
shown by standard test methods are 
confined to revisions in Tentative Meth- 
ods of Tests for Powder Factor and Dielec- 
tric Constant (D ISO - 45 T) where a 
section has been added for the resonance 
rise method (familiarly known as the 
“Q-Meter” method), and in Standard 
Methods of Test for Insulation Re- 
sistance of Electrical Insulating Materials 
(D 257 - 45) where recognition has been 
given to the procedures called for by 
joint Army-Navy specifications. There 
has been some activity in the measure- 
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ment of dielectric properties of materials 
at television and radar frequencies, and 
in 'tests for arc resistance. 

StibcmnniiUee XIII on Mechanical 
Tests (C. R. Stock, chairman). — Sub- 
committee XIII was assigned a new scope 
at the June, 1945, meeting in New York, 
N. Y., to read as follows: 

Prepare, where this work does not fall in the 
province of other standing committees, provide 
or advise concerning those methods of test for 
mechanical and thermal properties which are 
applicable to electrical insulating materials, such 
as elasticity, tensile strength, viscosity, thermal 
conductivity, etc., required by any of the other 
subcommittees; also coordinate and bring into 
uniformity so far as possible the various me- 
chanical and thermal test methods for which 
Committee D-9 is responsible. 

Five sections have been appointed to 
investigate and correlate the following 
types of tests: 

1. Compression, 

2. Dynamic (for example, impact), 

3. Tension, 

4. Flexure, and 

5. Hardness. 

Work has started on the first four of these 
tests along the same general lines; 
namety, the basic requirements for such 
test methods have been ascertained, 
some by means of questionnaires, and 
the deviations in detail of existing 


methods have been collected and tabu- 
lated. Further work will involve the 
establishment of reference requirements 
which will make for uniformity among 
test methods dealing with like properties. 

The section on hardness is awaiting 
further developments in Committee D-20 
on this subject. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, R. W. Orr. . 

Vice-Chairman, Gordon Thompison. 

Secretary, W. A. Zinzow. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 118 voting members; 70 
members returned their ballots, of whom 
63 have voted affirmatively and 0 
negativelyn 

Respectfully submitted on behalf 
of the committee, 

Myron Park Davis, 
Chairman, 
W. A. Evans, 
Vice-Chairman . 

W. A. Zinzow, 

Secretary. 


Editorial Note 

Subsequent to the Annual Meeting, Committee D-9 presented to the So- 
ciety through the iVdministrative Committee on Standards the following 
recommendations : 

New Tentative Methods of: 

Testing Electrical Insulating Oils (D 117 - 46 T) , and 
Testing Askareis (D 901 - 46 T) . 

Revision of Tentative Methods of: 

Sampling and Testing Untreated Paper Used in Electrical Insulation (D 202 - 46 T), and 
Testing Vulcanized Fibre Used for Electrical Insulation (D 619 -46 T). 

These recommendations were accepted by the Standards Commit- 
tee on November 23, 1916, and appear in the 1946 Book of A.S.T.M. 
Standards, Part III-B, under the designations indicated above. 

On December 31, 1946, the Standards Committee accepted the 
recommendation of Committee D-9 that the proposed Methods of 
Testing Varnished Glass Fabrics and Varnished Glass Fabric Tapes 
be published as tentative. The new tentative methods have been 
assigned the designation D 902 - 46 T, and appear in the 1946 Book 
of A.S.T.M, StandardSs Part III-B. 
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RECOMMENDATIONS AFFECTING STANDARDS FOR 
ELECTRICAL INSULATING MATERIALS 


In this Appendix' are given recommen- 
dations affecting certain standards and 
tentatives covering electrical insulating 
materials which are referred to earlier 
in this reportd The standards and ten- 
tatives appear in their present form 
either in the 1944 Book of A.S.T.M. 
Standards, Part III, or the 1945 Supple- 
ment, Part III, as indicated by the final 
number in the A.S.T.M. designation. 

New Tentatives 

Tentative Methods of Test for Nonrigid 
Polyvinyl Tubing: 

These methods are intended for test 
procedures to be used in evaluating non- 
rigid polyvinyl tubing or its copolymers 
with vinyl acetate for specification pur- 
poses. Most of the test methods de- 
scribed in this tentative have been 
developed for this purpose. Specifica- 
tions covering these materials and using 
these methods are now being prepared. 
It is recommended that these methods, 
appended hereto,^ be accepted for publi- 
cation as tentative. 

Tentative Method of Test for Dielectric 
Strength of Insulating Oil of Pe- 
troleum Origin: 

This method of test describes proce- 
dures to be used in measuring the dielec- 
tric strength of insulating oils. It is the 
first of a series of test methods to be 
written up as separate tentatives which 
were formerly covered by the Standard 

1 See p. 393. 

2 These methods and specifications were accepted as 
tentative by the Society and appear in the 1946 Book of 
A.S.T.M. Standards, Part III-B 


Methods of Testing Electrical Insulating 
Oils (D 117-43). It is expected that 
when this series of tentatives are com- 
pleted they will be referred to in Methods 
D 117 by title and designation only. 
This revision of methods D 117 has been 
under consideration for some time. It 
is recommended that this method, ap- 
pended hereto,^ be accepted for publica- 
tion as tentative. 

Tentative Method of Test for Inorganic 
Chlorides and Sulfates in Insulating 
Oils: 

This is the second of the series of revi- 
sions of methods D 117 to be written up 
as a separate tentative. It describes in 
general the test procedure for inorganic 
salts covered b}^ the test as now published 
in Methods D 117. A few minor changes 
to make the method more accurate have 
been incorporated. It is recommended 
that this method, appended hereto,- be 
accepted for publication as tentative. 

Tentative Specifiations for Communica- 
tion and Signal Pin-Type Lime-Glass 
Insulators: 

These specifications were the former 
Emergency Specifications for Communi- 
cation and Signal Pin-Type Lime-Glass 
Insulators (ES-41), covering pin-type 
lime-glass insulators for use in support- 
ing conductors on open-wire communica- 
tion and signal lines. It is recom- 
mended that these specifications, with 
minor revisions, be accepted, for publica- 
tion as tentative.- 
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Revisions of Tentatives 

Tentative Methods of Testing Molded 
Materials Used for Electrical Instila- 
tion (D 48 - 45 T) : 

This revision consists of the addition 
to these methods of an appendix giving 
brief descriptions of the utility of the test 
methods referred to, together with a 
reference section referring to these state- 
ments, which is to be inserted as Section 
2 directly following the scope para- 
graph. The statements are intended to 
give a convenient indication of the utility 
of the information which may be gained 
by the performance of the tests. This 
revision, appended hereto,^ does not 
involve any change in the manner in 
which the tests are conducted. 

Tentative Methods of Test for Power 
Factor and Dielectric Constant of Elec- 
trical Materials (D 150-45 T): 

This revision involves the addition of 
another method used for measuring 
power factors and dielectric constants of 
dielectrics. The method is commonly 
used and identified as the “Resonant 
Circuit, Resonance Rise Method.’’ 

Section 2 (d). — ^Add the following note 
to this section: 

Note. — The storage factor or quality factor, 
Qj is the reciprocal of the dissipation factor, D. 

New Section.— Add a new Section 29 
to read as follows, renumbering the sub- 
sequent section accordingly: 

29. Resonant Circuit, Resonayice Rise Method. 
— {a) This method has been found suitable for 
frequencies from 50 kilocycles per second up to 
10 Eiegacycles per second. The method makes 
use of the fact that when a known radio-fre- 
quency voltage is introduced into a resonant 
circuit the ratio of this voltage to the voltage 
appearing across either the inductor or the 
capacitor of the resonant circuit is approximately 
the dissipation factor of the circuit. While this 
voltage can be introduced into the circuit by 

a These revised methods and specifications were ac- 
cepted by the Society and appear in the 1946 Book of 
A.S.T.M. Standards, Part III-B. 


inductive, capacitive, or resistive coupling, its 
magnitude is more easily measured for resistive 
coupling, as shown in Fig. 15 (accompanying 

Fig. 1). 


L 


OscillaioF-^ 


Fig. L — Resonant Circuit, Resonance Rise 
Method. 

A radio-frequency oscillator furnishes to 
resistor R a constant current which is measured 
by radio-frequency ammeter This resistor 
shall be designed to have a very small reactance 
so that its impedance will differ from its resist- 
ance, at the highest operating frequency, by a 
negligible amount.® 


® A commonly used value of resistance is 0.04 ohm for 
which the inductance can be reduced to a value of 0.07 
mjxh. The ratio of impedance to resistance at 10 mega- 
cycles is then 1.006. 

The resonant circuit is composed of fixed 
inductor L and variable air capacitor C. From 
the vacuum tube voltmeter V is read the voltage 
developed across capacitor C. The dissipation 
factor of the entire circuit is the ratio of the 
voltage drop across resistor R due to current I 
from the oscillator, to the voltage E developed 
across capacitor C, 

IR 

Di = tan 5 = — (24) 

E 

{h) When all components required for this 
measurement (oscillator, ammeter A, resistor 
R, and vacuum-tube voltmeter F) are assembled 
in a single unit, the vacuum-tube voltmeter, F, 
can be calibrated directly in terms of dissipation 
factor by choosing a standard oscillator cur- 
rent 1 and always adjusting the current as 
indicated by ammeter A to this value. 


^ The voltmeter is frequently calibrated in tenns of 
storage factor Q, which is the reciprocal of Z>, which pro- 
vides an approximately uniform scale. 

{c) The vacuum-tube voltmeter, oscillator, 
and tuning capacitor shall in general conform 
to the requirements prescribed in Section 28 

{d), («), and (/). 

(d) The specimen capacitor, with electrodes 
affixed, shall be connected by short low-resist- 
ance leads to the terminals of capacitor C. A 
suitable inductor L shall be selected which will 
permit resonance at the chosen frequency. The 
capacitance of capacitor C and the reading of 
the vacuum-tube voltmeter V at resonance shall 
be designated C 2 and A, respectively. 
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The contact to the ungrounded electrode of 
the test specimen shall be broken by raising the 
connecting wire a small amount (about i in. 
if the wire is bare and of small diameter) . Reso- 
nance shall be reestablished by adjusting capac- 
itor C, and the new readings of capacitor and 
voltmeter, Ci and Dj, shall be noted. 

Then : 


D = tan 5 = 


(Da - Di)Ci 

Cl — C2 


(25) 


Cp = Cl - C, (26) 


where: 

Cp =* capacitance of the specimen, in micro- 
microfarads, 

Cl “ capacitance of the standard air capacitor 
with the specimen out of circuit, in 
micro-microfarads, 

Co = capacitance of the standard air capacitor 
with the specimen in circuit, in micro- 
microfarads, 


Di = dissipation factor indicated by voltmeter 
with specimen disconnected, and 
Da = dissipation factor indicated by voltmeter 
with specimen connected in parallel 
with standard capacitor. 

Note. — W hen the voltmeter is calibrated in 
terms of storage factor, Q, Eq. 25 becomes: 


I _ V ^ 

e Q1Q2 


where: 

Qi = storage factor indicated by voltmeter with 
sample disconnected, and 
Q 2 = storage factor indicated by voltmeter with 
sample connected in parallel with stand- 
ard capacitor. 

Since this expression for dissipation factor 
of the specimen depends on the difference be- 
tween two observations of dissipation factor, 
(D2 — Di), the inductor L should be so chosen 
as to have as small a dissipation factor as pos- 
sible. It should be possible to obtain inductors 
with dissipation factors not larger than 0.003 
(storage factors not smaller than 330) in the 
frequency range for which this method is recom- 
mended. 

Figures 15 and -—Renumber as Figs. 16 
and 17 respectively. 

Tentative Methods of Sampling and 
Testing Untreated Paper Used in Elec- 
trical Insulation (D 202 - 45 T) : 

This revision concerns the methods of 


sampling used in this procedure, A 
complete new statement of the method 
of sampling is presented more specifically 
on several points. It is the result of 
several years of experience with the pres- 
ent method of sampling. 

Section 2 , — Replace this section on 
sampling by the following: 

2. Sampling, — (a) For batches consistiug of 
rolls 15 in. or more in width, a sample at least 
5 sq. ft. in area cut across the entire width of the 
roll shall be taken from every tenth roll of the 
batch, chosen in such a manner as to well repre- 
resent the entire batch. In case the paper is 
available in roils less than 15 in. in width, the 
length of the sample to be taken may be such 
that the area is less than 5 sq. ft. but shall be 
at least 4 ft. in length. 

Where paper is in ribbon or pad form and in 
dowels; that is, a number of pads assembled on a 
dowel stick in the same order as slit from the 
parent roll, the sample should consist of speci- 
mens taken from the pads so that the entire 
width of the parent roll is represented. A 
minimum number of pads shall be sampled, the 
total width of w^hich shall be equal to at least 
ten per cent of the width of each dowel. A 
minimum number of 4 pads from each dowel 
shall be sampled. 

For batches in sheet form, sample sheets 
totaling at least 5 sq. ft. in area shall be taken 
from each tenth bundle or package chosen in 
such a manner as to well represent the entire 
batch. 

In the case of either type of package no less 
than 5, nor more than 20 units shall be sampled, 
taken as folio w^s: 

Total Units No. of Units 

in Shipment Selected 

Less than 100 5 

100 to 399 5 per cent 

400 and over 20 

Note. — It is recommended that in the case 
of paper in roll form, several turns be discarded 
before the samples are taken. 

(5) The tests for physical properties shall be 
made on each sample insofar as the specimens 
are of sufficient width. If the samples are to 
be used for the determination of moisture in the 
batch, extreme care shall be taken to avoid 
change in moisture content in the samples be- 
fore they are weighed as is provided for in the 
moisture method (Section 4). 
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Teatati¥e Methods of Testing Tarnished 
' Cloths and Tarnished Cloth Tapes 

Used In Electrical Insulation (D 

295-~44T): 

These revisions involve the condition- 
ing treatment required for this material 
prior to testing. The principal changes 
are those of conditioning at 50 per cent 
relative humidity instead of 60 to 65 per 
cent relative humidity, and making it 
possible to test the material in the as- 
received condition. 

Section 4. —Replace this section on con- 
ditioning by the following: 

4. Conditioning. — {a) If it is desired to test 
the material in the condition as received by the 
purchaser, the test samples shall not be specially 
conditioned, but the packages containing the 
rolls of cloth or tape from which the samples are 
to be taken shall be allowed to reach approxi- 
mately test room temperature before the 
packages are opened and the samples cut. 
Specimens to be tested shall be removed from 
the roll as required and tested immediately, 
unless otherwise specified. 

(6) Where it is desired to test in a controlled 
atmosphere, the test specimens shall be condi- 
tioned for 48 hr. in air maintained at a tempera- 
ture between 20 to 30 C. (68 to 86 F.) and at a 
relative humidity of 50 rfc 2 per cent. 

(c) If a conditioning cabinet or chamber is 
used, test specimens shall be subjected to test 
immediately upon withdrawal from the cabinet 
or chamber, unless otherwise specified. 

Section 40 , — Replace this section on 
conditioning by the following: 

40. Conditioning . — The test specimens shall 
be conditioned by one of the following two 
methods: 

{a) When the greatest duplicability of re- 
sults is desired, the test specimens in one thick- 
ness shall be heated to 105 ± 3 C. for 1 hr. 
without vacuum and then for 2 hr. at 106 db 3 C. 
in a vacuum having an absolute pressure not 
exceeding 1 mm. of mercury. 

(6) Where the vacuum treatment is not 
feasible or where tests in the as-received condi- 
tion are desired, or where an approximation 
to some conditions of use is desired, the test 
specimens shall be conditioned in accordance 
with Section 4. 

(c) In the case of dispute the vacuum treat- 
ment shall be considered the referee method. 


Tentative ■ Method for Conditioniiig 
Plastics and Electrical Insnlating 
Materials for Testing (D 618 -45 T),: 

■ This revision involves a change in 
tolerance for test temperatures of -• 25 C. 
or below and the addition of a second 
functional procedure with clarifying ex- 
planations to serve as a guide to the 
choice of procedures to be used. The 
revised method is appended hereto.^ 

Tentative Specifications for Laminated 
Thermosetting Materials (D 709 - 
44 T) : 

These revisions cover certain changes 
in property values, and the addition of 
several new tables of dimensional toler- 
ances on large round tubing and on rec- 
tangular tubing. These changes have 
been approved by the National Electrical 
Manufacturers Association, and A.S.T.M. 
Committee D-20 on Plastics. The re- 
vised specifications are appended hereto.^ 

'Tentative Specifications for Low and 
MediumToltage Pin-Type, Lime-Glass 
Insulators (D 730 - 43 T) : 

The present Tentative Specifications 
D 730 include many methods used in 
testing. This revision involves the dele- 
tion of these test methods from the speci- 
fication and substitution for them of 
references to the same methods of test 
which are covered in the revised Stand- 
ard Methods of Testing Pin-Type, Lime- 
Glass Insulators (D 468 - 46) which are 
discussed later in this report. It is a 
clarifying revision designed to make 
D 730 a specification and not a method 
of test and specification combined. 

Sections 12 to 20 . — Replace the meth- 
ods of test in these sections by the fol- 
lowing new Sections 12 to 15: 

12. Gaging , — A gage of the design and dimen- 
sions shown in Fig. 1 of the Standard Methods 
of Testing Pin-Type Lime-Glass Insulators 
(A.S.T.M. Designation: D 468) shall be screwed 
tightly into the insulator pin cavity and the dome 
clearance (distance between line “A” of the 
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gage drawing and the crown of the pin cavity) 
shall be measured. There shall be no percep- 
tible play or rocking of the insulator w'hen 
seated on the gage. The gage shall then be 
removed from the insulator, counting the num- 
ber of turns to disengage. All insulators which 
have been gaged shall be discarded. 

13. Thermal Shock Test, — The specimen 
insulators shall be subjected to the stipulated 
thermal shock test (manual method or machine 
method) as described in Section 5 of A.S.T.M. 
Methods D 468. Tested insulators shall be 
discarded. 

14. Mechanical Strength Test. — The specimen 
insulators shall be subjected to the mechanical 
strength test as described in Section 7 of A.S. 
T.M. Methods D 468. 

15. Electrical Voltage Tests. — The specimen 
insulators shall be subjected to the specified 
dry-flashover, wet-flashover, and critical im- 
pulse-flashover tests as described in Sections 8 
to 13 of A.S.T.M. Methods D 468. 

As part of the general program for 
ret^ising specifications D 730 and meth- 
ods D 468 it is planned to revise the 
Emergency Specifications for Communi- 
cation and Signal Pin-T 3 ^pe Lime-Glass 
Insulators (ES -41) and then recommend 
the specifications for publication as ten- 
tative. Final action on this proposal 
will be taken by Committee D-9 at its 
June meeting. The following contem- 
plated changes are shown here for record 
purposes only: 

Section 5. —Change Paragraph {b) to 
read as follows: 

{h) Screw Threads. — The insulators shall 
have the standard screw threads to fit the 
wooden pin gage or the CSC gage, as applicable. 
The dimensions and construction of these gages 
shall be as described in Section 6 and in Figs. 
2 and 3, respectively, of the Standard Methods 
of Testing Pin-Type, Lime-Glass Insulators 
(A.S.T.M. Designation: D 468). The thread 
shall be smooth, of uniform pitch and well 
centered in the insulator. 

In Paragraph {c) on gage fit delete the 
reference to ^^(Fig. 2)^^ and (Fig. 3)’’ 
from item (1). 

Section 11 . — Change this section on 
thermal shock test to read as follows: 

The specimen insulators shall be 


subjected to the stipulated thermal shock 
test (manual method or machine method) 
as described in Section 5 of A.S.T.M, 

Methods D 468.’^ 

Figures 2 and 3 . — Delete these figures 
showing gages for wooden pin-type and 
carrier current insulators. 

Revisions oe Standards, Immediate 
Adoption 

Standard Methods of Test forlnstilatiom 

Resistance of Electrical Insulating 

Materials (D 257 -45): 

The first of two revisions of this 
method consists of a group of definitions 
of five terms used about the accuracy of 
which there was some question and a 
certain amount of discrepancy as com- 
pared with other statements found else- 
where in the methods. 

The second of these revisions consists 
of changes in the method for measuring 
insulation resistance under certain 
specific conditions. It is largely a revi- 
sion of the method to bring the A.S.T.M. 
and the Joint Army-Navy procedures 
into line with, each other. These re- 
visions were arrived at at a conference 
between members of A.S.T.M. Com- 
mittees D-9 and D-20 and members 
from Army and Navy laboratories. 

Section 2 . — Replace the present defini- 
tions in this section by the following: 

2. Definitions: {a) Volume Resistance. — The 
volume resistance between two electrodes whicli 
are in contact with, or embedded in a specimen, 
is the ratio of the d-c. voltage applied to the 
electrodes, to that portion of the current be- 
tween them that is distributed through the 
volume of the specimen. 

(b) Volume Resistivity. — ^The volume resistiv- 
ity of a material is the ratio of the potential 
gradient in volts per centimeter parallel to the 
current flow in the material, to the current 
density in amperes per square centimeter. 

Note 1. — Volume resistivity of a material is 
numerically equal to the volume resistance 
when measured between two electrodes which 
cover opposite faces of a centimeter cube of the 
materia!. 
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(c) Surface Resistance, — The surface resist- 
ance between two electrodes which ’are on the 
surface of a specimen is’ the ratio of the d-c. 
voltage applied to the electrodes to that portion 
of the current between them which is in a 
thin layer of moisture or other semi-conducting 
material that may be deposited on the surface. 

id) Surface Resistmiy, — The surface resistiv- 
ity of a material is the ratio of the potential 
gradient in volts per unit distance parallel to 
the current flow along its surface, to the current 
In amperes per unit width of surface. 

Note 2. — Surface resistivity of a material 
is numerically equal to the surface resistance 
between two electrodes forming opposite sides 
of a square. The size of the square is immaterial. 

(e) Insulation Resistance . — The insulation 
resistance between two electrodes which are in 
contact with, or embedded in a specimen, is the 
ratio of the d-c. voltage across the electrodes to 
the total current betTveen them. It is dependent 
upon both the volume and surface resistivities 
of the material as well as upon the configuration 
of the electrodes. 

Section J. —Change this section on 
test specimen to read as follows by the 
addition of the italicized words: “The 
test specimen for solid insulating mate- 
rials shall be either in the form of a flat 
plate, a cylinder, or a tube.^’ 

Section 4 , — Add the following new 
paragraph at the end of this section on 
electrodes: 

For insulation resistance measurements on 
molded or laminated materials the electrodes 
shown in Fig. 3 (tapered pins) shall be used, 
unless otherwise agreed upon by the manu- 
facturer and the purchaser. Figures 1 and 2 
show electrodes which are in common use and 
which may be specified in place of the tapered 
pins, upon mutual agreement between the manu- 
facturer and the purchaser. 

Figure 3 . — Change the dimensions of 
this figure to show a block 2 by 3 in., 
thickness not specified. The holes shall 
be 2 ^ in. on 1 in.-centers, reamed to fit 
Pratt and Whitney No. 3 tapered pins. 
Holes shall be 1 in. in from the sides and 
the ends of the block. 

Section IL—Chmge this section on 
conditioning to read as follows: 


11. (a) Unless otherwise agreed upon, deter- 
minations of insulation resistance of solid 
dielectrics shall be made on specimens which 
have been exposed for a period of 96 hr. in an 
atmosphere maintained at a relative humidity 
of 90 2 per cent and a temperature of 35 =b 

1 C. (95 =b 2 F.). When introduced into the 
conditioning chamber the specimen shall be at 
a temperature of 35 C. within + 5 or 0 C. 
Measurement of insulation resistance shall be 
made while the specimen is in the conditioning 
chamber maintained at the above specified 
relative humidity and temperature. An alterna- 
tive conditioning procedure^, requires that the 
determination of insulation resistance of solid 
dielectrics shall be made on specimens -which 
have been immersed in water at 50 C. (122 F.) 
for a period of 96 hr., then cooled in water and 
wiped off. Other conditioning processes may 
be used if agreed upon by the manufacturer and 
the purchaser. 

Where electrode leads pass through the walls 
of the chamber, care shall be taken to insure 
against current leakage at these points by suit- 
able guarding or by passing leads through bush- 
ings of wax or other nonwetting materials. 

(b) Humidity and Temperature Control , — 
Any method of humidity and temperature con- 
trol may be used provided the stipulated limits 
of plus or minus 2 per cent for humidity and 
plus or minus 1 C. (2 F.) for temperature are 
not exceeded. These limits are based on the 
capabilities of commercial conditioning equip- 
ments and, while generally acceptable for ac- 
ceptance testing, are not close enough for 
referee work. In the latter case, humidity 
should be maintained at plus or minus 1 per 
cent and temperature at plus or minus 0.5 C. 
(1 F.) or at closer limits, if obtainable, as agreed 
upon by the manufacturer and the purchaser. 
In small chambers, such as desiccator jars using 
acid or salt solutions, a small leak should be 
provided to maintain the conditioned space at 
approximately atmospheric pressure. In such 
containers a sulfuric acid-water mixture may 
be used to maintain the humidity at any desired 
point (see Fig. 6). Saturated solutions of 
certain salts such as sodium chloride, potas- 
sium chloride, and sodium nitrate may also be 
used to maintain definite humidity conditions. 
The temperature of the desiccator or other 
container shall be maintained constant, and 
an adequate surface exposure of the mixture or 
solution shall be provided. A gentle air circu- 
lation should be maintained, but not sufiScient 
to pick up droplets of the solution. 


4 This procedure is specified in the Joint Army-Navy 
Specifications. 
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Section 16 . — Change the sentence fol- 
lowing Eq. 6 to read: “In the case of 
metal strips applied to a thin tape or 
strip of insulating material the surface 
resistance per square ma}^’ be calculated 
by the following formula:^’ 

Change the legend for following 
Eq. 7 to read: “b = the average wddth 
of the tape or strip of insulating mate- 
rial, and”. 

Standard Methods of Testing Pin-Type, 
Lime-Glass Insulators (D 468 -42): 

ThiS' revision is largely editorial in 
nature involving two changes. The first 
of these covers the thermal shock test. 
For nearly three years Methods D 468 
have carried an appendix (Appendix IV) 
as a tentative revision of these methods, 
describing the machine method of mak- 
ing the thermal shock test. The text 
of the Appendix differed from that in the 
methods in only a few characteristic 
sentences. These sentences are now to 
be incorporated in the revised methods. 
The machine method differs from the 
manual method in no significant detail 
and now takes its place as a fully optional 
procedure. 

The second change involves the trans- 
fer to methods D 468 of the detailed de- 
scription of the methods for carrying out 
many of the tests which w^ere formerly 
included in Tentative Specifications 
D 730 - 43 T as outlined above under 
Specifications D 730. 

Standard Method of Test for Acetone 
Extraction of Phenolic Molded or 
Laminated Products (B 494 - 41) : 

Committee D-9 joins with Committee 
D-20 on Plastics in recommending the 
proposed revision for a new Section 2 on 
significance of test as covered in the Ap- 
pendix to the report of Committee D-20.® 

Seep. 461. 


Revision oe Standard and Retorsion 
TO Tentative 

Standard Methods of Testing Varnishes 

Used for Electrical Insulation 

(D 115-41); 

The revision of this method is rather 
complete but largely editorial in nature 
and does not change any of the tests 
involved in any essential way. The 
proposed revised methods, appended 
hereto,® are recommended for publica- 
tion as tentative as further changes are 
contemplated. 

Adoption oe Tentatito as Standard 

The committee recommends that the 
Tentative Method of Test for Power 
Factor and Dielectric Constant of Nat- 
ural Mica (D 351 - 42 T) be approved 
for reference to letter ballot of the Society 
for adoption as standard with revisions 
as given below. If this action is ap- 
proved, this method will then be com- 
bined with the Standard Methods of Test 
for Grading and Classification of Na- 
tural Mica (D 351 - 38). 

Section 1 . — At the end of the first 
sentence delete the w'ords “and mica 
splittings” and substitute the following : 
“0,007 to 0.030 in. in thickness and mica 
films or capacitor splits 0.0008 to 0.004 
in. in thickness.” 

Section 2 (a ). — -At the end of the 
sentence, add the following: “for either 
block mica or films. Greater precau- 
tions will be necessary in the use of either 
method in testing mica films thinner 
than 0.002 in. due to greater sensitivity 
to contamination and humidity effects.” 

Add the following new Paragraphs (d^ 
and (e) to this section: 

(d) Lead-Foil Electrodes.— 'Thz use of lead foil 
electrodes 0.0005 in. in thickness and 2.0 in. in 
diameter is satisfactory for block mica 0.015 to 
0.030 in. in thickness. 

■ (e) Rapid f Direct-Reading Method. — Where 
classification of relative order of magnitude of 
power factor or its reciprocal Q value of block 
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mica or films is desired the rapid, direct-reading 
method specified in the Tentative Specifications 
for Natural Block Mica and Mica Films Suitable 
for Use in Fixed Mica-Dielectric Capacitors 
(A.S.T.M. Designation: D 748) is satisfactory. 

Section 3 (a). "-'Add the following at 
the end of the first ’ sentence : ^‘^When 
using steel electrodes or mercury elec- 
trodes (Section 6 (b) or (c)). Only one 
test specimen shall be tested at a time 
with lead-foil electrodes (Section 6 (c)). 
When the rapid, direct-reading method 
is used, test specimens shall conform to 
the requirements specified in A.S.T.M. 
Specifications D 748.’’ 

Section 4.— Letter the first paragraph 
as (n). Reletter Paragraph (a) as (b) 
and change the first sentence to read as 
follows: ^^The surfaces of the specimen 
with the exception of the specimens used 
in Section 6 (e) shall be thoroughly and 
carefully cleaned with a camels hair 
brush dipped in petrolic ether or vapor 
degreased using trichlorethelene.” 

Section 5 (^^).-— Add the following 
clause to the beginning of the first 
sentence: 'AVhen steel electrodes, mer- 
cury electrodes, or lead-foil electrodes 
(Section 6 (5), (c) or (d) are used.” 

Add the following as a second sentence 
to this paragraph: ^AVhen the rapid, 
direct-reading method (Section 6 (e)) is 
used, the power factor or Q value shall 
be determined in accordance with the 
procedure described in A.S.T.M. Speci- 
fications D 748.” 

Section 5 {b),—ln the third line of this 
paragraph after the word “electrodes” 
add the words “specified in Section 
2(&).”^ 

Section 5 (c).— In the first line of this 
paragraph after the word “electrodes” 
add the words “specified in Section 2 (c) 
and lead-foil electrodes specified in Sec- 
tion 2 (d).” 

Section 6 . — In the first sentence after 
the word “measurement” add the fol- 
lowing: “when using steel electrodes or 
mercury electrodes,” 


Adoption as Standard op Tentative 
Revisions of Standards 

Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical In- 
sulation (D 229 - 43) : 

The committee recommends that the 
tentative revision® of these methods, in- 
volving changes in Sections 5 to 9, 14, 
30(&), 33(d), and 51 submitted in June, 
1943, and modified in August, 1943, and 
June, 1944, be approved. These revi- 
sions refer to the tests for tensile 
strength, compressive strength, dielectric 
strength, and co-efficient of thermal 
expansion. 

Standard Methods of Testing Laminated 
Tubes Used in Electrical Insulation 
(D 348-42): 

The committee recommends that the 
tentative revision® of these methods, 
referring to dimensional measurements, 
and dielectric strength measurements 
submitted in June, 1942, and modified in 
June, 1943, be approved. 

Standard Methods of Testing Laminated 
. Round Rods Used in Electrical Insula- 
tion (D 349-42): 

The committee recommends that the 
tentative revisions® of these methods, 
as submitted in June, 1942, modified in 
June, 1943, and issued in June, 1944, 
and which refer to a procedure for di- 
electric strength be approved. 

Standard Methods of Test for Grading 
and Classification of Natural Mica 
(D 351 -38): 

The committee recommends that the 
tentative revisions® of these methods, 
issued in June, 1942, and June, 1944, 
which refer to the addition of a new 
quality classification table and authoriza- 
tion for combining Tentative Methods 
D 351 - 42 T with Standard Methods 
D 351 - 38, be approved. In effecting 
this consolidation of methods a number 
of editorial changes will be necessary. 

8 1945 Supplement to Book of A.S.T.M. Standards, 
?artIIU 
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Committee D-10 on Shipping Con- 
tainers held one meeting during the year 
at Atlantic City, N. J., April 5, 1946. 
There were 43 members and visitors in 
attendance. Two visitors were from the 
Industrial Research Council of The 
Netherlands, two from the Army-Navy^ 
Packaging Board, one from the Bureau 
of Supplies and Accounts, U. S. Naw, 
and one from the Chicago Quartermaster 
Depot. In addition, the chairman read 
a letter from the Utilization Officer, 
Forest Research Institute, New Forest, 
India, asking to be kept informed of the 
activities and discussions of the com- 
mittee. This wide-spread interest is a 
clear indication of the importance at- 
tached to specifications and test meth- 
ods for shipping containers. 

During the past year the committee 
has continued its growth, and now con- 
sists of 70 members of whom 30 are 
classified as producers, 24 as consumers, 
and 16 are general interest members. 

The officers of Committee D-6 on 
Paper and Paper Products, representa- 
tives from Society headquarters, and the 
officers of Committee D-10 met in July, 
1945, to discuss the scope of each com- 
mittee and eliminate overlapping ac- 
tivities. As a result of this meeting, 
the Executive Committee of the Society 
placed the sole responsibility for the de- 
velopment of shipping container test 
methods and specifications with Com- 
mittee D-10. R. L. Beach was ap- 
pointed by Committee D-6 as its repre- 
sentative on Committee D-10. E. 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


Dahill represents Committee D-10 on 
Committee D-6. 

Subsequent to the 1945 Annual Meet- 
ing, Committee D-10 presented to the 
Society through the Administrative Com- 
mittee on Standards the following 
recommendations: 

New Tentative Methods for: 

Compression Test for Shipping Containers 
(D 642 - 45 T) to supersede Standard Method 
I) 642 - 43, and 

Drop Test for Shipping Containers (D 775 - 45 T) 
to supersede Tentative Method D 775 - 44 T. 

Methods D 642 and D 775 w^ere for- 
merly under the jurisdiction of Com- 
mittee D-6 and were transferred to 
Committee D-10 in accordance with the 
arrangements mentioned earlier in this 
report. These recommendations w-eie 
accepted^ by the Committee on Stand- 
ards on August 27, 1945, and the tenta- 
tive methods appear in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, 
Part III. 

On February 15, 1946, the Adminis- 
trative Committee on Standards ac- 
cepted^ revisions in the Tentative 
Method of Drum Test for Containers in 
Small Revolving Hexagonal Drum Box- 
Testing Machine (D 782 - 44 T) . This 
method, before revision, had also been 
under the jurisdiction of Committee 
D-6. The revised method will appear in 
the 1946 Book of A.S.T.M. Standards, 
Part III-B. 

1 In submitting these recommendations to the Admin- 
istrative Committee on Standards, Committee D-10 re- 
ported the following results of the letter ballot vote from a 
committee membership of 70: D 642 -45 T, affirmative 44, 
negative 1, ballots marked “not voting*’ 7; D 775 - 45 T, 
affirmative 45, negative 2, ballots marked “not voting” 5; 
D782-44T, affirmative 52, negative 3, ballots marked 
“not voting” 9. 
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A vibration test for shipping containers 
was submitted to letter ballot of Com- 
mittee 'D-lO but it received several nega- 
tive votes and was referred back to the 
subcommittee. It is now being held 
awaiting more definite developments in 
regard to the magnitude and frequency 
of the forces acting on shipping con- 
tainers in transportation. 

A list of definitions was prepared and 
submitted to the members of Committee 
D-10 after approval by Subcommittee I. 
There were many suggestions for changes 
and additions and the list is now in 
process of revision by the subcommittee. 

During the year the secretary of Com- 
mittee D'-IO sent a questionnaire to every 
member so that the committee officers 
would have authentic information on 
each member in regard to: 

Company relation to shipping con- 
tainer problems, 

Individual’s activity in shipping con- 
tainers, 

Primary interest in shipping con- 
tainers, 

Testing equipment available, and 

Preference for subcommittee service. 
The answers received have been very 
helpful in setting up and revising the 
subcommittees. 

The election of ofiicers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, T. A. Carlson. 

Vice-Chairman, R. L. Beach. 

Secretary, E. R. Stivers. 

Members of Advisory Committee: 

Edward Dahill and P. P. 

.Kennedy 

New Tentative Method 

The committee recommends that the 
Method, of Incline-Impact Test for 
Shipping Containers^ be accepted for 
, publication as' tentative. 

s This method has been accepted as tentative by the 
Society and appears in the 1946 Book of A.S.T.M. Stand- 
ards, Part III-B. ■ , , , , 


This recommendation, has been sub- 
mitted to letter ballot of the , committee 
which consists of 70 members; 49 mem- 
bers returned their ballots, of whom 45 
have voted affirmatively, 1 negatively, 
and 3 members marked their ballots 
“not voting.” 

Activities o.? Subcommittees 

Most of the subcommittees have been 
active throughout the year carrying on 
their work by correspondence. All but 
one of the five subcommittees met for 
an afternoon session on April 4, 1946, 
at iVtlantic City, N. J. At this time they 
gave attention to work in progress and 
outlined a program for the future. For 
the coming year, the subcommittees 
have appointed the following chairmen: 

Subcommittee I on Definitions of Terms, 
Edward Dahill, chairman, 

Subcommittee II on Methods of Testing, E, R. 
Stivers, chairman, 

Subcommittee III on Moisture and Water Vapor 
Resistance, R. W. Laliey, 

Subcommittee IV on Performance Standards 
J. H. Toulouse, 

Subcommittee V on Correlation of Tests and 
Test Results, R. C. McKee, and 
Subcommittee VI on Interior Packing, W. B. 
Lincoln, Jr., chairman. 

Some of the subcommittees have or- 
ganized sections to increase their effec- 
tiveness. 

This report has been submitted to 
letter ballot of the committee, which con- 
sists of 70 members ; 52 members returned 
their ballots, all of whom have voted 
aflSirmatively. 

Respectfully submitted on behalf of 
the committee, 

Edward Dahill, 
Chairman, 

E. R. Stivers, 

Secretary, 


REPORT OF COMMITTEE D41^ 

ON 

RUBBER AND RUBBER-LIKE MATERIALS 


Committee D-11 on Rubber and 
Rubber-Like Materials held one meeting 
during the year, in Pittsburgh, Pa. on 
February 28, 1946, in connection with 
the spring group meetings of A.S.T.M. 
committees. Several of the subcom- 
mittees have met separately during the 
year and considerable , work has been 
carried on by correspondence. 

Several changes have occurred in the 
representation of the committee in other 
organizations. A. M. Finley was ap- 
pointed as the representative on ASxA 
Sectional Committee L3 on Rubber- 
Lined Fire Hose replacing W. L. Sturte- 
vaiit who retired from active membership 
on the committee after many years of 
service. Mr. Sturtevant has been ap- 
pointed a consulting member on Com- 
mittee D-11. J. H. Ingmanson was 
appointed to represent the committee 
on ASA Sectional Committee C59 on 
Electrical Insulating Materials following 
the resignation of E. D. Youmans. 
L. V. Cooper is replacing J. J. Allen as 
the committee’s representative in the 
Section on Indentation Hardness of the 
Society’s Committee E-1 on Methods 
of Testing. 

RECOmiENDATIONS ACCEPTED BY THE 
Administrative Committee 
ON Standards 

Subsequent to the 1945 Annual Meet- 
ing, Committee D-11 presented to the 
Society through the Administrative Com- 
mittee on Standards a number of 
recommendations which are listed in 

♦ Presented at the Forty-ninth Animal Meeting of the 
Society, June 24-28, 1946. 


Table I, together with the results of the 
letter ballot vote in Committee' D-11 and 
the date of acceptance by the Standards 
Committee. The new- and revised tenta- 
tives have been given the designations 
indicated and together with the tentative 
revision appear in the 1946 compilation 
of ‘^A.S.T.M. Standards on Rubber 
Products.” 

The new specifications D 866 for 
GR-S sheath compound are identical 
with those formerly published as Emer- 
gency Specifications (ES~ 6a) except that 
the scope was modified to limit service 
applications of this material to tempera- 
tures of minus 25 C. and higher and a 
requirement was added specifying a 
minimum elongation of 200 per cent 
after 48 hr. in the oxygen pressure aging 
test. These changes were considered 
necessary to assure proper service appli- 
cation and performance. The tentative 
revision of Standard Specifications D 
469 covers the substitution of a new 
Table III on insulation resistance based 
on a value of K equal to 10,560 instead of 
the present table based on a value of K 
equal to 15,840. The new table is 
considered to be more satisfactory and in 
line with the present practice for this type 
of material. 

The revisions in the Tentative Speci- 
fications D 754 and D 755 include a 
loFF-temperature restriction of minus 
35 C, below wdiich use of these insulating 
materials is not recommended and a 
change in the duration of the high-voltage 
test from 1 min. to a time interval of 5 
min. The ■ temperature limitation is 
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intended to assure proper service applica- 
tion of the material and the increased 
time in the voltage test is a more severe 
requirement assuring better insulation 
qualities. The revisions in the cellular 
rubber specifications D 798 were exten- 
sive and detailed replacing all of the 
present tables in the specifications with 

TABLE I.~RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE ON 
STANDARDS INCLUDING RECORD OF LETTER 
BALLOT VOTE. 


■ 

Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

New Tentatke Specifications Jon 
GR-S Synthetic Rubber Sheath 
Compound for Electrical Insu- 
lated Cords and Cables 
(D 866 - 46 T), accepted Janu- 
ary JO, 1946 

56 

2 

46 

New Tentative Method Jon 

Heat Aging of Vulcanized 
Natural or Synthetic Rubber 
by Test Tube Method (D 865 
46 T) accepted February 15, 1946< 

69 

1. 

18 

Revision oj Tentative Specijlca- 
tions Jon 

Insulated Wire and Cable: Heat- 
Resisting Synthetic Rubber 
Compound (D 754 - 46 T), ac- 
cepted January 10, 1946 

60 

0 

44 

Insulated Wire and Cable: Per- 
formance Synthetic Rubber 
Compound (D 755 - 46 T), ac- 
cepted Januarv 10, 1946 

60 

0 

44 

Cellular Rubiser Products 
(D 798 - 46T), accepted January 
10, 1946 

45 

0 

59 

Revision oJ Tentative Methods oJ 
Test for Changes in Properties of 
Rubber and Rubber-Like Ma- 
Materials in Liquids (D 471 - 
46 T), accepted January 10, 1946 

65 

0 

39 

Testing Cellular Rubber Prod- 
ucts (D 552 - 46 T), accepted 
January 10, 1946 

48 

0 

56 

Tentative Revision oJ Specifica- 
tions for: 

Insulated Wire and Cable: Heat 
Resisting Rubber Compound 
(D 469 - 41 ), accepted January 
10, 1946 

57 

0 

1 

47 


new ones and rearranging the former 
permitted tolerances. These changes 
were the result of the experience of 
members of the committee in use of the 
specifications since their adoption two 
years previously and were considered 
necessary to represent usual commercial 
practice and to make these specifications 
more usable in the trade. In the 


immersion test Methods D 47 ex- 
perience had indicated that the aniline 
points of the petroleum-base test oils 
were not controlled sufficiently close to- 
assure reproducible results. This was 
corrected in the revisions recommended 
and in addition, standard sources of oils 
were established which would provide a 
means whereby oil held to closer tol- 
erances than the ordinary commercial 
grades could be obtained. The revisions 
in Methods D 552 for testing cellular 
rubber products were relatively minor 
clarifying details concerning test equip- 
ment required. 

The new Test D 865 for heat aging of 
rubber by the test tube method was 
developed by Section IV of Technical 
Committee A on Automotive Rubber in 
connection with work looking toward 
improvement in the means for evaluating 
the resistance of synthetic rubbers to 
deterioration at high temperatures. Ex- 
perience with existing methods had 
shown considerable variation and quite a 
number of attempts had been made to 
remedy this situation. The work of the 
section, wiiich was published in the 
ASTM Bulletin,^ indicated that the 
proposed test tube technique offered a 
more satisfactory test procedure. Fur- 
ther study confirmed this and the com- 
mittee decided to publish the method in 
order that additional confirmation and 
experience can be obtained. 

Emergency Alternate Provisions 

AND Emergency Specifications 

Emergency Alternate Provisions EA - 
D 353, EA - D 469a, and EA ~ D 532a 
were withdrawn by recommendation 
of Committee D-11 and acceptance of 
the recommendation by the Standards 
Committee on January 10, 1946, 

since the need for these provisions was 
no longer considered to exist. The 

lASTM Bulletin, Am. Soc. Testing Mats., No. 132, 
January, 1946, p. 33. 
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emergency alternate provisions for the 
Standard Specifications for Friction Tape 
(D 69 - 38) and for Rubber Insulating 
Tape (D 119 - 38) are herein recom- 
mended for withdrawal and the portions 
of these provisions which are still 
essential are being incorporated in the 
standard specifications which will be 
returned to the tentative status. The 
committee will then have under its 
jurisdiction no emergency specifications 
and it will still have emergency alternate 
provisions in four specifications and one 
method of test, all of which deal vdth 
insulated -wire and cable. The Sub- 
committee on Insulated Wire and Cable 
has appointed a section which is now 
working on the elimination of these 
remaining emergency alternate provisions 
and appropriate action to this end is 
expected to be taken through the 
Standards Committee immediately after 
the 1946 Annual Meeting. 

I. Revisions oe Tentatives 

The committee recommends that the 
following eleven tentatives be revised as 
indicated below and continued as tenta- 
tive: 

Tentative Methods of Test for Com- 
pression Set of Vulcanized Rubber (D 
395 ““ 40 T).^— Under method B, com- 
pression set under constant deflection, 
the percentage of compression employed 
in the test depends upon the hardness of 
the material being tested and is specified 
in a table given in Section 11 (5). This 
procedure is widely used in the automo- 
tive industry where it originated and 
Technical Committee A on Automotive 
Rubber has recommended a somewhat 
different and more specific table for the 
same purpose as given in Section 8 {e) 
of the Tentative Specifications for Rub- 
ber and Synthetic Rubber Compounds 
for Automotive and ileronautical Appli- 
cations (D 735 -- 43 T). The committee 

2 1944 Book of A.S,T,M. Standards^ Part III. 


has reviewed these' two tables and 
concluded that there should be only one 
table and that the latter is the better. 

The committee therefore recommends 
the following revision in Methods D 395 : 

Section 11 {b ). — Delete the present 
table and substitute the following: 


Durometer Hardness 

Deflection, per cent of 

Number 

original thickness 

30 zh -5 

40 

40 d: 5 

40 .. 

50 ± 5 

30 

60 ± 5 

30 

70 db 5 

25 

80 ±5... 

25 

90dz5.. 

20 


Tentative Methods of Testing Cellular 
Rubber Products (D 552 - 46 T).®— 
Work in the committee has indicated that 
the use of the specified dial gage for 
the smaller thicknesses is a more accurate 
means of measurement of thickness than 
a sliding caliper gage as previously 
required. The committee therefore 
recommends the following revisions: 

Section 4 , — Delete the last three 
sentences and substitute the following 
sentence: ‘^The thickness shall be meas- 
ured using the dial micrometer gage 
described in Section 6 (Z>).’^ 

Section 6 (b ). — Change to read as 
follows : 


(b) Thicknesses up to and including 1 in. shall 
be measured using a dial-type gage“ having a 
maximum stem and foot weight of 20 g. and a 
foot IJ in. in diameter. Thicknesses over 1 in. 
shall be measured using a sliding caliper gage or 
as specified in Paragraph (a). When a sliding 
caliper gage is employed, the gage setting shall be 
made with the gage out of contact with the cellular 
rubber. The sample shall be passed through the 
previously set gage and the proper setting shall 
be the one when the measured faces of the gage 
contact the surfaces of the article without com- 
pressing it. 

“ A gage similar to Federal Products Co. No. D-81-S 
is satisfactory. 

Section 6 (c ). — Change to read as 
follows: ^‘{c) The- type of steel scale tape 
or dial gage and the graduations em- 

3 Compilation of “A.S.T.M. Standards on Rubber 
Products,” March, 1946, 
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ployed shall be so chosen as to give 
accurate measurements according to the 
specified permissible variations.” 

Section 14 . — Delete the references in 
the first sentence to compression-deflec- 
tion value of - less than 13 psi. and to 
25 per cent compression. The sentence 
will then read as follows: ^'The apparatus 
and procedure shall be the same as 
prescribed in Method B of the Tentative 
Methods of Test for Compression Set of 
Vulcanized Rubber (A.S.T.M. Designa- 
tion: D 395) except as follows: Test 
specimens shall be compressed 50 per 
cent of their original thickness.” 

This change is in line with the deletion 
of the requirements in the Tentative 
Specifications for Cellular Rubber Prod- 
ucts (D 798) for compression set using 
25 per cent deflection which is also being 
recommended. 

Tentative Methods of Testing Asphglt 
Composition Battery Containers (D 639 ~ 
43 T):2 

Section 13. — Change to read as follows: 

13. Apparatus: {a) Testing Machine. — ^Ten- 
sile strength and elongation shall be determined 
on a power-driven apparatus of either the beam- 
weighing or pendulum type conforming to the 
following requirements: 

(1) The applied tension as indicated by the 
dial or scale shall be accurate within 1 per cent. 

(2) The indicator shall remain at the point of 
maximum load after rupture of the test specimen. 

(3) The rate of travel of the power actuated 
grip shall be such that the average rate of load 
application shall be not more than 3.1 nor less 
than 2.9 Ib. per sec. when measured with a non- 
extensible steel bar locked in the grips. 

(4) Testing machines with a maximum ca- 
pacity of 500 to 1500 lb. may be used to meet 
the conditions outlined above. 

Note.—To establish a specification standard, 
it is advisable to specify the type of testing ma- 
chine which is to be used to give the required 
tensile strength and elongation. 

Q}) Gffj&x.— -The grips shall be as described in 
Section 7 (5) of the Tentative Methods of Testing 
Hard Rubber Products (A.S.T.M. Designation: 
:D.530)., . 

New Section.— hM the following as a 
new Section 14, renumbering the sub- 
sequent sections accordingly : 


14. Cdihration of Testing Machine.—Tht 
testing machine shall be calibrated as described 
in Section 8 of the Tentative Methods of Testing 
Hard Rubber Products (A.S.T.M. Designation: 

D 530). 

This change is necessary in order to provide 
for testing at a specified rate of load application 
rather than at a constant rate of jaw separation. 
The Section on Asphalt Composition Battery 
Containers of Subcommittee XXIII has done a 
large amount of work in trying to eliminate con- 
fusion and to improve reproducibility in testing 
for tensile strength and elongation. Several 
round-robin test programs have been carried out 
in six cooperating laboratories and the committee 
has shown that the rate of loading has a distinct 
effect upon the breaking strength but little or no 
effect upon elongation, low rates of loading giv- 
ing lower tensile strength figures than higher 
rates of loading. Tlie conclusion has also been 
reached that where different types of testing ma- 
chines are in use it is more important to specify . 
the rate of loading than the speed of jaw separa- 
tion which is just one factor in the rate of loading. 

Tentative Method of Test for Indenta- 
tion of Rubber by Means of the Durometer 
(D 676~44T):2 

Section 4 (6). —Change item (1) to 
read as follows: ^\1) The durometer and 
the specimen shall be conditioned in air 
or in a mixture of air and carbon dioxide 
at the prescribed temperature for at 
least 30 min. before test.” 

This change permits the use of dry ice 
cold boxes and is in line with current 
practice. 

Tentative Specifications for Rubber and 
Synthetic Rubber Compounds for Auto- 
motive and Aeronautical Applications 

(D 735-43T):2 

Section 3 (i).— In the paragraph 
dealing with Suffix Letters insert the 
following sentences just prior to the 
listing of the significance of approved 
suJBBlx letters: 

In those cases where, a specific test tor the 
property covered by a suffix letter has not been 
made a part of these specifications, the sufc 
letter is not to be used until suitable tests have 
been arranged by agreement between the manu- 
facturer and the purchaser. The manufacturer 
will not be held accountable for special tests 
worked out by the purchaser unless the tests are 
specified on part drawings or the :maiiufacturer 
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has been notified in writing regarding these tests 
previous to entering into a contract to furnish 
these materials. 

AlsOj add the following approved suffix 
letters : 

Suffix Letter 

[Resistance to Tear reciuired. Test to 

G . . . d be arranged between the manufacturer 

[and the purchaser. 

[Resistance to severe flexing required. 

H. . . .-(Test to be 'arranged between the 

[manufacturer and the purchaser. 

f Resistance to abrasion required. Test 
J ^ to be arranged between the manufac- 
[turer and the purchaser. 

Adhesion to metal required. Natural 
and syntlietic rubber compounds can 
be bonded to most metals. The bond 
obtained is dependent on many fac- 
torsj such as; 

(a) Type of compound. 

(b) Type of metal. 

(c) Surface preparation of the 

metal. 

(d) Type of adhesive used. 

(e) Size and shape of the product. 
(/) Method of vulcanization. 

Uniform adliesion values should range 
upward from approximately 200 psi. 
for compounds of less than 50 durome- 
ter hardness, and from approximately 
K. , . .<250 psi. for compounds of over 50 
durometer hardness, provided the 
compounds are designed for use in 
bonding to metal. 

Standard Method of Test for Adhesion 
of Vulcanized Rubber to Metal (A.S. 
T.M. Designation; D 429) should be 
used when possible. However, it is 
usually desirable to run tests on the 
actual production parts, in which case, 
the adhesion value is measured by a 
tension pull normal to the plane of the 
metal surfaces and calculations are 
based on the projected area of the 
, smaller metal part. 

It is recommended that the respective 
purchaser and manufacturer of prod- 
ucts requiring adhesion to metal mutu- 
ally agree on the test method and ad- 
hesion value required for each specific 
application.' 


[Resistance to water absorption re- 

L { quired. , Test to be arranged between 

(the manufacturer and the purchaser. 

[inflammability resistance required. 

M {Test to be arranged between the 

[manufacturer and the purchaser, 

[Resistance to impact required. Test 
N. . . .“{to be arranged between the manufac- 
[turer and the purchaser. 

Test for the degree of staining of siir- 
p Jface finishes required. Methods of 
test and limits to be arranged between 
the manufacturer and the purchaser. 

[Special tests of either the usual labo- 
jratory type or performance type re- 

Z “(quired. Such tests to be arranged 

between the manufacturer and the 
purchaser. 

Table II . — For the class RS compounds 
add the following A.S.T.M. hardness 
numbers and values for 20 per cent 
load deflection in the appropriate 
columns: 


A.S.T.M. 

Grade Numbers Hardness Number 

RS300 to RS320-7, incl 175 ± 25 

RS400 to RS42S, incl 125 ± 25 

RS500 to RS520, incl 90 ± 20 

RS600 to RS625, incl 63 ± 17 

RS700 to RS725, incl ' 42 ± 12 

RS804 to RSS25, incl 30 ± 10 

RS907 to RS915, incl 15 ± 10 

SufBx D 

Grade Numbers 20 per cent Load DeSection^ psL 

RS315 to RS320--7, incl 70 ± 15 

RS415 to RS425, incl 102.5 ± 22.5 

RS515 to RS520, incl. 145 ± 30 

RS615 to RS625, incl 205 ± 45 

RS715 to RS725, incl 302.5 ± 72.5 

RS820 to RS825, incl 472.5 ± 102.5 


Note. — ^Load deflection values not provided 
for compounds having a tensile strength of less 
than 1500 psi. nor for compounds over 80 Du- 
rometer hardness. 

Table F. — Change the values for 
maximum compression set under Suffix B 
to read as given in the accompanying 

Table II: 

These changes are the result of con- 
siderable work by Section IV of Technical 
Committee A and have been .thoroughly 
studied and approved both by the section 
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and by letter ballot of the entire Techni- 
cal Committee. It is believed by those 
concerned that they will improve the 
specifications and increase their utility. 

Tentative Method of Test for Low- 
Temperature Brittleness of Rubber and 
Rubber- Like Materials (D 736 - 43 T):^ 

Section 4, — Change the second sen- 
tence to read as follows: “With the 
plates in the open position separated 


TABLE 11. 


Grade No, 

22 hr. at 

158 F. 

70 hr. at 

212 F. 

SC 305 

70 


SC 310...., 

70 


SC 315 

70 


SC 320 

70 


SC 400 


75 

SC 405 

65 


SC 415 

65 


SC 420 

60 


SC 425 

60 


SC 500 


70 

SC 507 

60 


SC 512 

60 


SC 520 

50 


SC 525 

50 


SC 530 

50 


S C 600 


70 

SC 608 

55 


SC 614 

55 


SC 620 

50 


SC 625 

50 


SC 630 

45 


SC 700 


65 

SC 707 

*50 


SC 717 

45 


SC 725 

40 


SC 800 


65 

SC 804 

SO* 


SC 808 

50 


SC 815 

45 


SC 902 

50 


SC 910 

SO 



2| in., the fixture containing the speci- 
mens shall be placed in the cold chamber 
and exposed for the specified period to 
cold, dry air or a mixture of air and 
carbon dioxide at the specified tem- 
perature.^® 

Make the same* change in the second 
sentence of Section 2 (a) adding the 
words: “or a mixture of air and carbon 
dioxide” after the words “cold dry air.” 

The purpose of this change is to permit 
cooling by the direct use of carbon 


dioxide as is in accordance ^ with the 
usual practice when dry ice cold boxes 
are employed. 

Tentative Specifications for GR-M 
Polychloroprene Sheath Compound' for 
Electrical Insulated Cords and Cables 
(B752-44T):2 

Section 4. — Change the requirement for 
depreciation in tensile strength and 
elongation at rupture after 18 lirs. in oil 
immersion test at 249 to 251 F. from 
35 per cent maximum depreciation to a 
requirement that the tensile strength 
and elongation after the test shall be not 
less than 60 per cent of their original 
values. This change is recommended 
by the committee as being more in line 
with actual practice than the present 
requirement in this severe test. 

Tentative Specifications for Cellulaf 
Rubber Products (D 798 •“ 46 T).® — 
Revise Tables I, II, III, and IV of these 
specifications deleting all reference to 
the values for compression set using 
25 per cent deflection as now shown under 
Suffix B. This change affects grades 
numbered 14 and 15 in each table. In 
place of the set values under 25 per cent 
deflection as now shown for these grades, 
add set values in the 50 per cent deflec- 
tion column which shall be numerically 
the same as the values now given for 
grades numbered 13 in each table. The 
committee has compared compression 
sets on 30 samples determined at both 
25 per cent and 50 per cent deflection 
and has found by statistical analysis of 
the results that a definite relationship 
exists for sponge rubbers having a 
compression set of less than 12 per cent 
at 50 per cent deflection. In this case, 
the set at 50 per cent deflection was 
approximately 1.38 times that at 25 per 
cent deflection. However, with sponge 
rubbers having sets greater than 12 
per cent, ratios as high as 3.3 to 1.0 were 
found. The committee, therefore, feels 
that compression set values obtained at 
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25 per cent deflection may give mis- 
leading information with respect to 
sponge which might be used at deflec- 
tions greater than 25 per cent and that 
deletion of the 25 per cent deflection 
requirements will be desirable. 

Tentative Method of Test for Per- 
meabiUty of Vtilcanized Rubber or Syn- 
thetic Elastomers to Volatile Liquids 
(D 814-44 T):2 

Section 2 (b). — Change the specifica- 
tion of the inside diameter of the per- 
meability jar from “2.328 =t: 0.015 in.’^ 
to read “2.375 ± 0.015 in.^’ The 
dimension now given is not in con- 
formance with that of the standard jar 
commercially available. 

Tentative Methods of Testing Rubber 
Adhesives (D 816 - 44 T):‘^ 

Sections 7 {h)^ 10, and 18. — Change 
the aging period after bonding from 
“3 hr./^ as now specified to read “24 hrd’ 
The committee has found that the 3-hr. 
period is not sufficiently long to allow for 
adequate diying and development of full 
bond strength in all cases. 

Section 13. — Change the last sentence 
and add an additional sentence to read 
as follows: “The load so indicated 
expressed in pounds per inch of width for 
separation at 1 in. per min. shall be 
considered as the adhesion strength by 
the stripping method. For the evalua- 
tion of each cement sample , two samples 
shall be prepared and tested and the 
higher average load obtained shall be 
reported as the adhesion strength of the 
sample.” 

In this case, the committee is of the 
opinion that check tests which have not 
been required should be run on all 
samples to assure satisfactory results. 

Tentative Recommended Practice for 
Conditioning of Rubber and Plastic 
Materials for Low-Temperature Testing 
(D 832 - 45 T).^ — The committee recom- 
mends that additional Sections 10 to 17 , 
inclusive, covering low-temperature cabi- 


nets as given in the Appendix^ to this 
report be added in this tentative. A 
large number of types of cold boxes and 
low-temperature conditioning equipment 
are available and are being used. It is 
felt that the discussion of this equipment 
and the standardization of the essential 
requirements as given in this recom- 
mendation will be ■ very helpful in 
improving the quality of low-tempera- 
ture testing. 

TI. Adoption of Tentatives as 
Standard 

The following two tentatives are 
recommended for adoption as standard 
without revision and the committee 
accordingly asks for a nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these recommendations may 
be referred to letter ballot of the Society: 

Tentative Method of Test for Compression- 
Deflection Characteristics of Vulcanized Rub- 
ber (D 575-40T)2 and 
Tentative Method of Test for Young’s Modulus 
in Flexure of Natural and Synthetic Elasto- 
mers at Normal and Subnormal Temperatures 
(D 797-44T).2 

These two tentatives have been published 
for several years and are in regular use. 
No criticisms or suggestions for improve- 
ment have been received by the com- 
mittee. The committee also recom- 
mends that the Tentative Method of 
Testing Compressed Asbestos Sheet 
Packing (D 733 - 43 T)^ be adopted as 
standard with a minor revision in the 
type of micrometer gage specified for the 
measurement of thickness. The com- 
mittee feels that better thickness meas- 
urements of this type of material will 
be obtained if both the presser foot and 
the anvil of the micrometer gage are 
i in, in diameter instead of having the 
material rest on a larger plate anvil as at 
present. 

4 These revised recommended practices and methods were 
accepted by the Society and appear in the 1946 Book of 
A.S.T.M. Standards, Part III-B. 
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Section 5. — Change to read as follows: 
“Thickness shall be determined in ac- 
cordance with the procedure adopted in 
Section 8 (d) of Methods D 412, except 
that the thickness recorded shall be the 
average of not less than five separate 
measurements; the presser foot shall 
exert, a force of 9.0 rb 0.1 oz.; and the 
diameter of both presser foot and anvil 
shall be 0.25 dr 0.01 in.^’ 

Ill Revision of Standards, 
Immediate Adoption 

The committee recommends for imme- 
diate adoption revisions in the following 
two standards and asks that these 
modifications be approved for reference 
to letter ballot of the Society for adoption 
as standard: 

Standard Methods of Test for Abrasion 
Resistance of Rubber Compounds (D 394- 
40) -.2 

Section 9 . — Change the speed of rota- 
tion of the rubber-coated metal drum 
from “40 r.p.m.^^ to read “45 rh 5 r.p.m.” 
The manufacturer of this machine has 
indicated that some tolerance in speed is 
required and that use of standard motors 
necessitates this change. The effect of 
the changed speed has been checked by 
the National Bureau of Standards and 
found to make no material difference in 
the result of the test. 

Standard Methods of Testing Rubber 
Insulated Wire and Cable (B 470 - 41).^ — 
Replace Section 29 on test specimens for 
the ozone resistance test with the new 
Section 29 as appended hereto.^ The 
present section has led to some mis- 
understanding and Subcommittee V on 
Insulated Wire and Cable has prepared 
the present revision in an effort to clarify 
the questionable points. 

IV. Adoption AS Standard of 
Tentative Revision of 
■Standard 

The committee recommends that the 
tentative revision of the Standard Speci- 


fications for Insulated Wire and Cable: 
Heat-Resisting Rubber Compound (D 
469 - 41) now published as Table IV be 
adopted as standard, replacing the 
present Table III on insulation resist- 
ance. This table is based on a constant 
of 10,560 instead of 15,840. No adverse 
comments have been received since the 
publication of this tentative revision. 

V. Revision of Standards and 
Reversion to Tentatives 

The committee recommends that the 
Standard Specifications for Friction Tape 
for General Use for Electrical Purposes 
(D 69 - 38)^ and the Standard Specifica- 
tions for Rubber Insulating Tape (D 
119 - 38)2 be reverted to tentative and 
revised to include most of the provisions 
now published as Emergency Alternate 
Provisions EA - D 69b and EA - D 119. 
The emergency alternate provisions 
should then be wdthdrawn. 

The new Tentative Specifications for 
Friction Tape will agree with the present 
Standard Specifications D 69 as modified 
by EA - D 69b except for the following: 
Paragraph (a) of Section 20 shall remain 
the same as in the present standard but 
Paragraph (&) of the same section should 
be omitted as indicated in the emergency 
alternate provisions. The new Tenta- 
tive Specifications for Rubber Tape are to 
agree with the present standard Speci- 
fications D 119 as modified by EA - D 
119 except for the following: 

Section 4, —Change to read as follows: 
“The rubber compound shall contain 
not more than 7 lb. of new rubber per 
27,000 sq. in. of tape 0.027 in. in thick- 
ness.^’ 

Section 13. — Change to read as follows: 

iZ. Aging and Storage, (a) The tape shall at 
any time within four months after acceptance, if 
properly stored, meet the fusion test specified 
in Section 20 and shall not become unduly at- 
tached to the separator. 

(b) Tape, to .'be properly, stored, shall be 
stored in the original boxes and preferably in a 


On Rubber and RubbiiR*Like Materials 


419 


coolj dark location. Tape sliail not be stored in 
close proximity to steam pipes, radiators, or 
other sources of heat. 

All of the proposed changes have been 
included in the revised specifications 
which are appended hereto.^ 

VI. Retorsion oe Standards to 

Tentative 

The committee recommends that the 
Standard Specifications for Insulated 
Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27-41) 
and Methods of Testing Rubber In- 
sulated Wire and Cable (D 470 - 41) 
be reverted to the status of tentative as 
it plans to revise these standards to in- 
corporate certain of the emergency alter- 
nate provisions issued as EA - D 27 and 
EA-D 470.^^ 

VII. Tentatives Continued as 
Tentative without Revision 

The committee has no new tentatives 
to recommend for publication, at the 
present time but is actively working on 
many new projects and on revisions of 
existing tentatives which are not men- 
tioned in this report. The committee 
recommends that all tentatives under its 
jurisdiction, other than those referred to 
herein be continued as tentative without 
revision until the work under way can be 
completed. • 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists of 
156 voting members; 110 members re- 
turned their ballots, with the results 
shown in Table III. 

Activities oe Subcommittees 

Two new subcommittees were organ- 


5 These revised specifications were accepted by the 
Society and appear in the 1946 Book of A.S.T.M. Stand- 
ards, Part III-B. 

fi See Editorial Note, p. 423. 


TABLE III.— ANALYSIS OF LETTER BALLOT VOTE. 


I. 


Ballots 


Items 


Affirm- 1 Nega- | Marked 
ative { tive j .i“Not 
; iVotiiig"’ 


Rewsion oe Tentatives 


Test for Compression Set of 
Vulcanized Rubber (D 395 - 

40 T) 

Testing Cellular Rubber Prod- 
ucts (D 552 - 46 T) 

Testing Anhalt Composition 
Battery Containers (D 639 - 

43 T) 

Test for Indentation of Rubber 
by Means of the Durometer 

(D 676 - 44T) 

Spec, for Rubber and Synthetic 
Rubber Compounds for Auto- 
motive and Aeronautical Ap- 
plications (D 735 - 43 T) 

Test for Low-Temperature Brit- 
tleness of Rubber and Rubber- 
Like Materials (D 736 - 43 T) . 
Spec, for GR-M Polychloroprene 
Sheath Compound for Electri- 
cal Insulated Cords and Cables 

(D 752 - 44 T) 

Spec, for Cellular Rubber Prod- 
ucts (D 798-46T) 

Test for Permeability of Vulcan- 
ized Rubber or Sj-nthetic 
Elastomers to Volatile Liquids 

(D8i4--44T) 

Testing Rubber Adhesives 

(D 816-44 T) 

Rec. Practice for Conditioning 
of Rubber and Plastic Ma- 
terials for Low-Temperature 
Testing (D 832 - 45 T) 


49 

31 

77 

51 

73 


49 

48 

63 

57 


75 


0 

1 

i 

0 


I 

0 


0 

0 


0 

1 


0 


60 

78 


33 


58 

37 


61 

62 


47 


52 


35 


II. Adoption of TENTATi\TiS as 
Standard 

Test for Compression-Deflection 
Characteristics of Vulcanized 

Rubber (D 575 - 40 T) 

Test for Young’s Modulus in 
Flexure of Natural and Syn- 
thetic Elastomers at Normal 
and Subnormal Temperatures 

(D 797 - 44 T) 

Testing Compressed Asbestos 
Sheet Packing (D 733 - 43 T). . 


68 


60 


42 


0 


0 


0 


42 


50 

68 


III. Revision of Standards, 
Immediate Adoption 
Test for Abrasion Resistance of 
Rubber Compounds (D 394 - 


Testing Rubber Insulated Wire 
and Cable (D 470 -41) 

IV. Adoption as Standard of 
Tentatr^e Revision of 
Standard 

Spec, for Insulated Wire and 
Cable: Heat-Resisting Rubber 
Compound (D 469-41) 


69 

55 


50 


V. Revision of Standards and 
Reversion to Tentative 

Spec, for Friction Tape for 
General Use of Electrical 

Purposes (D 69 - 38) — 

Spec, for Rubber Insulating Tape 
(D 119 -38) 

VI. Reversion OF Standards TO 

Tentative 

Spec, for Insulated Wire and 
Cable: Class Ao, 30 per cent 
Hevea Rubber Compound (D 


Testing Rubber Insulated Wire 
andCable(D 470-41). 


57 

57 


52 


53 


0 


i 


0 


0 

0 


0 

0 


41 


54 


60 


S3 

S3 


48 

47 
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ized ■ during the year. One of these, 
Suhcommittee XXVI on Plasticity 
Tests, will investigate means and meth- 
ods for determining the processibility 
of rubber and rubber-like materials. 
V. L. Smithers was appointed chairman 
and has already held an organization 
meeting at which time w^ork w^as started 
on the collection of information con- 
cerning the types of instruments and 
methods now in use in industry and the 
results obtained with them in judging 
the processing characteristics of uncured 
stocks. This kind of information will 
provide a basis for subsequent develop- 
ment of standard equipment and test 
procedures. The other new Subcom- 
mittee XXVII on Tests of Resilience, is 
under the chairmanship of E. G. Kim- 
mich and also has held its organization 
meeting. This subcommittee intends to 
develop standard definitions of terms, 
methods of tests, and specifications 
pertaining to resilience, damping, and 
dynamic stiffness of rubber and rubber- 
like materials. The subcommittee is 
currently engaged in developing suitable 
definitions of the terms used in connec- 
tion with resilience tests and has created 
a section which is studying the three 
main classifications of tests frequently 
used, namely, rebound, free vibration, 
and forced vibration. The subcom- 
mittee feels that siow-speed load-deflec- 
tion tests often referred to as “static” 
tests have little value in its work. 

There have been several changes of 
subcommittee chairmen during the year. 
A. M. Finley was appointed chairman of 
Subcommittee I on Hose replacing E. G. 
Kimmich who resigned to organize the 
new Subcommittee on Resilience. 
Gordon Thompson has accepted the 
chairmanship of Subcommittee IV cur- 
rently titled Protection of Persons from 
Electric Shock replacing H. S. Vassar 
who is retiring. R. H. Taylor has been 
appointed chairman of Subcommittee 


XIV on Abrasion Tests replacing G. S, 
Haslam who resigned because of his 
changed interests. The committee deep- 
ly appreciates the long and loyal service 
of the retiring chairmen and the willing 
cooperation of the new appointees. 
All of the subcommittees have been very 
active during the year but it is possible 
in this report to refer specifically to 
important work in progress in only a 
few of them. 

Technical Committee A on Automo- 
tive Rubber (W. J. McCortney, chairman, 
E. G. Kimmich, secretary).— Technical 
Committee A has held four meetings 
since the 1945 report and in addition, 
many of its sections have met separately 
throughout the year. These meetings 
have been very well attended indicating 
strong continuing interest in the work of 
this committee. Although, the com- 
mittee limits its work to automotive 
applications of rubber products, it co- 
operates with other Committee D-11 
subcommittees in promoting their work 
in the automotive industry. Thus, the 
A.S.T.M. Specifications for Cellular 
Rubber (D 798) developed by Subcom- 
mittee XXII have been approved by the 
Technical Committee and referred for 
publication by the Society of Automotive 
Engineers as well as A.S.T.M. Stand- 
ards for four types of fuel and oil hose and 
for a number of types of coolant hose 
have been established for the automotive 
industry. The rubber classifications de- 
veloped by the Technical Committee and 
published in the Specifications for Rub- 
ber and Synthetic Rubber Compounds 
(D 735) have continued to gain increas- 
ing acceptance in the automotive field. 
The committee is continuing to review 
these specifications and expects to recom- 
mend certain additional revisions in the 
near future so as to meet changed 
circumstances in the trade and to correct 
inadequacies. It should be remembered 
that these rubber classifications were 
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developed entirely- from the viewpoint of 
automotive use and in most cases, are 
not generally applicable to needs of other 
industries. However, these specifica- 
tions have been utilized by both the 
Army and Na\^ as a basis for their 
specifications on automotive require- 
ments. During the war, practically all 
effort of the committee has been directed 
tmvard helping the military forces with 
their automotive specifications and de- 
velopment problems. Appreciation of 
the 'work of the committee has been evi- 
denced by the citation of the committee 
and its members by the Navy Depart- 
ment for a distinguished service award. 
Cooperation with government agencies 
is continuing although the principal 
effort of the committee is now directed 
tow-ard peacetime uses. xA^dditional work 
is in progress in the committee on 
V-belts, hydraulic brake cups, gaskets, 
oil seals, engine mounts and other 
vibration insulators, bumpers, and ord- 
nance lubricating gun hose. 

Subcommittee XI on Chemical Analysis 
of Rubber Products (S. Collier, chair- 
man). — Further investigation is con- 
tinuing on methods of analysis of syn- 
thetic elastomers since the publication of 
the Tentative Methods D833.® Meth- 
ods of detection of elastomers which 
have been proposed have been evaluated 
for accuracy, speed, and ease of manipu- 
lation using individual elastomer stocks 
and mixtures. The more rapid spot tests 
are satisfactory for the detection of 
individual elastomers, but are useful for 
mixtures only in a limited number of 
cases. The slower pyrolysis tests are 
equally good for the detection of indi- 
vidual elastomers, and somewhat more 
useful than spot tests on certain mixtures. 
In general, natural rubber — GR-S mix- 
tures are difficult to identify as such, 
since the tests display the characteristics 
of the major component. The spot 


methods have possibilities for use in 
sorting scrap rubber. Work is also in 
progress on improved methods for the 
determination of sulfur. It is expected 
that this will eventually lead to revision 
of the present standard methods. 

Subcommittee XV on Aging Tests 
(H, E. Outcault, chairman). — This sub- 
committee has created four separate 
sections wffiich are investigating aging 
tests currently used and possible changes 
w'hich may be needed. One of these 
sections is studying methods of aging -the 
rubber-like material, polyvinyl chloride, 
and will seek the cooperation in- this of 
Committee D-20 on Plastics. Another 
section is investigating the present air 
oven testing methods and any changes 
that may be needed. The third section 
is studying aging data which have been 
accumulated on GR-S types of synthetic 
rubber and hopes to recommend im- 
proved methods for these materials. 
The fourth section is endeavoring to 
cover the broad field of the correlation 
and effect of various other miscellaneous 
properties of rubber and rubber-like 
materials upon their aging life. This 
work has a long range objective of 
covering thoroughly the problems in- 
volved in testing the aging life of many 
new t 3 '"pes of synthetic materials and 
should lead to very constructive revisions 
of present methods. 

Subcommittee X VII on Tests of Hard- 
ness^ Set, and Creep (L. V. Cooper, 
chairman). — This subcommittee is con- 
tinuing its investigation of the currently 
used methods of testing compression set 
with particular attention to the effect 
of the dift'erent variables involved. 
This work will undoubtedly result in 
some revision of the present procedures. 
The subcommittee is also giving atten- 
tion to a new type of durometer known 
as the Rex hardness gage which is finding 
considerable use replacing the Shore 
durometer. The committee finds that 
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the Rex gage is desirable because of its 
compactness and because it gives and 
holds the instantaneous hardness read- 
ing. Numerically, the readings are close 
to those obtained with the Shore durome- 
ter. On the other hand, it appears that 
the graduations of the Rex gage are too 
coarse, that the instrument cannot be 
satisfactorily calibrated by the user and 
that specific instructions for its use 
covering such points as a standard rate 
of application have not been developed. 
It is expected, howwer, that provision 
for the use of the Rex gage will be 
included in the present standard hardness 
testing methods in the near future. 
The subcommittee has also organized a 
Section on Creep Determination which 
has started work on methods of testing 
this important property. 

Stiicommittee XX on Adhesion Tests 
(A. H. Flower, chairman). — This sub- 
committee is starting a review of the 
adhesion test methods at present under 
its jurisdiction as well as an investigation 
of other adhesion methods used for the 
same purpose. It is also of the opinion 
that there could be better terminology 
for expressing the results in adhesion 
work and this subject will be given 
further study. In the testing of the 
adhesion of rubber to metal by the 
stripping method, the committee believes 
that an investigation should be made as 
to the effect of the position and angle 
of shear on the result of the test. A 
section has been organized to undertake 
this study. 

Subcommittee XXI on Tests of Liquid 
Rubber ■ Products (J. F. Anderson, chair- 
man),— The subcommittee has reopened 
the question of viscosity test methods 
for cements because it has learned ^ that 
present Standard Methods D 553 are 
now somewhat limited in use and many 
other methods are being employed. 
This whole field is again being surveyed 
and the most promising additional 


methods wiE be thoroughly investigated. 
The committee has also decided that the 
shear-type adhesion test which is given 
as method B in the Tentative Methods 
of Testing Rubber Adhesives (D 816) 
should be given further study and a 
special section has been appointed for 
this purpose. This subcommittee is 
now^ VQTy actively engaged in the develop- 
ment of classification tables for specifica- 
tion purposes covering cements, using a 
somewhat similar plan to that employed 
in the Tentative Specifications for Rub- 
ber and Synthetic Rubber Compounds 
for Automotive and Aeronautical Ap- 
plications (D 735). A proposed outline 
of such a specification has been prepared 
and a cooperative test program using 
specially prepared cements of known 
quality is being arranged for the purpose 
of establishing ranges and limits for the 
various specified values. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, Simon Collier. 
Vice-Chairman, H. E, Outcaiilt. 
Secretary, Arthur W. Carpenter, 
Menibers-at-Large of Advisory Sub- 
committee : 

L. V. Cooper, 

0. M. Hayden, 

R. A. Schatzel, and 
T, A, Werkenthin. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 156 members; 110 members 
returned their ballots, of whom 96 have 
voted affirmatively and 0 negatively, 

RespectfuEy submitted on behalf of 
the committee, 

Simon Collier, 
Chairman. 

Arthur W. Carpenter, 

Secretary. 
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Subsequent to the Annual Meeting, Committee B-il presented to the 
Society through the Administrative Committee on Standards the following 
recommendations : 

Revision of Tentative Specijicatiom for: 

Rubber Sheath Compound for Electrical Insulated Cords ^and Cables (D S32 -46T)j 
Insulated Wire and Cable: Ozone-Resistant Type Insulation (B 574-46T), 

Insulated Wire and Cable; Heat-Resistant Synthetic Rubber Compound (D 7S4-46T)» 
Insulated Wire and Cable: Performance Synthetic Rubber Compound {B 755-46 T), and 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound (D 27 -^ T). 

Revision of Teniatke Methods of: 

Testing Rubber Insulated "Wire and Cable (B 470- 46 T), 

Testing Rubber Hose (D 380 - 46 T), 

Testing Rubber-Coated Fabrics (B 751-46 T), and 

Identification and Quantitative Analysis of Synthetic Elastomers (D 833 -46 T). 

These recommendations were accepted by the Standards Committee on 
September 9, 1946, and the revised tentatives appear in the 1946 Book of 
A.S.T.M. Standards, Part III-B, bearing the designations indicated above. 

The emergency alternate provisions referred to earlier in the report were 
discontinued by action of the Standards Committee on September 9, 1946. 



REPORT OF COMMITTEE D-12^= 

ON 

SOAPS AND OTHER DETERGENTS 


No meetings of Committee D-12 on 
Soaps and Other Detergents were held 
during 1945 and the first meeting since 
1944 was held in New York, N. Y., on 
March 18 and 19, 1946. 

There have been a number of changes 
in membership and representatives. The 
committee now consists of 92 members, 
of whom 42 are classified as producers, 25 
as consumers, and 25 as general interest 
members. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, B. S. Van Zile. 

Vice-Chairman, F. W. Smither. 

Secretary, J. C. Harris. 

Advisory Committee: 

B. S. Van Zile J. B. Crowe 

W. G. Morse F. Krassner 

W. H, Koch M. L. Sheely 

C. C. Zeigler J, C. Harris 

F. W. Smither 


Recommendations Affecting 
Standards 

The committee is recommending revi- 
sions in one tentative, seven tentative 
revisions of standards, adoption of one 
tentative as standard, adoption of two 
tentative revisions of standards, with- 
drawal of nine emergency alternate pro- 
visions and reaffirmation of four existing 
standards. The standards affected are 
listed in Table I and the recommenda- 
tions are explained in the reports of the 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


subcommittees directly responsible for 
them. 

Activities of Subcommittees 

S'libcommiitee I on Methods of Testing 
(J. B. Crowe, chairman). — Section A on 
Methods of Soap Analysis (E. Randa, 
acting chairman) recommended that the 
Tentative Methods for the Analysis of 
Soap Containing Synthetic Detergents 
(D 820 - 45 T)^ be adopted as standard 
with the following editorial changes: 

Section 8{d ). — In the last sentence, 
after the word “cool” add the phrase “in 
a desiccator.’’ 

Section 18(d ).- — Change the first sen- 
tence to read as follows: “Evaporate on a 
steam bath until the odor of petroleum 
ether is no longer perceptible and then 
dry for | hr. in an oven at 105 zt 2 C.” 

The subcommittee recommended that 
the tentative revision^ of the Standard 
Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products 
(D 460 - 44) be adopted as standard. 
This revision covers the addition of a 
procedure for determining free alkali and 
potassium carbonate in potash paste 
soaps. 

Section A recommended the following 
editorial correction in the Standard 
Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products 
(D 460 - 44): 

Section 32(a ). — Change the formula 
for the calculation of the determination 

1 1945 Supplement to Book of A.S.T.M. Standards, 
Partin. 

2 1944 Book of A.S.T.M. Standards, Part III. 


424 



On Soaps anb Other Detergents 


425 


of rosin in soap from its present form: 
namely^ 

Ri X 1.064 X A 

to read: 

R. = i?2 X 1.064, 


TABLE I.— ANALYSIS OF LETTER BALLOT VOTE. 


Items 

i 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I, Re VISION o,F Tentative 
Def . of Terms Relating to Soaps 
and Other Detergents (D 459 - ^ 
45 T) 

54 

0 

12 

II. Tenative Revisions 

OE Standaeds 

Spec, for Milled Soap (D 455 - 
39) 

53 

0 

13 

Spec, for Chip Soap (D 496 - 39) . 
Spec, for Powdered Soap (D 498 - 
39) 

54 

0 

12 

54 

0 

12 

Spec, for White Floating Toilet 
Soap (D 499 - 39) 

53 

0 

13 

Spec, for Olive Oil Solid Soap 
(D 592 - 42) 

53 

0 

13 

Spec, for Olive Oil Chip Soap 
(D 630 - 42) 

S3 

0 

13 

Spec, for Chip Soap with Rosin 
(D 690 - 44) 

53 

0 

13 

III. Adoption of Tentative 
AS Standard 

Chemical Analysis of Soaps Con- 
taining Synthetic Detergents 
(D 820 - 45 T), as revised. . . . 

56 

0 

10 

IV. Adoption as Standard 

OF Tentative Revisions 

OF Standards 

Chemical Analysis of Special 
Detergents (D 501 - 44) 

56 

0 

10 

Chemical Analysis of Soap 
(D 460 - 44) 

55 

0 

11 

V. Reaffirmation of Existing 
Standards 

Spec, for Caustic Soda (D 456 - 
39) 

57 

0 

9 

Spec, for Modified Soda (D 457 - 
39) 

56 

0 

10 

Spec, for Soda Ash (D 458 - 39). . 

57 

0 

9 

Spec, for Ordinary Bar Soap 
(D 497-39) 

53 

1 

3 


Section 59(b ). — Change the starch fac- 
tor from “0.90” to read “0.93.” 

Section C of Subcommittee I and Sec- 
tion D of Subcommittee II on Dry Clean- 
ing Detergents (G. P. Fulton, chairman) 
reported that an effort will be made to 
enlist the cooperation of manufacturers 
of dry-cleaning soaps and it is intended to 
draw up a classification of various types 
of dry-cleaning soaps to arouse interest in 


the w^ork of the section to aid in the 
preparation of tentative specifications. 

Section D on Special Detergents (W. 
H. Koch, chairman) reported that the 
preparation of analytical methods will be 
initiated for sodium bicarbonate and 
borax. 

The section recommended that the 
tentative revision^ of the Standard Meth- 
ods of Sampling and Chemical Analysis 
of Special Detergents (D 501 - 43) be 
adopted as standard. 

Section E on Physical Testing (J. A. 
Woodhead, chairman) reported consider- 
able interest in the development of a 
standard method for determining deter- 
gency, but that no unaniminity of opin- 
ion W'as developed. A survey of the 
literature will be made with the object of 
reducing the numerous methods to a 
series of factors or to a few methods more 
amenable to control. This survey can 
serve as the ground work upon which it is 
hoped a standard detergency test may be 
developed. 

S'libcofnmittee II on Specifications (F. 
W. Smither, chairman). — Section A on 
Soap Specifications (Frederick Krassner, 
chairman) is now the consolidated com- 
mittee which heretofore comprised Sec- 
tions on Straight, Built and Textile 
Soaps. Consideration ivas given to the 
disposition of the emergency alternate 
provisions which, even though declared 
eliminated after July 1, 1946, by the 
Executive Committee of the Society, are 
yet required in view of the demands of 
the present situation. The specifications 
involved are those for Milled Toilet Soap 
(D 455 -39), Chip Soap (D 496 -39), 
Powdered Soap (D 498 - 39), White 
Floating Toilet Soap (D 499-39), Olive 
Oil Solid Soap (D 592 -42), Salt-Water 
Soap (D 593 -42), and Olive Oil Chip 
Soap (D 630 - 42). It was recommended 
that these emergency alternate provi- 
sions^ be published as tentative revisions 
of the standards. Further recommenda- 
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tions were that the matter insoluble 
in water be changed for white floating 
soap (D 499 - 39) from ^^0.2 per cent’’ to 
“0.4 per cent” and for milled toilet soap 
(D 455 *”39) from “'0.4 per cent” to 
“0.6 per cent.” 

The subcommittee recommended that 
the foEowing tentative revision in the 
Standard Specifications for Compound 
Chip Soap (With Rosin) (D 690 - 44)^ be 
accepted: 

Section 3. — Change the percentage of 
matter volatile at 105 C. from “12 per 
cent” to read “15 per cent.” 

Section F on Special Detergents (C, C. 
Ziegler, chairman) recommended that 
since the following specifications still rep- 
resented general practice and required no 
revision they should be reapproved: 

Specifications for: 

Soda, Caustic (D 456 - 39), 

Soda, Modified (Sesquicarbonate Type) I) 457 - 

39) 

Soda Ash (D 458 - 39), and 
Ordinary Bar Soap (D 497 -39). 

Section G on Metal Cleaners (J. C. 
Harris, chairman) reported that the 
suggested immersion corrosion test for 
aluminum cleaners is to be revised, A 
test will be developed to demonstrate the 
corrosive effect of residual cleaner. It 
was proposed that the immersion corro- 
sion test be subjected to cooperative 
evaluation. 

Subcommittee III on Nomenclature and 
Definitions (C. A. Marlies, chairman) 
recommended that the Tentative Defini- 
tions of Terms Relating to Soaps and 
Other Detergents (D 459 - 45 T)^ be 
revised as follows: 

Soap. — In Note {c) delete the word 
“physical.” 

Penetrating Agents Surface Active 
Agentj and Wetting Agent. — In each of 
these three definitions change “com- 
position” to read “material.” 


Change the following definitions to 

read: 

Dry Cleaning. — Cleaning fabrics in a siibstan- 
tially nonaqueous liquid medium. 

W ashing. — Cleaning in a liquid medium. 

Wet Cleaning. — A term used in the dry clean- 
ing industry to denote cleaning in an aqueous 
medium. 

New Definitions. — Add the following 
as new definitions: 

Buffer Action. — The resistance of a solution 
to change in pH. 

Dispersing Agent. — A material which in- 
creases the stability of a suspension of particles in 
a liquid medium. 

Emulsifying Agent. — A material which in- 
creases the stability of a dispersion of one liquid 
in another. 

Subcommittee IV on Papers and Pub- 
lications (W. H. Koch, chairman) de- 
cided after much discussion that the 
paper by W. G. Morse on “Cleaning and 
Cleaning Materials” because of its con- 
troversial nature should perhaps be pub- 
lished under the auspices of the National 
Association of Purchasing Agents. 

A paper by J. C. Harris on “The Eval- 
uation of Surface Active Agents”^ was to 
be revised and submitted to the Societ}^ 
for publication. 

The special compilation “A.S.T.M. 
Standards on Soaps and Other Deter- 
gents,” was reissued in September, 1945, 
in which, in addition to the usual stand- 
ards and tentatives, there are included 
tentative methods for the chemical 
analysis of soap containing synthetic de- 
tergents, chemical analysis of special de- 
tergents, chemical analysis of sulfoiiated 
oils, and the analysis of industrial metal 
cleaning compositions. As additional 
information there is included an Anno- 
tated Bibliography of Aluminum Clean- 
ing brought up to date by the authors, 
J. C. Harris and R, B. Mears. 

■* ASTM BULI.ETIN, Am. Soc. Testing Mats., No. 140, 
May, 1946, p. 76. 
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This report lias been submitted to 
letter ballot of the committeej which 
consists of 92 members; 57 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 

the committee, 

B. S. Van Zile, 
Chairman. 

J. C, Harris, 

Secretary. 


Editorial Note 

The emergency alternate provisions mentioned earlier in the report were 
discontinued by action of the Standards Committee on September 9, 1946. 




REPORT OF COMMITTEE D43^ 


ON 

TEXTILE MATERIALS 


Committee D-13 on Textile Materials 
held one meeting during the year in New 
York, N. Y., on March 13 to 15, 1946. 
The usual fall meeting was canceled on 
account of the difficulty of securing 
adequate hotel accommodations. The 
registered attendance of 222 members 
and guests indicated that interest in the 
work of the committee had not waned 
even after a lapse of seventeen months 
since the last meeting. The Advisory 
Committee and twenty of the subgroups 
of Committee D-13 held meetings to 
consider work which had been carried on 
by correspondence, and to lay plans for 
future activities. 

The following changes have been made 
in the organization of Committee D-13: 
in Subcommittee A-1, Section V on 
Heavy Cotton Woven Fabrics has been 
discontinued and its field combined with 
that of Section III, the title of which is 
changed to Section III on Cotton 
Woven Fabrics; in Subcommittee A-8, 
Section IV on Chemical Tests has been 
discontinued, but a Section V on Abra- 
sion and a Section VI on Sizing have been 
added; Subcommittee C-2 on Papers and 
Publicity has been divided into two parts 
to be known as Subcommittee C-2 on 
Papers and Subcommittee C-4 on Pub- 
licity; a new Subcommittee C-5 on 
Significance of Tests has been authorized. 

Dean Harvey, who has retired from 
active business, has been elected an 
honorary member of Committee D-13 
in recognition of his long, faithful, and 
efficient service to the committee. 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24r28p 1946. 


L. S. Converse, a member of Committee 
D-13, is serving as a consultant to the 
Society’s new Committee E-9 on Fatigue. 

Originating from an inquiry by the 
Technical Committee of the Institute 
of Carpet Manufacturers for methods of 
test of kraft paper yarns. Committee D-6 
on Paper and Paper Products has indi- 
cated its feeling that Committee D-13 
should undertake the development of 
such methods. This project has been 
assigned to Subcommittee i\-3, Section 
IV on Pile Floor Coverings, since such 
yarns find limited use by the manu- 
facturers of floor coverings. 

A study has been initiated looking to 
the general improvement of the stand- 
ards sponsored by Committee D-13. 
Attention will be focused upon securing 
a more carefully defined content of 
“scope” clauses, and upon recognizing 
and setting up the general content of a 
standard in a more logical manner. 
This study has been assigned to Sub- 
committee B-S on Sampling, Presenta- 
tion and Interpretation of Data, 

Recommendations Affecting 
Standards 

' Committee D-13 is presenting for 
publication as tentative two new meth- 
ods of test and is recommending the 
revision of five tentatives, revision of two 
standards and reversion to tentative, 
tentative revisions of four standards, 
revision for immediate adoption of one 
standard, adoption as standard of three 
tentatives, withdrawal of two emergency 
alternate provisions, and the reapprovai 
428 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items, 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

'•Not 

Voting” 

I. New Tentatives 

Tests and Tolerances for Rayon 
Tire Cord. . 

i 

58 j 

5 

115 

Test for Compatability of Glass 
Yarn with Insulating Varnish. 

32 j 

0 

146 

II . Revisions of Tentatives 
S pec, for Woven Asbestos Cloth 
(D 677 " 42 T) 

1 

38 

0 

140 

Testing and Tole,raiices for 
Glass Yarn (D 578 - 44 T) ..... 

44 

0 

134 

Quantitative Analysis of Textiles 
(D 629 - 42 T) , 

1 134 

0 

44 

Def. of Terms Relating to Textile 
Materials f.D 123 - 45 T) 

i 

142 

4 

32 

Rec, Practice for a Universal 
System of Yarn Numbering 
(i) 861~-45T) ; 

119 

6 

53 

III. Revision of Standard and 
Reversion to Tentative 
T esting and Tolerances for Tire 
Cord, Woven and on Cones 
(D 179 - 42) ... . : 

57 

3 

118 

Testing and Tolerances for Con- 
tinuous Filament Rayon Yarns 
(D 2SS - 44) 

75 

1 

102 

IV. Tentative Revisions of 
Standards 

Test for, Fineness of Wool (D 
419-44) 

61 

0 

117 

Spec, and Test for Fineness of 
Wool Tops (D 472 - 41) 

58 

0 

120 

Test for .Hard Scoured Wool in 
Wool in the Grease (Labora- 
tory Scale Operations) (D 584 - 
43) , 

55 

0 

123 

Spec, for Textile Testing Ma- 
chines (D 76 - 45) ■ 

116 

1 

61 

V. Adoption of Tentatives as' 
Standard 

Testing and Tolerances for Rope 
(Leai and Bast Fibers) (D 738 - 
45 T) 

39 

1 

138 

Testing and Tolerances for Spun, 
Twisted, or Braided Products 
Made from Flax, Hemp, Ramie, 
or Mixtures Thereof (D 739 - 
45 T) 

44 

0 

134 

Test for Air Permeability of 
Textile Fabrics (D 737 - 43 T) 

80 

0 

98 

VI. Revisions of Standards, 
Immediate Adoption 
T esting and Tolerances for Knit 
Goods (D 231 - 39) 

57 ' 

0 

121 

VII. Reaffirmation of Stand- 
ards 

Spec, and Test for Osnaburg 
Cement Sacks (D 205 - 39) 

29 

1 

148 

Spec, and Test for Cotton Goods 
for Rubber and Pyroxylin 
Coating (D 334 - 40) 

55 

0 

123 

Testing and Tolerances for 
Certain Carded Cotton Gray 
Goods (D 433 - 39) 

62 

0 

116 

Spec, for 0.007-in, Cotton Tape 
for Electrical Purposes (D 335 - 
36) 

30 

0 

148 

Test for Strength of . Rayon 
Woven Fabric ivhen Wet 
(D 415-38) 

74 

0 

104 

Test for Maximum Residual 
Shrinkage of Silk and Rayon 
Woven Fabrics (D 416 - 39), . . 

63 

4 

111 

Test for Fiber Length of Wool 
(D 519 - 40) 

59 

0 

119 

Spec, for Terry (Turkish) Towel- 
ing (D 505 -40) 

43 

1 

134 


Materials 

of eight standards which have stood six 
years without revision or reaffirmation. 

■ The revisions being presented are 
given in detail in the Appendix and are 
referred to, where necessaryj under the 
subcommittee activities. The new 
tentatives and existing standards affected 
are listed in Table I. * 

These recommendations have been 
submitted to letter ballot of the com- 
mittee, which consists of 306 members, 
with the results shown in Table I. 

. Activities oe Subcommittees 
Many important projects are under 
consideration and are mentioned briefly 
in the following sumniar}^ of subcom- 
mittee activities. 

Suhcommittee A-1 on Cotton and Its 
Products (K. B. Cook, chairman): 
Section I on Cotton (M, E. Campbell, 
chairman) is undertaking an exhaustive 
study of the Tentative Genera! Methods 
of Testing Cotton Fibers (D 414 ~ 40 T) 
with a , view to revision of present 
methods where needed and the addition 
of new methods. The section is recom- 
mending, as an editorial change, that the 
requirement for capacity of the tension 
testing machine be changed from “150 
lb.’’ to “300 lb.” in Section 24 (a), on 
Tensile Strength. 

Section II on Cotton Yarns and Threads 
(W. R. Marsden, chairman) has under 
way a thorough revision of Standard 
General Methods of Testing and Toler- 
ances for Cotton Yarns (D 180-44). 

Section III on Cotton Woven Fabrics 
(R. T. Fisher, chairman) now has 
jurisdiction over both light- and heavy- 
woven cotton fabrics. The following 
standards having been reviewed andi 
found to be in accord with present 
practice are recommended for reap- 
proval: 

Spec, and Methods of Test for Osnaburg Cement 
Sacks (D 205 - 39) , 

Spec, and Test for Cotton Goods for Rubber and 
Pyroxj^lin Coating (D 334 - 40), and 
Testing and Tolerances for Certain Carded Cot- 
ton Gray Goods (I) 433 - 39). 
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Section IV on Tire Fabrics (F, C. 
Kennedyj chairman) recommends for 
publication the proposed Tentative 
Methods of Testing and Tolerances for 
Rayon Tire Cord;^ also, a complete 
revision of the Standard Methods of 
Testing and Tolerances for Tire Cord, 
Woven and on Cones (D 179-42) and its 
reversion to^ tentative. The revised 
method is appended hereto.^ 

The section is giving consideration to 
a microscopic method for gage deter- 
mination and to certain methods de- 
signed for commercial acceptance tests. 

Section V on Heavy Cotton Woven 
Fabrics has been discontinued and its 
activities combined with Section III. 

Section VI on Narrow Fabrics (F. S. 
Mapes, chairman) recommends the re- 
approval of Standard Specifications D 
335 as being in accord with present 
practice. 

The section is studying the standard- 
ization of woven cotton tapes and tubular 
sleevings and braids, the need for test 
methods or standards for fastner tapes, 
and the inclusion of tapes made from all 
fibers, (except asbestos and glass) in 
Standard Methods of Testing and Toler- 
ances for Woven Tapes (D 259 ~ 44). 
Subcommittee A-2 on Rayon and Its 
Products (A, M. Tenney, chairman): 
Section I on Rayon (J. B. Goldberg, 
chairman) recommends the revision and 
reversion to tentative of the Standard 
Methods of Testing and Tolerances for 
Continuous Filament Rayon Yarns (D 
258 - 44) as appended hereto.^ 

Section II on Rayon Fabrics (G. H. 
Ho tte, chairman) recommends the re- 
approval of Standard Methods D 415 and 
D 416 as being in accord with present 
practice. 


1 These methods were accepted as tentative by the 
Society and appear in the 1946 Book of A.S.T.M. Stand- 
ards, .Part III-A, 

These revised methods were accepted by the Society 
and appear in the 1946 Book of A.S.T.M. Standards. 
Partm-A..v 


Subcommittee on IVool and Its 

Products (A. G. Ashcroft, chairman): 

Section I on Wool (Werner von Bergen, 
chairman) has recommended tentative 
revisions in the Standard Methods 
D 419, D 472, and D 584 as given in 
Appendix I. 

The- section recommends the reap- 
proval of the Standard Method of Test 
for Fiber Length of Wool (D 519 - 40) as 
being in accord with present practice. 

Studies are being conducted on im- 
proved methods of measuring fineness 
and on problems related to shrinkage. 

Section II on Felt (G. H. Hamden, 
chairman) recommends that the present 
tentative revisions of the Standard 
Methods of Testing Wool Felt (D 461 - 
45) be continued as tentative pending 
further study. 

This section is working on the follow- 
ing projects: machines and methods for 
measurement of hardness, compressi- 
bility, and compressional resilience of 
pressed felts, tests for flame resistance, 
nomenclature and specifications for roll 
and sheet felts, and methods of analysis 
for synthetic fibers in felts. 

Section III on Woolen and Worsted 
Yarns (Fred Noechel, chairman) has 
presented an editorial change, as given 
in Appendix I, in Standard Methods 
D 403 and D 404, calling attention to 
proposed trade practice rules regarding 
moisture regain for handknittiiig yarns. 

The section is studying the require- 
ment for the number of specimens to be 
taken for the various tests. 

Section IV on Pile Floor Coverings 
(G. Y. Jean, chairman) is studying the 
following projects: methods for evalua- 
ting intangible factors of luxury, wear 
testing, development of test methods for 
kraft cord, and method of measurement 
to tuft length. 

Section V on Woolen and Worsted 
Fabrics (J. N, Dalton, chairman) is 
working on revisions of Standard Meth- 
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ods of Testing and Tolerances for 
Certain Wool and Part Wool Fabrics 
(D 462 - 44) which would specify the 
number of specimens for strength tests 
and add a ■ method for determining 
shrinkage in laundering. Standard D 
462 is. being editorially revised to limit 
the shrinkage in sponging test to London 
shrunk fabrics. 

Subcommittee A-4 on Asbestos and Its 
Textile Products (F. S. Mapes, chair- 
man) : 

This subcommittee recommends that 
Tentative Specifications D 677 be re- 
vised as given in Appendix I, and that 
the Emergency Alternate Provision 
EA '“ D 375 wfiiich suspended require- 
ments for magnetic rating in asbestos 
roving be withdrawn. 

Projects before the subcommittee are: 
determination of theoretical weight of a 
cloth from cloth count and yarn weight, 
method of test or check for magnetite, 
and determination of asbestos content 
in high quality mixes. 

S-uhcomniUtee A-5 on Bast and Lea] 
Fibers and Their Products (S. J. Hayes, 
chairman) : 

This subcommittee has recommended 
for adoption as standard the Tentative 
Methods D 738 and D 739. • 

The subcommittee also recommends 
that the Tentative Methods of Testing 
and Tolerances for Jute Rove and Plied 
Yarn for Electrical and ■ Packing Pur- 
poses (D 681 ™ 42 T) be continued as 
tentative pending completion of a study 
on extraction methods. 

Subcommittee A-6 on Garment and House- 
hold Fabrics (Ruth O’Brien, chairman) : 
This subcommittee has been inactive 
during the war period and will now’ renew 
its study of the various standards under 
its jurisdiction. , Tt is, therefore, re- 
commended that the Tentative Specifi- 
cations for Bleached Wide Cotton Sheet- 
ing (D 503 " 40 T), for Bleached Cotton 
Broadcloth (D 504 - 41 T), for All-Wool, 


Ail-Cotton, and Wool and Cotton Blan- 
keting (Household) (D 576 - 40 T), for 
Medium- Weight Cotton Corduroy Fab- 
rics (D 625 ” 41 T), and forFiiiislied, 
Ali-Cotton, Upholstery Tapestries (D 
678 ~ 42 T) be continued as tentative 
pending their study by a special 
committee. 

The section recommends the reap- 
proval of the Standard Specifications for 
Terry (Turkish) Toweling (D 505 - 40) 
as being in accord w’ith, present practice. 
Subcommittee on Glass Fiber and 

Its Products (F. S. Mapes, chairman): 

This subcommittee is recommending 
the new Tentative Method of Test for 
Compatibility of Glass Yarn wdth In- 
sulating Varnish.'^ 

The subcommittee also recommends 
that Tentative Methods D S'78 be 
revised as given in Appendix I. 

Projects before the subcommittee are: 
twist test procedure, effect of tension in 
winding on weight of glass yarn, effect of 
jaws on breaking strength of glass yarn, 
determination of sizing properties, statis- 
tical sampling methods, suitability of 
present test methods for staple fiber 
products, and preparation and handling 
of specimens for breaking strength. 
Siihcomnvittee B-1 on Methods and 

Machines (W. D. Appel, chairman): 

Section I on Methods (W. D. Appel, 
chairman) recommends the adoption as 
standard of Tentative Methods D 737. 

The section is also recommending the 
withdrawal of 'EA - D 231, and for 
immediate adoption, a revision, as given 
in the Appendix, of the Standard Meth- 
ods of Testing and Tolerances for Knit- 
ted Goods (D 231 - 39) wEich eliminates 
the requirement for a specific type of 
extraction apparatus. 

The section recommends that the 
Tentative Methods of' Quantitative 
Analysis of Textiles (D 629 ~ 42 T) be 
revised as^given in^ Appendix II. 
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• The following standards have been 
reviewed and since revisions are pending, 
it is recommended that they be retained 
in their present status; Standard General 
Methods of Testing Woven Textile 
Fabrics (D 39 - 39), Tentative Methods 
for Identification of Fibers in Textiles 
(D 276 “ 43 T), and Tentative Method 
■ of Test for Colorfastness to Atmospheric 
Gases of Dyed Cellulose Acetate Rayon 
(D 682 - 42 T). 

The section has under consideration 
the following projects: hand and draping 
qualities of soft woven fabrics, yarn 
numbers in fabrics, accelerated aging, 
wear testing machines and procedures, 
soiling properties, basic fiber properties, 
clamps for strength testing, effective 
gage length in elongation tests, and test 
methods for elastic fibers. 

Section II on Machines (H. J. Ball, 
chairman) recommends a tentative re- 
vision of the Standard Specifications for 
Textile Testing Machines (D 76 “ 45), 
adding a procedure for verification of 
recorded elongation and to permit jaw 
gripping surfaces greater than 1 in. par- 
allel to the direction of load application, 
as given in Appendix I. 

This section is continuing the study of 
jaws and clamps. 

Section III on Atmospheric Conditions 
(R. H. Brown, chairman) is studying 
drying ovens with a view to drafting 
drying oven specifications. 

Subcommittee B-Z on Nomenclature and 

Definitions (A. G. Scroggie, chairman) : 

This subcommittee is recommending 
a revision of the Tentative Definitions of 
Terms Relating to Textile Materials 
(D 123 - 45 T) which withdraws the 
definition of protan and adds several 
new definitions in Part A and additional 
fibers in Part B as appended hereto.^ 

The subcommittee also recommends 
that the Tentative Recommended Prac- 
tice for a Universal System of Yarn 


Numbering (D 861 - 45 T) be editorially 
revised as appended hereto.- 
Subcommittee B-4 on Bleaching^ Dyeing^ 
amd Finishing , — The work of this sub- 
committee has been slowed up through 
the resignation of J, Robert Bonnar, 
acting chariman. It is recommended 
that, pending renewal of activity, the 
following tentatives be retained in their 
present status: 

Tentative Specifications for: 

Fire-Resistant Properties of Treated Textile 
Fabrics (D 626 - 41 T), 

Tentative Methods of Test for: 

Volumetric Determination of Small Amounts of 
Copper in Textiles (D 463 - 37 T), 

Apparent Fluidity of Dispersions of Cellulose 
Fibers in Cuprammoniiim Hydroxide (D 539 - 
40 T), 

Resistance of Textile Fibers to Water (D 583 - 
40 T), 

Evaluating Compounds Designed to Increase 
Resistance of Fabrics and Yarns to Insect 
Pests(D627-41 T), and 
Identification of Finishes on Textiles (D 683 - 
42 T). 

Subcommittee B-5 on Samplings Presenta- 
tion, and Interpretation of Data (0. 
P. Beckwith, chairman): 

This subcommittee is actively engaged 
in assisting other subcommittees in 
developing statistical^ the number of 
tests required in various methods for 
desired degrees of precision. A study of 
Committee D-13 standards with a view 
to their improvement has been 
inaugurated. 

The following officers were elected at 
the March, 1946, meeting for the two- 
year period from June, 1946, to June, 

1948: 

Chairman, H. J. Ball. 

First Vice-Chairman, A. G. Scroggie. 
Second Vice-Chairman, Martin 

Castricum, 

Secretary, W, H. Whitcomb, 
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This report has been submitted to 
letter ballot of the committeCj which' 
consists of 306 members; 178 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 

the committee, 

H. J. Ball, 
Chairman. 

W. H. Whitcomb, 

Secretary. 




Editorial Note 

The emergency alternate provisions, EA-D 231 and EA-D 375, mentioned 
earlier in the report, were discontinued by action of the Standards Committee 
on September 9, 1946. 




APPENDIX 


RECOMMENDATIONS AFFECTING STAND ARDS. ON TEXTILE 

MATERIALS 


In tb.is Appendix are given proposed 
revisions in certain standards and tenta- 
tives covering textile materials, which are 
referred to earlier in this reports These 
standards and tentatives appear in their 
present form in the 1944 Book of A.S. 
T.M. Standards, Part III, and the 1945 
Supplement, Part III. 

Revisions of Tentatives 

Tentative Specifications for Woven As- 
bestos Cloth (D 677 42 T): 

Table I . — Change to read as shown in 
the accompanying Table I. 


TABLE 1,—PHYSICAL PROPERTIES AND 
AVAILABLE GRADES OF ASBESTOS 
CLOTH. 


Weight, lb. per sq. yd. 

Thickness,® in. 

Construc- 
tion, yarns 
per in. 

Yarn 

Number 

Available 

Grades 

Warp 

Filling 

Warp 

Filling 

Commercial 

Undenvriter’s 


AA 

AAA 

1.00 

0.030. ... 

16 

13 

18/2 

18/1 


X 




1.05 

0.030.... 

21 

15 

28/2 

28/2 


X 




1.25 

0.035.... 

28 

IS 

28/2 

28/2 


X 




1.35 

0.040.... 

16 

14 

18/2 

18/2 


X 




1.50 

0.050.... 

20 

14 

18/2 

18/2 


X 

i 



1.65 

0.055. ... 

.14 

14 

14/2 

14/2 

X 

X 

X 

X 

X 

1.75 

0.060.... 

26 

13 

18/2 

18/2 

X 

X 




1.80 

0.063. . . . 

20 

10 

14/2 

14/2 

X 

X 

i X. 

X 

X 

2.15 

0.065. ... 

20 

10 

12/2 

12/2 

X 

X 

X 

X 

X 

2.25 

0.070. . . . 

18 

8 

10/2 

10/2 

X 

X 

X 

X 

X 

2.50 

0.075. . . . 

20 

9 

10/2 

10/2 

X 

X 

X 

X 

X 

3.10 

0.100.... 

18 

9 

10/3 

10/2 

X 

X 

X 

X 



° The thickness as indicated applies to Commercial and 
Underwriter’s grades only. It does not apply to grades 
with higher asbestos content, due to manufacturing vari- 
ables not introduced in Commercial and Underwriter’s 
grades. * • 

'Tentative- Methods of Testing and 
Tolerances for Glass Yarn (D 578 - 
' 44T): , ^ 


Section 10. — Change Paragraph (c) 
to read as follows, and delete Paragraph 

(d): 

(c) Number of Tests, Single and Plied Yarns . — 
Each iot shall be tested by taking three packages 
from one of each five containers. Three twist 
tests shall be made on each package. The aver- 
age of the nine tests shall represent the number of 
turns per inch of the yarn in that container. If 
any container fails to meet a specified twist or 
number of turns per inch, all containers of that 
group of five shall be tested. 

Tentative Methods of Quantitative Anal- 
ysis of Textiles (D 629 ~ 42 T) : 

It is recommended that the procedure 
for microscopic analysis described in 
Section 15 be extensively revised as 
shown in Appendix II. 

Tentative Revisions' of Standards 

Standard Methods of Test for Fineness 
of Wool (D 419-44): 

Section 5. — Add the subtitle 
Long-Fiber Method. — ” at the beginning 
of the present section. Add new Para- 
graphs {b) to {d) to read as follows: 

(b) The measurement of the fibers shall be 
made by two operators, each measuring one half 
of the number of fibers required for the test, and 
the result for each set determined. The average 
of the two results shall be the value for the deter- 
mination, provided that the difference between 
this average and each operator’s result is not 
greater than 3 per cent of the average value. If 
the difference is greater than 3 per cent, the test 
shall be repeated and the average of ail the tests 
shall be taken as the value for the determination. 

Note: Example. — The results obtained by 
two operators each measuring 300 fibers are: 
21.5 u and 22.9 /a. These results differ from the 
average value, 22.2, by 0.7 ju, which is more than 
0.666 ju or 3 per cent of the average value. A 
second test is necessary and each operator meas- 

434 


iSee p. 428. 
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ures 300 additional fibers. The results obtained 
are: 21.9 /x and 22.3 ju. The average of all four 
testSj 22.2 ju, is accepted as the value for the 
determinatioii. 

(c) For a comparison of two lots, the pro- 
cedure described in Paragraph (b) shall be fol- 


differ by 0.7 /x which is more than 0.681 /x or 3 
per cent of the average value, 22.7 Real dif- 
ferences in quality of these two lots may be 
considered to exist since the values differ by 
more than 3 per cent of the average, and the 
values fall within different grade ranges. 



(a) Arrangement of Fine Fibers on Slide (SOOX) . 



(6) Arrangement of Coarse Fibers on Slide (SOOX) • 

Fig. 1. — Dispersion of Fibers, Short-Fiber Method. 


lowed for each lot. Real differences in quality 
between the lots may be considered to exist when 
the lot values differ from each other by more than 
3 per cent of the average and the lot values fall 
within different grade ranges. 

Note* MixaMpls* — -The results obtained from 
two lots are: 23.0 m and 22.3 m- These values 


(d) Short-Fiber Method,--Th& test specimen 
may be prepared by the following short-section 
method: By means of a cross-sectioning device 
capable of holding a sample having the approxi- 
mate thickness of a top sliver or card sliver, a 
section of about 75 ju in length shall be made and 
embedded in a film of collodion or similar mate- 
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rial. This pane of fibers shall be placed on a 
slide and touched with one or two drops of butyl 
acetate, and then, using a dissecting needle, the 
film shall be broken up and the fibers spread by 
stirring. As the butyl acetate evaporates, the 
slide shall be tapped occasionally to facilitate 
dispersion of the fibers. The adherent film, 
when dry, shall be covered with 2 or 3 drops of 
mineral oil and a cover glass. The fibers should 
be dispersed on the finished slide in the general 
manner shown in Fig. 4 (the accompanying Fig. 
1). The specimen shall be measured in accord- 
ance with Paragraphs (a) to (c), except that the 
fiber shall always be measured at the mid-point. 

Standard Specifications and Methods of ■ 
Test for Fineness of Wool Tops 
(D 472 - 41) : , 

Section P.~— Change the title of this 
section to read “Test Specimen Prep- 
aration.^’ 

Section ii9.— Make the same additions 
to this section as recommended above 
for inclusion in Section 5 of Standard 
Methods D 419 - 44. 

Standard Method of Test for Hard , 
Scoured Wool in Wool in the Grease ■■ 
(Laboratory Scale Operations) (D 584- 
43): ^ ■ 

Section 9. — Change to read as follows: 

9. A 3 to 5-g. portion, accurately weighed, of 
oven-dry scoured wool from each test specimen 
and from the tags shall be taken. Each portion 
shall be ignited to constant weight in a tail-form 
porcelain or vitreous silica crucible having the 
following dimensions: height, 60 mm.; top diame- 
ter, 50 mm,; bottom diameter, 25 mm. 

Note.— Wool is likely to swell and froth when 
heated. To avoid loss, the sample may be 
burned in small portions, or it may be moistened 
with saturated solution of ammonium m*trate in 
alcohol (67 per cent), or it may be heated simul- 
taneously at the top and bottom by a pair of gas 
burners. 

Standard Specifications for Textile Test- 
ing Machines (D 76 - 45) : 

Section 2.— Add the following sentence 
to Note 1 under this section: “Electronic 
controls have been devised by means of 
which a constant-rate-of-traverse ma- 


chine can also be operated on the 
constant-rate-of-load principle.” 

New Section, — Add new Section 6 on 
verification of recorded elongation, to 
read as follows: ■ 

6. Verification of Recorded Elongation, — This 
section provides a procedure for verification of 
recorded elongation which is applicable to ten- 
sion testing machines of either the coiistant-rate- 
of- traverse or constant-rate- of-load class. Pos- 
sible causes of error in recording elongation are 
given in Section 7. 

(a) The clamps of the testing machine shall 
be returned to their normal positions for the 
start of a test. A chart shall be placed in the 
holder and its position adjusted so that the pen 
indicates zero load and zero elongation (Note 1), 
The distance between the butts of the clamps (or 
some other bench marks) shall be measured to 
the nearest 0.01 in. (Notes 2 and 3). This dis- 
tance shall be designated as Cn (normal clamp 
distance). 

Note 1, — On machines having a specific loca- 
tion for the chart as determined by supports, 
the chart shall be placed in its proper location 
and the pen adjusted to record zero load and 
zero elongation. 

Note 2. — ^Tlie distance can be measured con- 
veniently by means of a pair of calipers and a 
steel rule graduated to 0.01 in. A cathetometer 
of equal precision may be used if desired. 

Note 3. — Attention is called to the fact that 
the length of a specimen actually stretched is 
usually somewhat greater than the original speci- 
men length measured nip-to-nip of the jaws. 
Elongation calculated on initial length accord- 
ingly may be somewhat in error depending on the 
length of specimen which is actually stretched, 
that is, effective gage length. 

(b) The machine shall be operated without a 
specimen in order to register increasing elonga- 
tion at zero load. If the chart is properly located 
in the holder, the pen line obtained m this test 
will be superimposed on the axis of the chart 
showing zero load and variable elongation. If 
this condition is not realized, the chart shall be 
adjusted until it is properly located. 

Note 4.—lf the pen is set slightly to one side 
of the axis line, any deviations from the parallel 
condition can be detected somewhat more readily 
than when the pen line is superimposed on the 
ruled axis line. 

(c) With the chart properly adjusted and 
without a specimen in the clamps, the machine 
shall be operated until the pen indicates an elon- 
gation of 1 .0 in. (Note 5) . The distance between 
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the bcQcli marks on tlie clamps shall be deter- 
mined to the nearest 0.01 in. This distance 
should be equal to Cn plus the elongation re- 
corded on the chart. 

Note 5. — For incline plane testing machines, 
the plane -should be left in the starting position 
and the carriage traversed by hand. After 
reaching the desired elongation, the carriage 
must be blocked to prevent any change in the 
position of the pen. 

(d) This operation shall be repeated with 
elongations corresponding to 2.0 and 3.0 in. 
(Note 6). 

Note 6 . — It is not essential to use elongations 
of exactly 1.0, 2.0, and 3.0 in. as long as the 
proper increment is obtained. Thus, an indi- 
cated elongation of 1.4 in. on the chart should 
accompany a separation of the clamps by 1.4 in. 

(e) Any discrepancy between the recorded 
elongation and the actual increase in distance 
between the clamps is an error in the recorded 
elongation caused by faulty spacing of the chart 
elongation graduations. 

(/) To establish the presence of other errors 
in recorded elongation, a chart shall be placed 
in the testing machine and adjusted according to 
the directions given in Paragraphs (a) and (b). 
The clamps shall be returned to their initial posi- 
tions and a load applied without permitting any 
separation of the clamps by gripping a non- 
extensible member, such as a strip of thin steel, 
in both clamps. The machine shall be operated 
so that the pen draws a line on the chart. This 
line should be parallel with the axis indicating 
variable load and zero elongation (Note 7). 
Failure of the pen line to parallel the axis of the 
chart indicates a variable error in elongation due 
to improper geometry of the testing machine or 
to the use of the incorrect angle in printing the 
charts. 

Note 7. — The axis indicating zero elongation 
and increasing load is not necessarily a straight 
line. On pendulum-type testing machines, it is 
frequently somewhat curved at higher loads. 
On many testing machines, it forms an angle 
with the other base line indicating zero load and 
variable elongation. The angle depends upon 
the geometry of the machine. 

Appendix . — Add the following as an 
appendix to these methods: 

Appendix 

Causes of Error in Recording Elongation 

Fr ilure of the tension testing machine to re- 
corv the proper elongation may be due to one or 
more of the causes given in the following Para- 


graphs (^z) to {e) . One or more of these possibili- 
ties may not apply to a particular tjpe of 

machine. 

{a) Faulty Ruling of Charts. — The rulings on 
the charts should be at right angles, or at the 
proper angle. The lines indicating a designated 
elongation may not be straight lines. 

{h) Faulty Cutting of Chart Sheets, — The oppo- 
site edges of the chart sheet should be parallel 
and the sides should be at right angles to the top 
and bottom. The edges should be cut through a 
line printed outside the ruled area as a guide for 
tliis purpose. The presence of a cut line can be 
detected at the edge of a properly cut chart 
sheet. 

(c) Failure of Charts Pen, and Clamp to Start 
Moving at the Same Time. — Poor coordination of 
movement is indicated by a changing error in the 
recorded elongation when calculated on a per- 
centage basis. 

{d) Improper Traverse M ovement of the Pen . — 
Improper traverse of the pen can be caused by a 
compacted cable or by a stretched cable on test- 
ing machines using this t}p>e of mechanism. It 
can also be caused by an error in the ratio of the 
circumference of two pulleys mounted on the 
same shaft. 

(e) Improper Magnification of Chart or Pen 
Movement. — Magnification of the movement of 
the chart, where this is obtained by means of a 
movable pulley, will be in error if the diameter 
of the cable varies. 

Section 7.— Change the first clause of 
the second sentence of the present 
Section 7 on clamps for fabrics to read as 
follows by the addition of the italicized 
words: “The dimension of all gripping 
surfaces parallel to the direction of 
application of the load shall be 1 in. 
or more.^^ 

RE\nsiON OP Standard, Immediate 
Adoption 

Standard Methods of Testing and Toi» 

erances for Knit Goods (D 231 - 39) : 

Section 13 (a ). — Change to read as 

follows: 

13. (a) The amount of grease shall be deter- 
mined as follows: A representative specimen 
(Note) weighing about 5 g. shall be dried to con- 
stant weight in a ventilated oven at 105 to 1 10 C. 
It shall then be extracted with carbon tetra- 
chloride for 4 hr. The extraction apparatus 
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shall be of a type wherein the carbon tetrachlo- 
ride is siphoned from the extraction cup five 
times per hour^ and siphoning shall not take 
place until the extraction cup contains not less 
than 125 ml. of carbon tetrachloride. The ex- 
tract shall be dried to constant weight in a 
weighed flask at 105 to 110 C. 

Note. — T he bursting strength test specimens 
may be used for this test. 

Figure L — ^Delete this figure. 

Editorial Changes in Standards 

Standard Methods of Testing and Tol- 
erances for Woolen Yams (D 403 - 44) : 
Standard Methods of Testing and Tol- 
erances for Worsted Yarns (D 404 - 
' 44 ): 


Section 10 . — In both of these methods 
add the following note under this section: 

Note. — The above moisture regain shall ap- 
ply to woolen yarns sold commercially, but shall 
not apply to woolen hand knitting yarns sold at 
retail. In agreement with the proposed trade 
practice rules of the hand knitting industry, 
woolen hand knitting yarns are to be sold in the 
retail market on the basis of , 11.1 per cent mois- 
ture regain, which is equivalent to 10 per cent 
moisture content as approved by the National 
Bureau of Standards. This basis shall be recog- 
nized for hand knitting yarn retail sales when 
the Federal Trade Commission promulgates the 
trade practice rules for the hand knitting yarn 
industry. 



REPORT OF COMMITTEE D-14* 
ADHESIVES 


Committee D-14 on Adhesives and its 
subcommittees held a three-day meeting 
in Atlantic City, N. J., October 9, 10, and 
11, 1945, at which important progress 
was reported in various aspects of the 
committee’s activities and at which time 
also a Symposium on Adhesives^ w-as 
held. A second meeting of the commit- 
tee and its subcommittees was held in 
iVtlantic City on March 4 and 5, 1946. 

At the present time, Committee D-14 
consists of 85 members, of wdiom 39 are 
classified as producers, 33 as consumers, 
and 13 as general interest members. At 
present, there are 14 alternates for com- 
pany and individual members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following : . 

Chairman, R. C. Platow. 

.ViceRffiairman, Henry Grinsf elder. 

Secretary, L. P. Hart, Jr. 

Activities o,f Subcommittees 

Subcomniittee I on Strength Properties 
(M. H. Bigelow, chairman, A. G. H. 
Dietz, acting chairman) has been par- 
ticularly active and has attracted the 
most interest and cooperation of the 
members. Mr. Dietz, who has been act- 
ing as chairman of this subcomniittee 
during Colonel Bigelow’s tour of duty in 
the European Theater of Operations, has 
been doing yeomen service in his tempo- 
rary capacity. 

The Section on Tensile Strength has 
reviewed the proposed new Tentative 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. ^ . 

1 Symposium on Adhesives, Am. Soc. Testing Mats. 
(1946). (Symposium issued as separate publication.) 


Method of Test for Tensile Properties of 
Adhesives. This method has been ap- 
proved by Committee D-14 and subse- 
quent to the Annual Meeting it will be 
submitted to the ildministrative Com- 
mittee on Standards for publication as 
tentative.^ 

The Section on Shear Strength has pre- 
pared the following three methods: Ten- 
tative Method of Test for Strength Prop- 
erties of Adhesives in Plywood-Type 
Construction in Shear by Tension Load- 
ing, Tentative Method of Test for 
Strength Properties of Adhesives in Shear 
by Compression Loading, and Tentative 
Recommended Practice for Testing the 
Strength Properties of Adhesives," These 
methods have been approved by the sub- 
committee and are now out to letter bal- 
lot of Committee D-14. 

The Section on Impact Strength has 
prepared a test method which has been 
approved by the subcommittee and is 
now about ready to submit the method 
to the main committee. The Section on 
Fatigue Strength has started a round- 
robin research study to determine which 
of five suggested methods is the most 
reliable. The Section on Flexural 
Strength is hard at work trying to de- 
velop a method satisfactory to the sub- 
committee. The Section on Peel and 
Cleavage has prepared a method for 
determining the peel resistance of adhe- 
sives which will be submitted to letter 
ballot of the main committee after ob- 
taining the approval of the subcom- 
mittee. 


2 See Editorial Note, p. 440 
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Suhcommitiee II on Analytical Tests 
(L. Repsher, chairman) has been await- 
ing requests for methods from other com- 
mittees. Work is under way on solids 
analysis. 

Subcommittee III on Permanence (F. J. 
Wehmerj chairman) is another group 
that has aroused a maximum of interest 
and cooperation. Methods for measur- 
ing the effect of moisture and tempera- 
ture are under study by the section. A 
method for determining the effect of 
chemical factors is now the subject of 
letter ballot in the main committee. 
Also a method for determining the effect 
of artificial and natural light on the per- 
manence of adhesives is out for letter 
ballot of the committee. A comprehen- 
sive study of test methods for measuring 
the effect of biological factors on the 
strength of adhesives has been made and 
results of this study. have been circulated 
to the subcommittee. 

Suhcommitiee IV on Working Proper-- 
ties (C. B. Hemming, chairman) has 
developed and approved a method for 
determining the spreading rate which 
method is now out to letter ballot of the 
committee. Considerable work and dis- 
cussion have taken place regarding test 
methods for cure, flow, slippage, tack, 
consistency, and blocking. 

Subcommittee V on Specifications (G. 


Reinsmith, chairman) is making a serious 
effort to simplify the classification of ad- 
hesives. A questionnaire on the subject 
■has been circulated to the committee. 

Subcommittee VI on Nomenclature and 
Definitions (G. M. Kline, chairman) has 
submitted two lists of the more impor- 
tant terms for approval. 

Plans are under way to have a com- 
mittee meeting as well as subcommittee 
and advisory committee meetings at the 
Annual Meeting in June. A guest 
speaker. Dr. Woldemar A. Weyl (Direc- 
tor of Glass Science, Inc., State College, 
Pa.), will address the committee on the 
topic “The Theoretical Basis of Adhe- 
sion”^ at that time. 

This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 85 members; 61 members re- 
turned their ballots, of whom 59 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

R. C. Platow, 
Chairman, 

Henry Grinsfelder, 

Secretary, 

S See p. 1506. 


Editorial Note 

Subsequent to the Annual Meeting, Committee D-14 presented to the So- 
ciety through the Administrative Committee on Standards the following 
recomm endations : 


New Tentaiive Method of Test for: 

Resistance of Adhesive Bonds to Chemical Reagents (D 896 - 46 T), and 
Tensile Properties of Adhesives (D 897 - 46 T), 

These recommendations were accepted by the Standards Committee on 
September 9, 1946, and the tentative methods appear in the 1946 Book of 
A.S.T.M. Standards, Part III-B. 

On December 5, 1946 the Standards Committee accepted the Tentative 
Method of Test for Peel or Stripping Strength of Adhesives (D 903 -46 T). 
The new tentative appears in the 1946 Book of A.S.T.M. Standards, Part III-B. 

The proposed Tentative Recommended Practice for Determining the 
Effect of Artificial (Carbon- Arc Type) and Natural Light on the Permanence 
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of Adhesives was accepted as tentative by the Standards Committee on 
December 31 j 1946. The new tentative recommended practice has been 
assigned the designation D 904 ~ 46 T, and appears in the 1946 Book of 
A.S.T.M. Standards, Part III-B. 

Committee D-14 submitted to the Standards Committee a proposed Intro- 
duction to the D-14 strength methods. This recommendation was accepted 
by the Standards Committee on November 23, 1946, and appears in the 1946 
Book of A.S.T.M. Standards, Part III-B, as a preface to the adhesive strength 
methods D 897 and D 903. 

On February 24, 1947, the Standards Committee accepted the following 
recommendations: 

TentatiM Method of: 

Test for Determining the Applied Weight Per Unit Area of Dried Adhesive Solids (D 89S - 47 T), 

Test for Determining the Applied Weight Per Unit Area of Liquid Adhesives (D S99 - 47 T), 

Testing the Strength Properties of Adhesives in Shear by Compression Loading (D 905 - 47 T), and 

Testing the Strength Properties of Adhesives in Plywood Type Construction in Shear by Tension 
Loading (D 906 -47 T). 

These new tentatives have been issued separately in reprint form. 


REPORT OF COMMITTEE D46‘''' 


INDUSTRIAL AROMATIC HYDROCARBONS 


There were no meetings during the 
past year for the general membership of 
Committee D-16 on Industrial Aromatic 
Hydrocarbons. Progress in the com- 
mittee's work, however, was made possi- 
ble through actions taken by the Ad- 
visoiy Committee at meetings held 
June 8, 1945, January 8 and i\pril 8, 
1946. 

J. N. Roche has replaced D, F. Gould 
as chairman of Subcommittee I on 
Methods of Test for Crude Aromatic 
Products and E. C. Medcalf has suc- 
ceeded R. F. Ruthruff as chairman of 
Subcommittee IV on Specifications for 
Aromatic Solvents due to the latter’s res- 
ignation. With the discontinuance of 
Subcommittee I, J. N. Roche has been 
appointed chairman of Subcommittee V 
to replace J. B. Hill who recently re- 
signed. A Subcommittee VI on Edi- 
torial Matters has been formed with E. 
T. Scafe as chairman. 

I. New Tentative Method 

Inasmuch as it was the consensus of 
Committee D-16 that the procedure in 
Tentative Methods of Test for Specific 
Gravity, Color, and Hydrogen Sulfide 
and Sulfur Dioxide Conten t (Qualitative) 
of Industrial Aromatic Hydrocarbons 
(D 853 - 45 T)^ dealing with specific 
gravity was inadequate for the purpose 
intended and actual details for conduct- 
ing this test should be made available, 

* Presented at the Forty-ninth Annual Meeting o£ the 
Society, June 24-28, 1946. 

1 1945 Supplement to Book of A.S.T.M. Standards, 
Part III. : 


the committee recommends for publica- 
tion the Tentative Method of Test for 
Specific Gravity of Industrial Aromatic 
Hydrocarbons, as appended hereto.^ In 
view of the development of this new 
method, the test for specific gravity will 
be omitted from Method D 853. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 33 voting members; 22 
members returned their ballots, of whom 
20 have voted affirmatively, 1 nega- 
tively, and 1 member marked his ballot 
“not voting.” 

11. Revision of Tentative 

Tenlaiive Specifications for Industrial 
Grade Benzene (D 836 - 45 T) — The 
committee recommends the following 
change in these specifications: 

Section 2. — Add the following to the 
requirements: “Acidity. . . . No free acid, 
that is no evidence of acidity.” 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 33 voting members; 19 
members returned their ballots, of whom 
18 have voted affirmatively, 0 negatively, 
and 1 member marked his ballot “not 
voting.” 

III. Editorial Changes in Tentatives 

The committee recommends that 
Tentative Methods D 848 and D 850 be 
editorially revised as follow^s: 

Tentative Method of Test for Acid Wash 
Color of Benzene J Toluene^ Xylenes and 

2 This method was accepted as tentative by the Society 
and appears in the 1946 Book of A.S.T.M. Standards, 
Partlll-A. 
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Similar Induskid Aromalic llvdrocar- 
(D848-45T)‘3 

Insert ^‘Refined Solvent Napli- 
thas'^ after “Xylenes.” 

Tentative Method of Test for Distillation 
of Industrial Aromatic Hydrocarbons 
(B850-45T):i 

Section 5{d). — In line 25, insert “the” 
between the words “of’'" and “rise.” In 
the same paragraph, line 26, insert “the”^ 
after the word “from.” 

Section 5 (b). — •In line 7, change “dis- 
tillate” to read “sample.” In the same 
paragraph, line 16, insert “the” after the 
word “at.” 

Section 6 {h), — Change the description 
of “X” in the legend to read as follows: 
“X — Correction factor for the thermo- 
meter = 0.000154 = difference between 
coefficients of expansion for glass and for 
mercury.” In.^^the same legend, change 
the description of to read as follows: 
“T = observed reading of the thermo- 
meter in degrees Centigrade, and.” 

Section 6 (d). — In line 11, change 
“values of^’ to read “formulas for.” 

Table L — In the title, change “values 
of” to read “formulas for.” 

Delete the second column of this table 
and center the third column so that each 
formula involving and “P” will be 
on a single line. 

Change the footnote to this table to 
read as follows: Corrected barometric 
pressure in millimeters of mercury at 0 
C. at time and place of distillation test 
= “P” in formulas for “k.” 

Activities or Subcommittees 

Subcommittee I on Methods of Test for 
Crude Aromatic Products (J. N. Roche, 
chairman). — This subcommittee has had 
in preparation for publication as tenta- 
tive a method of test for refined water- 
white constituents in light oil. The 
question was raised as to whether this 
subject falls within the scope of Com- 
mittee D-16 activities and agreement has 
been reached that it does not. There- 


fore, ■ Subcommittee I lias been, dis- 
charged. 

Subcommittee II on Methods of Test 
for Refined Aromatic Products (V. J. 
Altieri, chairman). — method of sampl- 
ing industrial aromatic hydrocarbons has 
been prepared for subcommittee ap- 
proval and recommendation for publica- 
tion as tentative. 

In connection with . the Tentative 
Method of Test for Paraffins in Indus- 
trial Aromatic Hydrocarbons (D 851 - 
45 T) and the Tentative Method of Test 
for Solidifying Point of Benzene (D 852 
45 T), due cognizance is being taken of 
work being done respectively by Sub- 
committee XXV on Analysis of Petro- 
leum Products for Plydrocarbon Types 
of Committee D-2 on Petroleum Prod- 
ucts and Lubricants, which is now work- 
ing on a procedure for determining the 
saturated hydrocarbon content of aro- 
matic concentrates, and Section A on 
Thermometers, of Committee E-1 on 
Methods of Testing which is actively 
working on specifications for a solidifying 
point thermometer. 

Arrangements have been made for the 
cooperative testing of 5 aromatic hydro- 
carbons (1 benzene, 2 toluenes, and 2 
xylenes) to determine the degree of use- 
fulness of the tentative methods sub- 
mitted by Committee D-16 last year.^ 
Members of Committees D-2 and D-1 on 
Paint, Varnish, Lacquer, and Related 
Products as well as D-16 are cooperating 
in these tests which are now under way. 

Methods of test for the determination 
of sulfur content and of thiophene in 
benzene and toluene are now uiider 
study. Consideration is also being given 
to the development of a single phase 
method for acidity that is to replace or 
act as alternate for the present Tentative 
Method D 847, 

The present method for specific gravity 
not being considered adequate, this sub- 
committee prepared for publication as 
tentative the more detailed methods for 
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conducting this test for aromatic prod- 
ucts including hydrometer, pycnometer, 
and Westphal balance procedures re- 
ferred to earlier in this report. 

Some fundamental studies on copper 
corrosion methods directed toward the 
development of a quantitative method 
for measuring the amount of sulfide cor- 
rosion are being undertaken by this 
group and a cooperative test program 
planned to determine its practicability. 

Subcommittee 111 on Specifications for 
Aromatic Chemicals (J. N, Wickert, 
chairman ). — k study by this subcom- 
mittee has indicated a possible need for 
specifications covering thiophene-free 
benzene and thiophene-free toluene but 
it is not sufficient to justify submittal of 
specifications for approval at present. 

Subcommittee V on N o^nenclature (J. 
Bennett Hill, chairman). — ^This group 
has considered the suggestion that the 
use of the term “naphtha” be eliminated 
from such names as solvent naphtha and 
similar products because of possible con- 
fusion as to the character of the ma- 
terial. The majority of the committee 
believe these terms are so well established 
that an attempt to change the official 
designation should not be made at this 
time. It was suggested that any pro- 
ducer who desires to do so may eliminate 
the name “naphtha” from his brand 
name. 

Special Committee on Volume Tem- 
perature Corrections . — 

Mr. W. H. Fulweiler was requested to 
consider and recommend means for the 
development of coefficient of expansion 
tables for aromatic hydrocarbons. A 
study which he made of presently avail- 
able information bearing on this subject 
was presented in a report to the Advisory 
Committee at its meeting on June 8, 
1946. This memorandum covers the 
status of the three Standard Volumetric 
Correction Tables (D 206, D 347, and 
D 633) now avaEable in Society publica- 


tions, the means at the Society's disposal 
to prepare the coefficient of expansion of 
aromatic hydrocarbons data requested 
by Committee D-16, and the recom- 
mendation that the A.S.T.M. should 
assume the responsibility of the develop- 
ment of these volume correction tables. 
The latter was made inasmuch as it is 
a logical development of the A.S.T.M. 
program of standardization and that the 
work should be done as an A.S.T.M. 
research project under the guidance of a 
representative committee, utilizing the 
scientific services of industry manpower 
with possibly some financial assistance 
from the Research Fund of the Society. 
It was Mr. Fulweiler^s belief that the 
successful completion of such a project 
should reflect considerable credit on the 
Society and that a program to this end 
could be consummated mth a minimum 
of delay. 

A meeting of the Coordinating Group 
comprising representatives of Committee 
D-16 and Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products 
held a meeting on June 26, 1946. The 
various points on which the overlapping 
specifications of these two committees 
are at variance were discussed indi- 
vidually and it may be that there are no 
insurmountable difficulties in the way of 
ultimately making both sets of specifica- 
tions and test methods identical. 

In general, the points of difference are 
the distillation procedure and four re- 
quirements (non-volatile, odor, water, 
and mercury corrosion) which are not 
now in the D-16 standards. 

Both committees appear to have their 
specifications and methods of test under 
active review and the joint coordinating 
group thus finds itself in a favorable 
position to make progress. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 
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Chairman j D, F. Gould. 

Vice-Chairinaii, V. J. Aitieri. 

Secretary^ W. L. Douthett. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 33 voting members; 25 mem- 
bers returned their ballots, of whom 24 


have voted affirmatively and 0 nega- 
tively. 

Respectfully submitted on behalf of 
the committee, 

J., M. Weiss, 
Chairman, 

W. L. Douthett, 

Secretary. 



REPORT OF COMMITTEE 1)47^*= 


ON 

NAVAL 


The last regular meeting of Committee 
D-1.7 on Naval Stores was held on June 
27, 1944, during the time of the 1944 
Annual Meeting of the Society at New 
York. The widely separated head- 
quarters^ locations of the committee 
membership and difficulties attending 
travel during the past year made it 
inadvisable to try to hold a meeting of 
the committee. The officers and sub- 
committee chairmen have been active 
in the development of test procedures, 
and several new members have been 
added to the committee. The com- 
mittee lost one of its original and most 
active and valuable members through the 
resignation of C. E. Kinney, formerly the 
voting representative of Hercules 
Powder Co., who was retired by his 
company. Mr. Kinney had until a 
year ago been chairman for many years 
of Subcommittee I on Softening Point 
of Rosin, and his duties in this capacity 
have been taken over by J. M. Schantz, 
who has been designated the voting 
representative of Hercules Powder Co. 
The chairman of Subcommittee VIII 
on Terpene Hydrocarbons and Pine 
Oil, I. E. Knapp, was forced to relinquish 
that position due to a change of employ- 
ment, and this chairmanship has been 
taken over by R. E. Price, Chief Chemist, 
Crosby Chemicals, Inc., Picayune, Miss. 
This firm is a large producer of a diversi- 
fied line of naval stores products -obtained 
from pine stumpwood. 

I. ^ New Tent ATI ves 
The committee recommends f or 

Presented at the Forty-ninth Annnal Meeting of the 
Society, June 24-28, 1946. 
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publication as tentative the following 
two new methods: 

Tentative Methods of: 

Test for Water in Liquid Naval Stores^ and 
Test for Volatile Oil in Rosin.^ 

. II. Revisions OE Tentatives 

The committee recommends the 
following revisions of four teiitatives: 

DefmUiofis of Terms Relating to Naml 
Stores and Related Products (D 804 - 45 
T),“ revised as appended hereto,^ 
Tentative Methods of Sampling and 

Testing Pine Tars and Pine-Tar Oils 

(D 856-45 T) 

Section 6. — Change to read as follows: 

6. {d} Specific gravity of pine tar and pine- 
tar oil shall be expressed as the ratio of the 
weight of a given volume of the material at 25 C. 
(77 F.) to that of an equal volume of water at 
15.5 C. (60 F.) and shall be reported to the third 
decimal place as: 

Specific gravity, 25/15.5 C. (77/60 F.). . . . 

if)) The specific gravity may be determined 
at any convenient room temperature with a 
25-mL Hubbard pycnometer or weighing bottle 
as described in the Standard Method of Test 
for Specific Gravity of Road Oils, Road Tars, 
Asphalt Cements, and Soft Tar Pitches (A.S. 
T.M. Designation: D 70)^ being sure to use 
the weight of water contained by the pycnometer 
at the temperature of the test. Since the spe- 
cific gravity of pine tar and pine-tar oil at room 
temperature changes by 0.0005 per degree Centi- 
grade change in temperature, add or subtract 
0.0005 for each degree that the temperature is, 
respectively, above or below 25 C. Finally con- 


1 These methods were accepted as tentative by the 
Society and appear in the 1946 Book of A.S.T.M. Standards 
Part II. 

2 1945 Supplement to Book of A.S.T.M. Standards, 
Partin. 

3 These revised definitions were accepted by the 
Society and appear in the 1946 Book of A.S.T.M. 
Standards, Part II. 

^ 1946 Book of A.S.T.M. Standards, Part 11. 
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vert such corrected value to the 25/15.5 C. 
basis by multiplying by the factor 0.998. 

(c) As an alternate procedure, the specific 
gravity may be determined (somewhat less 
accurately) with a suitable hydrometer, such as 
that described in the Standard I^Iethod of Test 
for Specific Gravity of Creosote (A.S.T.M. 
Designation: D 368).^ If the temperature of 
the tar is above or below 25 C., correct the read- 
ing by means of the same value for change in 
specific gravity, that is 0.0005 per degree Centi- 
grade. 

Note. — For very heavy viscous tars it may be 
advantageous to warm the sample to 40 to 45 C., 
in which case the correction factor for correcting 
the observed reading of the hydrometer to 25 C. 
will be O.CKX)4 per degree Centigrade. 

Section 13 , — Change the formula to 
read as follows: 

Absolute viscosity (centipoises) = 2.13 X 
iX d Xf 

Change the definition of to read as follows: 

/ = a correction factor for the instrument. If 
a standard oil is used for calibration, 
having its viscosity stated in seconds 
for a standard instrument, this factor 
is equal to the ratio of standard seconds 
to observed seconds for the instalment 
used. If the viscosity is stated in 
centipoises, this value, with the ob- 
served time and the density of the oil 
shall be substituted in the above 
formula in order to calculate / for the 
instrument. The value of / should 
be calculated for both 30 C. and 50 C. 

Note 1. — Change to read as follows: 

While the true Herschel formula for petroleum 

oils at 50 C, is C = ( 2.13 ; - -™) XdXf, ex- 

periments with pine tars indicate that results 
within the limit of experimental error, close 
enough for practical purposes, and in good agree- 
ment with results obtained with the Stormer 
viscosimeter, may be expected Ijy the use of the 
simpler formula given above. 

Section 14 (b ). — Change the second 
and third sentences to read as follow^s: 

When the maximum temperature to be read 
or stated in a specification is indicated by the 
thermometer, or as soon as a drop in temperature 
occurs before the maximum specified tempera- 
ture is reached, discontinue the heating, allow 
the condenser to drain, and record the total 


Ciuantity distilled to that temperature. Record 
the maximum temperature reached during the 
test if it is below the maximum temperature 
specified in the test. 

Section 20 . — Change to read as 
follows: 

20. Acid Number. — In a smalt porcelain 
crucible or glass weighing capsule, accurately 
weigh 0.2 to 0.3 g. of sample. Place 100 ml. of 
alcohol (Formula 30 or other laboratory grade) in 
a 250-ml. wide-mouth Erlenmeyer flask, and 
add a small quantity of Alkali Blue (dry powder) 
from the end of a small spatula. The alcohol 
should take on a distinct blue color. Add 0.1 N 
NaOH dropwise until the color just changes from 
blue to red. Introduce the crucible and sample 
and bring into solution by warming on a hot 
plate. A blue-green color will again develop. 
If the blue is masked by the color of the tar, add 
additional indicator. Titrate with the NaOH 
until no blue remains in the color of the solution 
when the flask is held at an angle against a wdiite 
background. 

Tentative Methods of Sampling and Test- 
ing ■Dipentene (D 801 “ 44 T):''’ 
Section 7, — Change to read as follows: 

7. Determine the specific gravit}^ at 15.5/ 
15.5 C. by any convenient method, reporting 
the value to the nearest 0.0005 . Determinations 
made at any other temperature using apparatus 
standardized at 15.5 C. shall be corrected by 
adding or subtracting from the observed reading 

O. 00082 for each degree Centigrade that the 
temperature of the liquid is above or below 
15.5 C. 

Section ./4. --“Change to read as follows 
and add a new' Paragraph (b): 

14. (a) Transfer 5 ml of the sample to a 100- 
ml. glass-stoppered graduate. Add V. M. and 

P. naphtha or mineral spirits (Note) in successive 
5 -mL portions shaking w^eli after each addition. 
Both the sample and the petroleum solvent shall 
be at the same temperature, 20 to 25 C., w^hen 
used. Any appreciable proportion of dissolved 
moisture will be indicated by the development of 
turbidity in the mixture. Record the quantity 
of petroleum solvent added when turbidity de- 
velops. Test a reference sample in the same 
manner and compare. 

Note. — The petroleum solvent should be re- 
distilled before being used in the test, discarding 
the first and last 10 per cent fractions. 

5 1944 Book of A.S.T.M, Standards, Part III, 
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{h) Alternate method. — If a quantitative 
moisture determination is indicated by the 
above test, or is otherwise required, follow the 
procedure described in the Tentative Method of 
Test for Water in Liciuid Naval Stores (A.S.T.M. 
Designation: D890),^ 

New Section. — Add a new Section 15 
to read as follows: 

Note. — If desired, the aniline and mixed 
aniline points of dipen tene may be determined 
as described in the Tentative Method of Test 
for Aniline Point and Mixed Aniline Point of 
Petroleum Products (A.S.T.M. Designation: 
D 611),“^ instead of in accordance with the fol- 
lowing Section 15. 

15. Aniline Point and Mixed Aniline Point: 
(a) Apparatus. — The apparatus shall consist of 
the following: 

(1) Test Tube. — A test tube approximately 
18 ml. in capacity, 15 mm. in diameter, and 125 
mm. in length, with a lip, and fitted with a two- 
hole cork stopper, one for the thermometer and 
the other a 2-mm, hole for the stirrer. 

(2) Stirrer. — A stiff copper wire, approxi- 
mately 1 mm. in diameter, coiled at the lower 
end (3 to 5 coils). The coils shall be of such 
diameter that the stirrer can move freely up and 
down around the thermometer. The upper end 
of the wire stirrer shall extend several inches 
through the 2-mm. hole in the cork stopper with 
the end of the wire looped or bent to form a 
handle. 

(3) Thermometer. — An A.S.T.M. Aniline 
Point Thermometer, graduated in Centigrade 
degrees, having a range of — 38 to + 42 C., and 
conforming to the requirements for thermometer 
33 C - 41 T as prescribed in the Tentative Speci- 
fications for A.S.T.M. Thermometers (A.S.T.M. 
Designation: El).'* 

{4) Bath. — ^A 300-mI. tail-form beaker or 
other convenient receptacle containing a suitable 
clear nonaqueous medium, such as turpentine, 
kerosine, etc., for use as a cooling or heating bath. 

(5) Reagents: (i) Aniline. — Dry c.p. aniline 
over KOH and redistill, discarding the first and 
last 10 per cent of the distillate. Preserve the 
purified aniline in small amber-colored glass- 
stoppered bottles. Suitable aniline should be 
practically colorless. 

(2) Normal Heptane. — Normal heptane for 
use in the mixed aniline point test shall have a 
boiling point in the range of 98 to 98.5 C. The 
w-heptane shall be dried before use by shaking 
for several minutes with anhydrous Na 2 S 04 and 
filtering to obtain a clear, dry liquid. 

(c) Procedure for Aniline Point. — Clean and 
dry the apparatus. Pipette into the test tube 


5 ml. of the sample, previously dried in accord- 
ance with the procedure for drying' 'w- heptane 
(Paragraph (5)). By means of a safety pipette® 
or small burette fitted with a calcium chloride 
tube, add an equal quantity of aniline. Stopper 
the test tube with the cork containing the ther- 
mometer and, the stirrer and mix the contents 
thoroughly with the wire stirrer. Clamp the 
test tube in a suitable position to permit raising 
and lowering of the beaker containing the pre- 
chilled cooling medium. (A temperature of 
— 15 to — 20 C. may be required.) Immerse the 
test tube in the bath and stir the mixture rapidly, 
avoiding the inclusion of air bubbles. While 
stirring constantly, record the temperature at 
which the solution becomes cloudy or turbid 
throughout (Note) . Allow the solution to w^arm 
up until cloud disappears and repeat the cooling 
process again recording the temperature at 
w’hich the solution becomes cloudy. The aver- 
age of the temperatures at which the solution 
becomes cloudy throughout shall be reported as 
the aniline point. These two readings should 
agree within 0.5 C. 

Note. — The true aniline point is character- 
ized by a turbidity which increases sharply as 
the temperature is lowered. 

(d) Procedure for Mixed Aniline Point . — 
Pipette 2.5 ml. of the sample, 2.5 ml. of w-heptane 
and 5 ml of aniline^ into the test tube. Proceed 
as described in Paragraph (c), except that the 
solution may have to be warmed slightly above 
room temperature to produce a clear solution. 
To do this immerse the test tube in a warm bath 
and stir constantly until the solution is clear. 
Remove the test tube from the bath, and allow 
the contents to cool while stirring constantly. 
Record the temperature at which the solution 
becomes cloudy throughout. Repeat the pro- 
cedure and report the average temperature as the 
mixed aniline point. The readings should agree 
within 0.5 C. 

Tentative Methods of Sampling and Test- 
ing Fine Oils (D 802 - 44 T):^ 
Section 5. — In the first sentence delete 
^‘having a precision of 0.0005’’ and sub- 
stitute the following: “reporting the 
value to the nearest 0.0005. (A pyc- 
nometer or specific gravity balance is 
recommended; a hydrometer should not 
be used, on account of errors caused by 
surface tension on the hydrometer stem.) ’ ’ 

® Aniline is poisonous and should not be pipetted by 
direct application of the mouth to the pipette, nor should 
any be allowed to remain on the hands, even in very small 
quantities f as aniline will be absorbed through the skin. 
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Section P.— Letter the present section 
as Paragraph {a) and add a new Para- 
graph (5) to read as follows: 

(&) Alternate Method , — Determine tlie mois- 
ture content of pine oil according to the pro- 
cedure described in the Tentative Method of 
Test for Water in Liquid Naval Stores (i\.S.T.M. 
Designation: D 890) 

Section 10 (a), — In item (i), change the 
capacity of the flask from ^^250-ml.” 
to read ^^500-ml.” Change item (3) 
to read as follows: straight tube, 

water-cooled glass, reflux type, having 
a water jacket 400 mm. (15| in.) in 
length, with inner tube approximately 
10 to 12 mm. in diameter.” 

Section 10 (b). — Add the following 
note to item (3): “Note. — If dipentene 
is used, it shall have been treated accord- 
ing to this procedure, to remove traces 
of terpene alcohol that may be present,” 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists 
of 40 voting members, with the results 
shown in Table I. 

III. Reaeitrmation of Standard 

The committee recommends that the 
Standard Method of Test for Toluene 
Insoluble Solid Matter in Rosin (Chiefly 
Sand, Chips, Dirt, and Bark) (D 269 - 
30) be reaffirmed since this standard has 
stood for more than six years without 


revision. 

Activities of Subcommittees 

Stiicommittee I on Softening Point of 
Rosin (], M. Schantz, chairman). — ^The 
former chairman of the subcommittee, 
C. E. Kinney, over the course of several 
years, collected and reviewed a large 
number of different test methods used or 
proposed for measuring the softening 
point of rosin and similar resins. The 
present chairman has continued to work 
on this project and has compiled a rather 
comprehensive abstract of some 25 differ- 
ent test procedures and modffications 


which the committee will study. The 
abstracts cover descriptions of the bath 
or heat- transfer system, essential ap- 
paratus, preparation of sample, and 
salient features of the methods. It is 
planned to have a careful study and dis- 
cussion of the various methods, at a 
meeting of Committee D-i7, from which 
it is hoped that it will be possible to 
select several methods for further inten- 
sive collaborative study, with the view to 


TABLE I.— ANALYSIS OF LETTER BALLOT VOTE. 


Items 

Affirm- 

ative 

! 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. New Tentatives 

Test for Water in Liquid Naval 
Stores 

26 

0 

3 

Test for Volatile Oil in Rosin. . , 

26 

0 

3 

II. Revisions of Tentatives 
Def. of Terms Relating to Naval 
Stores and Related Products ! 
(D804-4ST) i 

27 

0 

2 

Sampling and Testing Pine TarSi 
and Pine-Tar Oils (D 856 - 45 Tj ' 

27 

0 

2 

Sampling and Testing Dipentene: 
(D 801 -44T) i 

27 

0 

2 

Sampling and Testing Pine Oili 
(D802 -44T) 1 

27 

0 

2 

III. Reaffirmation of Standard' 
Test for Toluene Insoluble Solid 
Matter in Rosin (Chiefly Sand, 
Chips, Dirt, and Bark) 
(D 269 -30) 

20 

0 

3 


standardization. The results of a study 
made in one of the collaborating labora- 
tories of a modification of the Tentative 
Method of Test for Softening Point (Ball 
and Shouldered Ring Apparatus) 
(E 28 - 42 T) were published. This 
modification' is based on heating of the 
sample in a small air chamber, sur- 
rounded by another air bath maintained 
at a constant temperature, wdth the tem- 
perature selected so as to have a definite 
relation, within narrow limits, to the 
expected or observed softening point tem- 
perature. Reprints of the paper are 
available from the chairman of Com- 
mittee D-17. 

Subcommittee III on Volatile Oils in 
Rosin (W. C. Smith, chairman). — The 
chairman of the subcommittee, in con- 
nection with his official duties in a 
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govermnent laboratoryj made a study of 
several methods used to separate residual 
volatile oils from rosin. With the assist- 
ance of a member of the staff of another 
laboratory engaged in similar work, ad- ' 
ditionai tests were made of a series of 
rosins containing added known quantities 
of naturally occurring residual volatile 
oil (such as higher boiling' turpentine 
fractions). Samples were also prepared 
with added quantities of certain oils of 
petroleum origin, such as are used in the 
extraction of rosin from wood, and from 
turpentine still wastes in the recovery of 
so-called ^heciaimed” rosin. Low soften- 
ing point and other objectionable prop- 
erties result from insiifficient removal of 
volatile oil from rosin, and occasionally 
rosins are put on the market with too 
high a volatile oil content. The method 
is based on a gradual removal of the oil 
by steam distillation in the presence of 
glycerine, with a constantly increasing 
temperature obtained by reduction of the 
ratio of water to glycerine in the appara- 
tus. The results were reviewed by sev- 
eral committee members and the 
preparation for further collaborative 
study was recommended of a proposed 
tentative method submitted herewith.^ 

Suhcommittee IV on Chemical Analy- 
sis of Rosin (W. D. Pohle, chairman). — 
This subcommittee has continued its 
study of acid and saponification methods 
for dark-colored rosins and of a proposed 
metliod for . unsaponifiable matter in 
rosin, which was originally submitted 
with the 1944 report^ of the committee. 
The results of collaborative tests so far 
available do not seem to warrant recom- 
mendation at this time with regard to 
either the present Tentative Method of 
Test for Acid Number of Dark Rosin 
(D 465 ~45 T) or the proposed method 
for unsaponifiable matter in rosin. 
However, it is hoped to report further 
progress along this line in the near fu- 

7 Proceedings, Am . Soc. Testing Mats., Vol. 44, p. 495 


ture. One of the results brought to light 
by the collaborative testing was a non- 
uniformity of the color change char- 
acteristics of the indicator used in the 
tentative method, known as Clayton 
y-ellow’. 

StibcommiUee V on Tall Oil (A. Poliak, 
chairman). — The chairman has sub- 
mitted to the subcommittee a complete 
tabulation of ail data reported by col- 
laborators who tested the samples sent 
out in 1945, in order that the variations 
in the reported results could be more 
carefully compared with the details of 
the various test procedures. One of the 
principal points brought to light was an 
apparent tendency to obtain an appreci- 
ably higher percentage of rosin acids in 
tall oil when using the modified Wolff 
method, as compared with the results by 
the alternate McNicol method. Modi- 
fications of both of these test methods are 
being studied in detail in the laboratory 
of the subcommittee chairman. A full 
discussion of all these collaborative test 
data is planned for the annual meeting of 
the committee, from which it is hoped to 
be able to decide what modifications are 
indicated and desired for better coordina- 
tion of the analytical results by the two 
alternative methods. F urther collabora- 
tive study will then be undertaken. 

The subeompiittee has approved cer- 
tain editorial changes in the Tenta- 
tive Methods of Testing' Tall Oil 
(D 803 - 44 T) so as to refer to all stand- 
ardized test reagents in terms of nor- 
mality in place of the less common 
reference to molal strength. 

Subcommittee VI m Pine Tar and 
Tar Oil (J, P. Bain, chairman). — Collab- 
orative tests have been made by a num- 
ber of the subcommittee members on 
samples of pine tar and pine tar oil pro- 
duced by the retort process, and a sample 
of pine tar obtained by the “kiln” process 
of burning, using the procedures covered 
by the Tentative Methods of Sampling 
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and Testing Pine Tars and Pine-Tar Oils 
(D 856-45T). From a careful study 
of the test methods and the collaborative 
data received from five laboratories, it is 
concluded that good reproducibility can 
be had and expected from most of the 
individual procedures. The distillation 
test did not give as close checks as might 
be desired, and some additional study 
will be given to this procedure. The 
subcommittee, as a result of this study, 
recommends revisions in Methods D 856 
as covered earlier in this report. 

Subcommittee VII on Ter pern Hydro- 
carbons and Fine Oil (R. E. Price, chair- 
man).— The results of the collaborative 
tests on samples of dipentene and pine 
oil sent out in 1945 have been further 
studied by the chairman. From these 
results, and some additional methods 
that have been recommended for inclu- 
sion, the subcommittee submitted the 
revisions in Tentative Methods D 801 
as covered earlier in this report. 

The presence of moisture in solution 
or in suspension often affects the useful- 
ness of certain kinds of naval stores 
products such as dipentene, pinene, and 
pine oil. The subcommittee has studied 
the results obtained and published by a 
member of the committee using a modi- 
fication of the so-called Karl Fischer 
method and recommends the adoption of 
a new tentative method, based on the 
published data, for the quantitative de- 
termination of water in liquid naval 
stores products.^ 

SubcoMmiUee IX on Defmitiom (J. L, 
Boyer, chairman). — The tentative defi- 
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nitions relating to naval stores have re- 
ceived careful study by the subcommittee 
during the past 3-^ear. Many of the defi.- 
nitions have been revised, and a number 
of new ones have been added. The 
definitions that have been modified in- 
clude those for abietic acid, Archangel 
pitch, brewer’s pitch, 'Burgundy pitch, 
limed rosin, modified rosin, reclaimed 
rosin, and terpeiie alcohol. The terms 
for which definitions are submitted for 
the first time include the following: 
colophon}^, metallic resinates, and rosin 
type (sample). These new and revised 
definitions are appended hereto^ as a 
revision of Tentative Definitions D 804. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, V. E. Grotlisch. 

Vice-Chairman, J. L. Boyer. 

Secretary, W. A. Kirkliii. 

Members-at-Large of Advisory Com- 
mittee: R. P. Chapman, I. E. 
Knapp, W. D. Pohle, X Poliak. 

This report has been submitted to 
letter ballot of the committee, which con- 
sists of 40 voting members; 29 members 
returned their ballots, of whom 28 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

V. E. Grotlisch, 
Chairman, 

W. A. Kirklin, 

Secretary. 



REPORT OF COMMITTEE D-18^ 

ON 

SOILS FOR ENGINEERING PURPOSES 


Committee D48 on Soils for Engineer- 
ing Purposes has held one meeting dur- 
ing the past year, on March 1, 1946, in 
Pittsburgh, Pa. 

On November 19, 1945, the committee 
lost a valuable member by the death of 
Prof. F. C. Lang, of the University of 
Minnesota and the Minnesota High- 
way Department. Prof. Lang had been 
chairman of Subcommittee V on Stabi- 
lized Soils and later headed the Sympo- 
sium Committee in preparing for a 
General Symposium on Soil Test Pro- 
cedures. A joint resolution of Com- 
mittee C-9 on Concrete and Concrete 
Aggregates, Committee D-4 on Road 
and Paving Materials and Committee 
D-18 memorializing Professor Lang has 
been incorporated in the March 1, 
1946, minutes of the committee. 

A number of members have returned 
from service with the Armed Forces and 
are resuming their work with the com- 
mittee. Prof. W. S. Housel is one of 
those returning to civilian life, and he 
has consented to take over the chair- 
manship of the Symposium Committee 
left vacant by the death of Prof. Lang. 

Subsequent to the 1945 Annual Meet- 
ing, Committee D-18 presented to the 
Society through the Administrative 
Committee on Standards a proposed 
Tentative Method of Test for Specific 
Gravity of Soils. This recommendation 
was accepted^ by the Standards Com- 
mittee on June 27, 1945, 

At a meeting of the Joint Subcom- 
mittee of Committees D-4 and D-18 on 
Tests and Specifications for Stabilized 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

i In submitting this recommendation to the Standards 
Committee, Committee D-18 reported the following results 
of the letter ballot vote from a committee membership of 
8^ 58 members returned their ballots, 53 of whom voted 
affirmatively, 3 negatively and 2 members marked their 
ballots “not voting.” 


Soils, a paper entitled ^^Development 
of a Method of Test for Evaluating Soil 
Bituminous Mixtures’^^ by e, Rhodes 
and P. F. Phelan, chairman and secre- 
tary of the Bituminous Producers Co- 
operative Research Committee was pre- 
sented by Mr. Phelan. This method 
will be submitted to the membership 
of the Joint Subcommittee for con- 
sideration for publication as tentative. 

Prof. D. M. Burmister presented a 
paper on “The Aims and Objectives of 
Committee D-18’’ at the meeting held 
June 26, 1946, at Buffalo. This paper 
is being recommended for publication 
in the ASTM Bulletin.^ 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, E. J. Kilcawley. 

Vice-Chairman, W. S. Housel. 

Secretary, K. F. Vernon. 

Members-at-Large of Advisory Com- 
mittee: H. F. Clemmer, K. B. 
Woods, M. D. Catton, D. M. 
Burmister. 

Activities oe Subcommittees 

Reports of subcommittee chairmen 
made at the June, 1946, meeting of 
Committee D-18 indicated renewed in- 
terest in committee affairs. These re- 
ports likewise indicated that there will 
be considerable activity during the 
coming year in all subcommittees. 

SuicommiUee I on Nomenclature and 
Definitions (W. P, Eimball, chairman) 
recommends that the Tentative Defini- 
tions of Terms and Symbols Relating to 
Soil Mechanics (D 653 -- 42 T) be re- 
tained as tentative. The subcommittee 
plans to review these definitions in the 

2 xhis paper was subsequently presented at the 1946 
Annual Meeting and appears on p. 1416. 

« ASTM Bulletin* No. 142, October, 1946, p. 38. 
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near future and to develop a list of 
definitions of soil mechanics terms. 

Stib committee III on Methods of 
Sampling (C. W. Allen^ acting chair- 
man) plans to investigate possible appli- 
cations of seismic methods of determin- 
ing character of foundation strata and 
use of aerial photographs in soil maps. 

Subcommittee I V on Methods of Test- 
ing the Physical Characteristics of Soils 
(Harold Allen, chairman) during the 
coming year, plans to revise the follow- 
ing methods: Standard Methods of 
Preparing Soil Samples for Mechanical 
i\nalysis and Subgrade Soil Constants 
(D 421 - 39), Mechanical Analysis of 
Soils (D422-v39), and Test for Liquid 
Limit (D 423 -39). 

This subcommittee also recommended 
that the following four standards which 
have been published for six years with- 
out revision be continued in their pres- 
ent form: Standard Methods of Test 
for: Plastic Limit and Plasticity Index 
of Soils (D 424 -39), Centrifuge Mois- 
ture Equivalent (D 425 - 39), Field 
Moisture Equivalent (D 426 - 39), and 
Shrinkage Factors of Soils (D 427-39). 

The subcommittee recommends that 
the Tentative Method of Test for Mois- 
ture-Density Relations of Soils (D 698 - 
42 T) be continued as tentative with a 
revision which has been approved by 
letter ballot of the subcommittee and 
will be submitted to Committee D-18. 

A proposed new Tentative Method of 
Test for Field Density of Soil in Place 
was approved by letter ballot of Sub- 
committee IV and will be submitted to 
Committee D-18. 

Subcommittee VI on Methods of Test- 
ing for Compressibility and Elasticity of 
Soils (D. M. Burmister, chairman) 
plans to work on proposed new methods 
of consolidation tests. 

Subcommittee VII on Methods of Test- 
ing for Shearing Resistance of Soils (iV. 
J. Converse, chairman) at a meeting on 
March 1, 1945, received a report on 


results of cooperative shear tests on 
Ottawa sand. This report showed a 
wdde divergence in results obtained and 
indicated that a great deal of research is 
needed. The subcommittee plans to 
prepare a method of direct shear test. 

Subcommittee VIII on Methods of 
Testing Soil Stability under Triaxial 
Loading (R. F. Blanks, chairman) will 
proceed with reorganization of the sub- 
committee according to the plan ap- 
proved by the Advisory Committee. 
With reorganization completed, the sub- 
committee plans to go ahead with the 
research phases of triaxial shear testing. 

Subcommittee X on Methods of Testing 
for Bearing Capacity of Files (Load 
Tests) (A. E. Cummings, chairman) has 
plans for continuing work on methods of 
testing for which this subcommittee is 
responsible. 

SuhcommiUee XI on Methods of Test- 
ing Drainage Properties of Soils (Capil- 
larity and Permeability) (K. B. Woods, 
chairman) has in mind the organization 
of several sections to work on the dif- 
ferent aspects of the problems involved 
in developing methods of tests for 
measuring permeability and capillar}^ 
rise of water in soils. 

Joint Subcommittee of Committees D-4 
and D-18 on Tests and Specifications for 
Stabilized Soils (H. F. Clemmer, chair- 
man). — A program has been set up that 
will entail considerable work in this 
subcommittee during the coming year. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 80 voting members; 5! 
members returned their ballots, all of 
whom have voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

E. J. Kilcawley, 
Acting Chairman. 

K.'F. Vernon, 

Acting Secretary, 



REPORT OF COMMITTEE D-i9*’ 


ON 

WATER FOR INDUSTRIAL USES 


Committee D-19 on Water for Indus- 
trial Uses and its subcommittees held 
meetings at Pittsburgh, Pa., on February 
19 and 20, 1946. Two regularly sched- 
uled meetings were not held during 1945, 
due to travel restrictions. The Advisory 
Subcommittee held a meeting on October 
21, 1945. 

F. N. Speller, and Max Hecht, the 
Society’s representatives on the Execu- 
tive Subcommittee, Joint Research Com- 
mittee on Boiler Feedwater Studies, 
presented no report because no meetings 
were held during 1945. 

. Max Hecht, the Society’s representa- 
tive to the Feedwater Treatment Com- 
mittee, Boiler Code Committee, Ameri- 
can Society of Mechanical Engineers, 
offers no report due to the fact that no 
meetings were held during 1945. Work 
has continued during 1945 on proposed 
revisions of the Rules on Inspection of 
Material and Steam Boilers comprising 
Section VI, Part II, of the A.S.M.E. 
Boiler Construction Code. The work- 
ing committee expects to report the 
draft of these revisions to the Feedwater 
Treatment Committee later this year. 

A chapter on Boiler Corrosion was sub- 
mitted to and accepted by the Editorial 
Committee of the Electrochemical So- 
ciety for inclusion in its Handbook on 
Gorrosion. This chapter, submitted on 
behalf of Committee D-19, was prepared 
under the joint authorship of E. P. 
Partridge, W. C. Schroeder, S. F. Whirl, 
and Max Hecht, all members of the 
committee. 

The present officers of the committee 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


have been reelected for the ensuing term 
of two years. 

I. New Tentative Methods 

Tentative Methods of Test for Dissolved 
Oxygen in Industrial Waters } — These 
methods were proposed as tentative in 
1945, following approval by letter ballot 
of Subcommittee IV on Methods of 
Analysis, the sponsoring subcommittee, 
and Committee D-19. The results of 
the letter ballot vote in the subcommittee 
from a membership of 52, were as follows : 
affirmative 35, negative 2, ^ffiot voting” 
7. The results of the letter ballot vote 
in Committee D-19 from a membership 
of 73 were as follows: affirmative 31, 
negative 4, “not voting” 23. The recom- 
mendation for these proposed tentative 
methods was presented to the Adminis- 
trative Committee on Standards on 
August 1, 1945, but was not accepted, 
due to the fact that more than 10 per 
cent of the votes cast were negative and 
because the methods had not been re- 
viewed at a regular meeting of Commit- 
tee D-19. On the recommendation of 
the Standards Committee these methods, 
which include one referee and three non- 
referee procedures, were published as 
information in the 1945 Report of Com- 
mittee D-19,^ and also were republished 
with a review statement in the ASTM 
Bulletin.^ The action taken at the 
D-19 Advisory Committee meeting on 
October 21, 1945, authorized the chair- 

1 This method was accepted as tentative by the Society 
and appears in the 1946 Book of A.S,T.M. Standards, 
Part III-A. 

^ Proceedings^ Am. Soc. Testing Mats., Vol. 45, p. 360 
(1945). 

»ASTMBuli.etin, No. 137, December, T945, p. 19. 
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man to present the proposed methods at' 
the next regular meeting of Committee 
D-19. The methods were accordingly, 
reviewed at the meeting of the committee 
on February 19, 1946. At this time all 
accumulated communications were pre- 
sented, including suggestions from both 
affirmative and negative voters and 
comments secured by ' the publication of 
the methods in the December, 1945, 
ASTM Bulletin. No new and addi- 
tionar data were contributed during the 
meeting, and accordingly no major 
change in the printed methods was 
deemed necessary. The members 
present voted that certain editorial 
changes be incorporated and that the 
methods be resubmitted for acceptance, 
subject to letter ballot vote. The results 
of this letter ballot vote of Committee 
D-19, March 21, 1946, from a member- 
ship of 78 was as follows: 56 affirmative, 
2 negative, and 121 ^ffiot voting.” It 
was desirable to revise Section 5 (i) of 
these methods. The results of the letter 
ballot vote of Committee D-i9, May 29, 
1946, are shown in Table I. 

Tentative Recommended Practice for 
Field Sampling of Water-Formed De- 
posits —Tht committee recommends that 
this recommended practice as prepared 
by Section B of Subcommittee III on 
Methods of Sampling be accepted for 
publication as tentative, as appended 
hereto.’- 

11. Revision- of Tentative Method 

Tentative Method of Field Test for Tend- 
ency of Boiler Water to Cause Embrittle- 
ment Cracking of Steel (D 807 - 44 T).^* — * 
The following changes prepared by Sub- 
committee VI on Methods of Testing 
are recommended for inclusion in this 
method:' 

Section s {a),— KM the number 1 after 
the word' “Note” at the end of this Para- 


graph and make the same addition in "the 
reference to it in the fourth sentence of 

this paragraph. 

Section 3 {c). — ^Add'the following new 
Note 2 at the end of this paragraph. 
Insert a reference to it at the end of the 

second sentence. 

Note 2.— Tiie surface to be studied , is the 
stressed area, which starts J in. above the spot 
corresponding to the opening m the test block 
and extends about 1 in. toward the adjusting 

screw. 

Fig. 3 . — ^Add the following end view of 
the test specimen shown in the accom-' 
panying Fig. 1. 

Base Block . — Add the detailed dimen- 
sions of the base block shown in the ac- 
companying Fig. 2. 

Section 4 (b ). — In the third sentence 
change “a more continuously concen- 
trated solution” to read increasingly 
concentrated solution.” 

Section 5 . — In the first sentence of 
Paragraph (6), change the reference to 



Standard Specifications A 7,0 to read 
■^^Standard Specifications for Carbon- 
Silicon Steel .Plates of Ordinary Tensile 
Ranges for Fusion-Welded Boilers and 
Other PressureWessels (A.S.T.M. Des.ig-. 
nation: A 201).” 

Add a new Paragraph (i;) to. this, sec- 
tion to read as follows: 


4 1944 Book of A.S.T:M. Standards, Part III. 



Break AH Edges 



Fig, 2. — Base Block, 
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(c) Alloy steels are often more susceptible to 
cracking than the standard cold-rolled steel spec- 
ified for test specimens. Where the water 
tested is used in alloy-steel boilers, it is desirable 
that the test specimen be prepared from the 
same material or from bars of similar composi- 
tion and physical properties. 

Section 6 —Add the following as a new 
Paragraph (b), renumbering the present 
Paragraph (5) as (c) : 

(b) The test surface shall be given a 5-deg. 
bevel as shown in Fig. 3. 

Section 8 (b), — In the second sentence 
change '^drilled into the block” to read 
^^provided for it in the block.” 

Section 9 (g). — ^Add the following as a 
new Note 2, renumbering the present 
Note 2 as 3. Change the present ref- 
erence to “Note 2” to read “Note 3,” 
and add a reference to Note 2 at the end 
of the first sentence. 

Note 2. — The one-sixth of a turn of the ad- 
justing screw is a maximum. Approach it cau- 
tiously and do not repeat if the haze does not 
appear. 

Section 9 (i). — In the second sentence, 
change “may” to read “will.” 

Section 9 (y). — In the first line, delete 
the word “desired.” 

Section 11(c), — In Note 3, change 
“sometimes distorts” to read “may dis- 
tort.” 

Section 11(d). — ^Add the following as a 
new Note 5 to this section, inserting a 
reference to it after the word “embrittle- 
ment” at the end of the paragraph: 

Note 5. — Embrittlement cracks in alloy 
steels often tend to be intracrystalline, following 
slip planes rather than grain boundaries. 

III. Revision of Standard, Immediate 
Adoption 

Standard Method of Reporting Results 
of Analysis of Industrial Waters (D 596 - 
41),^ — ^As proposed by Subcommittee V 
on Classifications, Committee D-19 rec- 
ommends the immediate adoption of the 
following revisions. The committee ac- 


cordingly requests the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that these recommenda- 
tions may be referred to letter ballot of 

the Society: 

Section 2, — ^Add the following new 
(fefinitions and Notes to this section as 
items (g) and (h): 

{g} Alkaiinity. — Alkalinity, is the capacity of 
a water for neutralizing acid. 

Note 1 . — Alkalinity is measured by the 
amount of standard acid which must be added to 
change the pH value of the water to some arbi- 
trary value, as determined by the color change 
of an indicator or by an instrument. 

Note 2. — Alkalinity is expressed fundamen- 
tally in terms of chemical equivalents of hydro- 
gen ion required to neutralize the water to the 
specified reference point. It has commonly been 
expressed in terms of amount of calcium car- 
bonate which would neutralize the required 
amount of acid to the specified reference point 
or points. 

(h) Hardness . — ^Hardness is the capacity of a 
water for precipitating soap. 

Note 1. — Soap is precipitated chiefly by 
calcium and magnesium ions commonly present 
in industrial water but may also be precipitated 
by ions of other polyvalent metals, such as iron, 
manganese, and aluminum and by hydrogen 
ions. 

Note 2. — For industrial waters, hardness is 
customarily measured by the amount of soap 
required to produce a stable lather. Measure- 
ment is usually made on water sample, the al- 
kalinity of which has been adjusted to the 
phenolphthalein end point to eliminate the 
effect of hydrogen ions. 

Note 3. — Hardness is expressed fundamen- 
tally in terms of the chemical equivalents of 
metal ion capable of precipitating soap. It has 
commonly been expressed in terms of the equiva- 
lent amount of calcium carbonate. 

Table I, — ^Delete the footnote reference 
mark “J” from the item “pH, electro- 
metric” under the heading “Miscellane- 
ous.” 

IV. Definition Published as 
Information 

Definition of Distilled Water (Pub- 
lished as information only). — Committee 
D-2 on Petroleum Products and Lubri- 
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cants requested Committee "D''19 to 
furnish either a specification or definition 
for distilled water, for use in chemical 
testing. Members present at the Febru- 
ary 19, 1946, meeting formulated the 
following definition and authorized it| 
publication as information only: 

DisiiUed Water , — Distilled water may be de- 
fined as water containing not more than 0.5 ppm. 
of dissolved solids, having a specific conductivity 
not greater than 2 micromhos per centimeter at 
25 C. and a pH between 6.5 and 7.5 at 25 C. 

Noie. — For specific applications, different 
limits may be required or permissible but water 
of the above defined quality is satisfactory for a 
great majority of applications requiring distilled 
water. Water satisfying the requirements of 
the above delinitioii ^vhen freshly distilled may 
have a pH as low as 5.5 after equilibrium with 
the atmosphere is reached. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, which consists of 73 mem- 
bers, with the results shown in Table I. 


TABLE I.-ANALYSiS OF LETTER BALLOT VOTE. 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

N,ew Tentat,ive Methods 
Test for Dissolved Oxygen In In- 

54-1 

58 

i 

S' 

Recommended Practice for Field 
Sampling of Water-Formed De- 
posits i 

0 

Revision, OT Tentative 
Test for Tendency of Boiler Wa- 
ter to Cause Embrittlement 
Cracking of Steel (D 807 - 44 T) 

531 

a 

8| 

Revision oe Standakd, Immedi- 
ate .Adoption 

Method of Reporting Results of 
Analysis of Industrial Waters 
(D S96-41). 

57 

11 

41 


: Activities, of Subcommittees 

Mr. 0. M. Elliott of tlie'Sun Oil Co., 
Philadelphia, Pa., was afforded an op- 
portunity to make a preliminary pres- 
entation of Ms colorimetric procedure 
for the determination of dissolved oxygen 
at a meeting of the Advisoiy Subcom- 
mittee held in Pittsburgh on October 21, 


1945. The following is his abstract of 

the method: 

This report to A.S.T.M. Committee D-19 dis- 
cusses preliminary work on a colorimetric test for 
dissolved ox>^gen in low concentrations. Refine- 
ments to the Winkler method are outlined. To 
date, all continue to use a titration or back titra- 
tions. A colorimetric test for dissolved oxygen 
in low concentrations is possible with the ab- 
sorption indicator alpha-napthoflavon. This 
indicator is more sensitive to iodine than starch. 
Its iodine absorption characteristics are outlined. 

A detailed laboratory procedure for a Winkler 
reaction colorimetric test for dissolved ox>"gen in 
low concentrations is outlined. Briefly, this 
consists of iodizing portions of the blank with 
varying known amounts of iodate; then adding 
sample and blank portions to alpha-naptho- 
flavon by flash mixing technique and matching 
colors. 

The indicator sensitivity is estimated to be 
plus or minus 0.001 ml. per liter and plus or minus 
0.0015 ml. per liter with free iodine equivalent 
to dissolved oxygen content of 0.005 and 0.0 10 
ml. per liter respectively. Above 0.010 ml. per 
liter the flash mixing technique becomes critical. 
Fixing reagents must be reduced to 1 ml. each 
and HCl used in place of JI 2 S 04 . 

No claims are made as to absolute accuracy. 

Subcommittee II, Editorial (E. P. 
Partridge, chairman). — The objective 
and general outline of the projected 
Manual on. Industrial Waters was re- 
viewed in detail. The Subcommittees on 
Sampling, Analysis, Classification, and 
Methods of Testing will be in a position 
to contribute material that has been 
published in the 1944 Book of A.S.T.M. 
Standards, Part III and its 1945 Supple- 
ment. 

Other chapters of the Manual would 
be devoted to uses of water, composition, 
sampling, analysis, and identification of 
water-formed deposits. Definitions pub- 
lished by the committee will be included 
in a glossary. A chapter on the proper- 
ties of water was suggested, as well as a 
chapter on the interpretation of analyti- 
cal i*esults. 

Subcommittee III an Methods of Samp- 
ling (D. E. French, chairman).- The 
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Subject Subsection on Sampling of Sta- 
tionary Boilers of Section A on Water is 
preparing revisions to the Tentative 
Recommended Practice for Sampling 
Boiler Water from Stationary Boilers 
(D 860 - 44 T), 

Subject Subsection on Sampling of 
Water at Atmospheric Pressure has made 
a study during 1945 for proposed ex- 
tensive revisions of the Standard Meth- 
ods of Sampling Plant or Confined 
Waters for Industrial Uses (D 510-41) 
and will present these revisions at a sub- 
sequent meeting of the subcommittee for 
comment and suggestions. 

Section B on Water-Formed Deposits 
intends to study more detailed sampling 
procedures which it will offer for sugges- 
tions and comments to the subcommit- 
tee as proposed revisions to the field 
sampling method being recommended as 
tentative this year. 

Section C on Steam was organized at 
the February 19, 1946, meeting to work 
on the development of methods for 
sampling steam. 

Subcommittee IV on Methods of Analy- 
sis (A. A. Berk, chairman). — The Sub- 
ject Subsection on Iron, Aluminum, and 
Manganese under Section A on Analyti- 
cal Methods has been studying revisions 
to the Tentative Method of Test for 
Total Aluminum and Aluminum Ion in 
Industrial Waters (D 857 - 45 T) and 
for Manganese in Industrial Waters 
(D 858 - 45 T). The proposed revisions 
will be offered to the subcommittee at a 
subsequent meeting for suggestions and 
comments. Four procedures are under 
study for determining iron and when 
agreement has been reached a proposed 
method will be submitted. 

The Subject Subsection on Silica has 
been studying proposed revisions to 
Tentative Methods of Test for Silica in 
Industrial Waters (D 859 - 45 T). The 
proposed revisions wdll be offered to the 


■subcommittee at a subsequent meeting 
for ■suggestions and comments. 

Progress reports were offered at the 
February 19, 1946, meeting by the fol- 
lowing subject subsections: Alkali Metals 
in Water, Dissolved Solids, Nitrogenous 
Substances, and Oil in Water. 

The members approved the appoint- 
ment of the personnel of a subject sub- 
section to undertake revisions to Stand- 
ard Method for Determination of Total 
Carbon Dioxide and Calculation of the 
Carbonate and Bicarbonate Ions in In- 
dustrial Waters (D 513 -41). The ma- 
jor revisions concern themselves with 
the apparatus feature of this method. If 
practical, nonreferee methods are to be 
prepared. 

Section B on Electrometric Methods 
reported that work on pH methods would 
be deferred until after the Symposium on 
pH Measurement to be held at the 1946 
Annual Meeting of the Society. The 
work on conductivity and polarographic 
methods remains to be organized. 

Section C on Special Methods reported 
that the work discussed in the 1945 An- 
nual Report^ of the committee was being 
continued. The question of nomen- 
clature is of considerable importance and 
the desirability of using chemical names, 
mineral terms, or a combination of min- 
eral terms with oxide designations was 
stressed. A report of this latter activity 
will be offered at a subsequent meeting of 
the subcommittee. 

Subcommittee V on Classification (L. 
K. Herndon, chairman).— At the Febru- 
ary 20, 1946 meeting L. K. Herndon was 
elected as chairman of this subcommittee 
and M. D. Baker as secretary. 

J. A. Holmes, the retiring chairman, 
had developed during 1945 definitions 
for alkalinity and hardness, and for 
terms used in water-formed’ deposits, 
which appear in the sampling method 

Am. Soc. Testing Mats., Vol. 45, p. 356 

( 1945 ). 
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being submitted as tentative. Standard 
Method D 596 is being revised as noted 
elsewhere in this report. 

Section B on Reporting Analyses of 
Water-Formed Deposits submitted a pre- 
liminary draft on a proposed method for 
reporting the results of analysis of water- 
formed deposits at the February 20, 1946, 
meeting of the committee. This meth- 
od, for the present, is directed to report- 
ing the results of the chemical analysis, 
and eventually it will provide for 
reporting results by microscopic, spectro- 
graphic, and X-ray diSraction methods. 
The preliminary draft has been circu- 
lated to the members of the subcommit- 
tee for comment and suggestions at a 
subsequent meeting. 

Suhcommittee VI on Methods of Test- 
ing (V. V. Kendall, chairman) .-—Under 
Section A on Corrosivity, the subject 
subsection on the Embrittlement Tester 
offered proposed revisions to Tentative 
Method D 807 as listed earlier in this 
report. 


The subject subsection on the N. D. 
H. A. Corrosion Tester submitted a re- 
vision to the third draft of this method. 
The paragraphs of the method have been 
changed to make the method all in- 
clusive, so that it can be used for measur- 
ing the corrosion rates in any water 
supply. The draft is being circulated to 
the subcommittee members for sugges- 
tions and comments and will be recon- 
sidered at a subsequent meeting of the 
committee. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 81 members; 63 members re- 
turned their ballots, of whom 58| have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

Max Hecht, 
Chairman, 

R. E. Hall, 

Secretary, 
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Since the June^ 1945,, iheeting in New 
York, N. Y,, Committee D-20 on Plastics 
and its subcommittees have held two 
meetings in Atlantic City, N. J. in 
October, 1945, and in March, 1946. 

L. A. Sontag has been appointed 
chairman of Subcommittee IX to suc- 
ceed W. L. Hess. M. E. Marks has 
been appointed chairman of Subcom- 
mittee I to succeed Lt. Col. M. H. 
Bigelow. H. K. Nason has been ap- 
pointed to represent Committee D-20 
on Sectional Committee Z26 on Safety 
Glass. W. N. Findley has been recom- 
mended for appointment on Committee 
E-9 on Fatigue. 

Special committees have been ap- 
pointed on the subjects of Simulated 
Service Testing with E. F. Seaman, 
chairman, and Ultimate Consumer Goods 
with Ephraim Freedman, chairman. 
These committees are to study their 
respective fields for the purpose of de- 
termining how Committee D-20 can be 
of most service. 

A special committee on Prosthetics 
with W. E. Gloor as chairman has been 
appointed to work with the Thomas 
England General Hospital on problems 
relative to artificial limbs, and similar 
devices. 

A special committee representing Com- 
mittee D-9 on Electrical Insulating Ma- 
terials and Committee D-20 with J. D. 
Ryan as chairman has been appointed to 
assist the armed forces in the technologic 
problems arising in connection with the 

* Presented at the Forty-ninth Annual Meeting o£ the 
Society, June 24-28 J, 1946. 


proposed research ■ program on plastics 
at Princeton University. 

Subsequent to the 1945 Annual Meet- 
ing, Committee D-20 presented to the 
Society through the Administrative Com- 
mittee on Standards a number of recom- 
mendations which are listed in Table I 
together with the results of the letter 
ballot vote in Committee D-20 and the 
date of acceptance by the Committee on 
Standards. The new and revised tenta- 
tives have been given the designations 
indicated and appear in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, 
Part III. 

Recommendations Affecting 
Standards 

The committee is submitting four 
proposed new tentatives, revisions in ten 
tentatives, revisions in one standard for 
immediate adoption, and recommends 
the adoption as standard of three tenta- 
tives. The titles and designations of 
these items are listed in Table II and 
the several revisions recommended are 
given in detail in the Appendix. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee, which consists of 138 voting 
members, with the results shown in 
Table 11. 

Activities of Subcommittees ' 

Ail of the subcommittees have been 
quite active. The work on specifica- 
tions has been somewhat lessened while 
that on test methods, analytical pro- 
cedures, and definitions has increased. 
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At the present time air of the subcom- 
mittees are engaged in writing statements 
on the significance of the tests for which 
they are responsible. 

Subcommittee I on Strength Properties 
(M. E. Marks, chairman). — Work is be- 
ing continued on the influence of the 
span-depth ratio on test results in flex- 
ural testing and on the influence of 
column length in compression testing. 
Various methods of evaluating impact 
strength and fatigue properties are also 
under study. Tentative methods for 
determining shear strength and bearing 


TABLE I.-RECOMMENBATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE ON STAND- 
ARDS, INCLUDING RECORD OF LETTER BAL- 
LOT VOTE. 


Items 

Affirm- 

ative 

i Nega- 
' tive 

Ballots 

Marked 

“Not 

Voting” 

New Tentative Methods oj Test for: 

Designating the Flow Tempera- 
ture for Thermoplastic Mold- 
ing Materials (D 863 ~ 45 T), 

accepted January 17, 1^46 

Coefficient of Cubical Thermal 
Expansion of Plastics (D 864 - 
45 T), accepted December 10, 

ms 

35 

2 

31 

47 

1 

18 

Revision oJ Tentative Methods of 
Test for: 

Deformation of Plastics Under 
Load (D 621 - 45 T), accepted 
December 10, 1945 

43 

' 1 

24 

Revision of Tentative Specifica- 
tions for: 

Phenolic Molding Compounds 
(D 700 - 45 Tl, accepted Decem- 
ber 10, ms 

31 i 

3 

42 


strength will soon be submitted to vote 
in the subcommittee, A new section on 
the bonding strength of laminates has 
been set up. Other items under con- 
sideration are a mandrel type flexibility 
test and methods for evaluating the 
strength properties of various types of 
laminates including high- and low-dens- 
ity materials and glass-fiber types. 

SubcommiUee II on Hardness Prop- 
Mies (L. Boor, chairman). — Studies are 
being continued on various methods of 
evaluating hardness properties, such as 


indentation, scratch, and falling abrasion 
methods. The Rockwell method is also 
being studied further with the hope of 
broadening its scope and increasing its 

accuracy. 


TABLE II.— ANALYSIS OF LETTER BALLOT VOTE. 


^ Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. New Tentatives 

Test for Estimating Blocking of 
Sheet Materials 

44 

1 

30 

Test for Tensile Properties of 
Thin Plastic Sheets and Films. 

56 

0 

,25 

Test for Deviation of Line of 
Sight Through Transparent 
Plastics 

43 

0 

39 

Definitions of Terms Relating 
to Plastics: 

Plastic, as an adjective 

64 

0 

17 

Pseudo-stable 

62 

3 

16 

11. Revisions of Tentatives i 
S pec, for Cellulose Acetate Mold- 
ing Compounds (D 706 -44 T) . . 

40 

1 

40 

Spec, for Cellulose Acetate Bu- 
tyrate Molding Compounds 
(D 707-44 T) 

38 

1 

42 

Spec, for Nonrigid Vinyl Chlo- 
ride-Acetate Resin Plastics 
(D742-44 T) 

40 

1 

40 

Spec, for Ethyl Cellulose Mold- 
ing Compounds (D 787 -44 T).. . 

40 

1 

40 

Spec, for Cellulose Nitrate 
(Pyroxylin) Plastic Sheets, 
Rods, and Tubes (D 701 - 
44T)..... 

26 

0 

55 

Test for Impact Resistance of 
Plastics (D 256-43 T)“ 

63 

1 

17 

Test for Tensile Properties of 
Plastics (D 638 -44 T) 

63 

0 

-18 

Recommended Practice for Long- 
Time Tension Tests of Plastics 
(D 674-42 T) 

51 

2 

28 

Rec. Prac. for Resistance of 
Plastics to Accelerated Serv- 
ice Conditions (D 756 - 44 T) . . . 

53 

0 

28 

Method of Conditioning Plastics 
(D618-4ST) 

55 

2 

24 

III. Revision of Standard, 
Immediate Adoption 

Method of Test for Acetone 
Extraction (D 494 - 41)^ 

48 

2 

31 

IV. Adoption OF Tentatives as 
Standard 

Spec, for Cast Methacrylate 
Plastic Sheets, Rods, Tubes, 
and Shapes (D 702 - 43T) 

3.2 

0 ' 

49 

Spec, for Urea-Formaldehyde 
Molding Compounds (D 705 - 
^43 T) 

33 

0 

48 

Test for Shear Strength of Plas- 
tics (D 732 - 43 T) 

47 

1 

‘ 33 


^ " The recommended revision of Method D 256 was sub- 
mitted subject to concurrence of Committee D-9 but this 
revision was not approved by Committee D-9 in time for 
adoption in 1946, 

0 The reco^ended revision of Method D 494 was 
submitted subject to concurrence of Committee D-9 and 
was approved by that committee, see p, 407. 


Subcommittee III on Thermal Prop- 
erties (W. A. Zinzow, chairman).-— A 
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romd-robiii test together with , a ques- 
tionnaire involving the flow temperature 
of thermoplastic materials is under way. 
It is hoped to find w^ays and means of 
revising the method to give more re- 
liable results. Work is also under way 
in an attempt to broaden the scope of 
the heat distortion method and on devel- 
oping a satisfactory method for deter- 
mining ignition temperatures of plastics. 

Subcommittee IV on Optical Properties 
(W. F. Bartoe, chairman). — ^Develop- 
ment of methods of test involving the 
use of the General Electric recording 
spectrophotometer and the use of an 
integrating sphere are being continued. 
Further work is also being done on the 
method for haze and light transmission. 

Subcommittee V on Permanence Prop- 
erties (J. H. Teeplej chairman). — ^The 
Tentative Recommended Practice for 
Operating Light and Water Exposure 
Apparatus (D 822-45 T),^ prepared by 
Committee D-1 on Paint, Varnish, 
Lacquer and Related Products, is being 
studied in order to determine its applica- 
bility to plastics. Studies on weight 
loss on heating by use of the Abderhalden 
type oven are being continued, and a 
tentative method should soon be ready 
for subcommittee letter ballot. The 
method for water vapor permeability is 
under consideration with the idea of 
bringing it in line with similar methods 
developed by other groups. Also under 
consideration are revisions of the color- 
fastness test and the accelerated weather- 
ing tests; it is hoped that controlled 
voltage to the light source will greatly 
improve these methods. 

Subcommittee VI on Specifications (G. 
M. Kline, chairman). — ^Work on tenta- 
tive specifications for polystyrene sheets, 
plates, rods and tubes is being continued. 
The subcommittee is continuing' the co- 


1 1945 Supplement to Book of A.S.T.M. Standards, 
Part 11. , 


operative work with the National Elec- 
trical Manufacturers Association on. 
tentative specifications for post-forming 
laminating materials. A study is being 
made on the possibility of combining 
the specifiications for vinylidene chloride 
(D 729) and vinyl chloride-acetate resins 
(D 728). This subcommittee is continu- 
ing its cooperation with the Society of 
the Plastics Industry on a Classification 
of Plastics. 

Subcommittee VII on Analytical Prop- 
erties (P. D. Brossman, chairman).— 
Methods for determining free phenol and 
formaldehyde in phenolic resins and 
insolubles in polystyrene resins are being 
developed. Work is being continued on 
a method for determining plasticizer, 
residual solvent, pigment, and filler in 
cellulose ester plastics. A revision of 
the Tentative Method of Test for 
Specific Gravity (D 792 - 44 T) has been 
sent to letter ballot in the subcommittee. 

Subcommittee VIII on Research (H. K. 
Nason, chairman). — The program on im- 
pact properties is being continued and a 
formal program on flow properties is be- 
ing set up. Some developments of this 
subcommittee are being incorporated in 
the existing test methods and others will 
be ready for submission in the near 
future. Papers of an original nature are 
solicited for future meetings. 

Subcommittee IX on Molds and Mold- 
ing Processes (L. A. Sontag, chairman). — 
Problems under active consideration are 
the effects of molding and mold design 
on physical properties, standardization 
of mold design of test specimens, and 
standardization of molding technique. 
Several items have been submitted to let- 
ter ballot in the subcommittee. 

Subcommittee X on Definitions, Nomen- 
clature, and Significance of Tests (G. W. 
Clark, chainnan).— A number of defini- 
tions are under study. A standard sys- 
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tem , for designating the direction of 
testing specimens is being developed. 
Considerable work is under way on the 
subject of significance of tests; as the 
other subcommittees propose statements 
on the significance of the tests under their 
jurisdiction, they will submit them to this 
subcommittee for final consideration be- 
fore being presented to Committee D-20. 

The election of ofi&cers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, Robert Burns. 

First Vice-Chairman, G. M. Kline. 


Second Vice-Chairman, M. L. 
Macht. 

Secretary, A. J, Warner. 

This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 138 voting members; 85 members 
returned their ballots, of whom 76 have 
voted afl&rmatively and 0 negatively. 

Respectfully submitted on behalf of 

the committee, 

Robert Burns, 
Chairman. 

L. W. A. Meyer, 

Secretary. 


Editorial Note 

Subsequent to the Annual Meeting, Committee D-20 presented to the So- 
ciety through the Administrative Committee on Standards the proposed 
Tentative Definition of the Noun Plastic. This recommendation was ac- 
cepted by the Standards Committee on July 10, 1946, and the new tentative 
appears in the 1946 Book of A.S.T.M. Standards, Part III-B bearing the 
designation D 883 - 46 T. 

On September 9, 1946, the Standards Committee accepted the following 
recommendations submitted by Committee D-20: 

Revision of T entaiive Specifications for: 

Cellulose Acetate Molding Compounds (D 706 -• 46 T), 

Laminated Thermosetting Materials (D 709 - 46 T), 

Cellulose Acetate Plastic Sheets (D 786 - 46 T), and 

Ethyl Cellulose Molding Powders (D 787 -46 T), 

The revised tentative specifications appear in the 1946 Book of A.S.T.M. 
Standards, Part III-B. 


APPENDIX 


RECOMMENDATIONS AFFECTING: STANDARDS FOR PLASTICS 


In this Appendix are given recom- 
mendations affecting certain standards 
and tentatives covering plastics which 
are referred to earlier in this report.* 
These standards and tentatives appear 
in their present form in the 1944 Book of 
A.S.T.M. StandardSy Part III. 

Revisions oe Tentatives 

Tentative Specifications for CeHiilose 
Acetate Molding Compotinds (B 706 - 

44 T): 

Tentative Specifications for Celtilose 
Acetate Butyrate Molding Compounds 
(D707--44T): 

Tentative Specifications for Nonrigid 
¥inyl Chloride -Acetate Resin Plastics 
(D 742-44T): 

Tentative Specifications for Ethyl Cel- 
lulose Molding Compounds (D 787 - 

45 T): 

In each of the above four specifications 
it is recommended that the requirements 
for dielectric strength be deleted from 
Table II, and also that the reference to 
the dielectric strength test in Section 6 be 
omitted. It is generally agreed that this 
property is not critical in the case of these 
plastic molding compounds and hence its 
inclusion in these specifications is con- 
sidered an unnecessary burden. 
Tentative Specifications for Cellulose 
Nitrate (Pyroxylin) Plastic Sheets, 
Rods, and Tubes (B 701 - 44 T) : 

The following revision of these speci- 
fications is recommended in order to 
improve the analytical procedures: 


■ Section 4.— Change the first sentence 
.of Paragraph {b) to read as foliows by the 
addition of the italicized words and the 
omission of those in brackets: “Cellulose 
nitrate plastic shall be manufactured 
from approved cellulose nitrate (Para- 
graph ,(a)) with suitable plasticizers, or 
from reworked material having acidity 
not greater than 25 epm. (see Noted, 
Section 6 {d)) and a fuming-off .tempera- 
ture of not less than [160 C. '(320 F.)] 
165 C. {329. F5) (Section 6 (^;)), 'or from 
mixtures of the two.^’ 

In Paragraph (d) change the fummg- 
off temperature from “160 C. (320 F.)^^ 
to read-“165 C. (329 F.).” 

Add the following new Paragraph (e) 
to read as follows, relettering the 
present Paragraph (e) as (/): “(^) 
Acidity. — ^The free acidity of the finished 
plastic shall not exceed IS epm. (see 
Note 1, Section 6 {d))F 

Section 6. — Change ■ Paragraph ' (6) to 
read as follows: 

{b) Residual Volatile Matter . — From the 
sample, cut shavings O'.OOS to 0.010 in. in thick- 
ness, transferring these shavings immediately 
into a tared weighing bottle until approximately 
1 g. of the sample . has been prepared. Care 
shall be taken to keep evaporation, of solvents 
at a minimum,. Weigh the sample and the 
container to the nearest 0.1 mg. Heat with the 
cover removed in a vacuum oven at 50 C. 
(122 F.) under a vacuum of at least 28 in. of 
mercuiy for 2 hr. Cool, weigh, and return to 
the oven for another 2 hr. at 50 C. (122 F.). 
Cool and weigh again. The loss in weight 
during the second heating is assumed to be due to 
the loss of plasticizer, and loss of plasticizer is 
also assumed to take place during . the first' 


1 See p. 461. 
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heating .period at the same rate. Calculate the 
residual volatile matter as follows: 

Residual volatile matter, per cent 

first wt. loss — second wt. loss 

~ __ — ^ ^ X 

wt. of sample 

It is recognized that there are other methods 
of test w^hich are more efficient as control tests 
ljut wffiich are of limited application and cannot 
be used in a general specification. In case any 
of these tests are used, the vacuum oven test 
for determining residual volatile matter, as set 
forth in this paragraph, shall be used as referee 
in case of dispute. It must be further recog- 
nized that the vacuum oven test provides rela- 
tive data only; it does not measure the absolute 
value of the volatile constituents. 

Change Paragraph (c) to read as 
follows: 

(c) Fuming-of Temperature , — The sample 
shall be prepared by taking shavings not thicker 
than 0.001 in. from the test piece which shall be 
clean and free from finger-prints. The shavings 
shall be taken by scraping the plastic with a 
suitable scraper or with a freshly broken piece of 
glass. To free the shavings of excessive moisture 
and solvents they shall be heated for 2 hr. in an 
oven at 50 C. (122 F.). Approximately 0.1 g. of 
the blended shavings shall be introduced into a 
dry, clean, 6 by 0.5 in. test tube which shall then 
be lightly stoppered with a new perforated or 
notched cork stopper and immersed 2 in. in a 
liquid bath at 100 C. (2 12 F.) . The bath shall be 
heated so that the temperature rises at the rate 
of not less than 3 nor more than 5 C. (5 and 9 F.) 
per min. until the sample decomposes explo- 
sively. This temperature shall be recorded as 
the fuming-ofi temperature. Not few^er than 
5 tests shall be run on each sample, and the 
average of the five reported as the fuming-off 
temperature. The test shall be repeated for all 
samples which do not decompose explosively. 

Replace the present Paragraph {d) on 
plasticizer content with the following: 

(d) Free A 1.00 ± O.l-g. sample of the 

material shall be dissolved in 10 ml. of distilled 
water and 100 ml. of acetone. When solution is 
complete the cellulose nitrate and plasticizers 
shall be precipitated by adding another 25 ml. 
of water in such a manner that a fine slurry is 
formed. A few drops of methyl red indicator 
shall be added and the suspension titrated with 
0.01 N sodium hydroxide. A blank shall be 


run on the acetone-water mixture. Calculate 
the amount of free acid as follows : 

(R — 

Acidity, epm, = - — — — ^ X 1000 
rr 

where: 

R — milliliters of NaOH solution required to 
titrate the sample, 

S — milliliters of NaOH solution required to 
titrate the blank, 

T — normality of the NaOH solution, and 
W = grams of sample used. 

Note 1. — Epm. is an abbreviation for equiva- 
lents per million. It is a useful measure for 
expressing acidity or alkalinity in terms of 
acidic hydrogen concentration in parts per 
million. Acidity expressed as epm. is inde- 
pendent of the jrind of acid present. 

Note 2. — In case a dye in the plastic obscures 
the methyl red end point, the end point may be 
taken at a pti of 5.3 in electrometric titration. 

Tentative Methods of Test for Impact 

Resistance of Plastics and Electrical 

Insulating Materials (D 256 - 43 T) : 

In order to introduce a standardized 
notching procedure in the preparation of 
specimens for the impact strength test, 
the following revision is recommended: 

Section 3 (a). — Change the second 
sentence of this paragraph to read as 
follows: “To ittvSure the correct contour 
and condition of the specified notch, all 
specimens shall be notched in accordance 
with the directions in Section 4.’^ 

N&w Section. — Add a new Section 4 to 
read as follows, renumbering the sub- 
sequent sections accordingly: 

4. Notching Test Specimens: (a) Notching 
shall be done with a milling cutter. The cutting 
edge shall be carefully ground and honed to 
insure sharpness and freedom from nicks and 
burrs. The included cutting angle of the tool 
shall be 45 rb 1 deg. with a radius of 0.010 db 
0.001 in. at the intersection of the arms of this 
angle. Tools with no rake and with a work- 
relief angle of 15 to 20 deg, have been found 
satisfactory. 

(b) The tool shall be so mounted that the 
plane which bisects the included cutting angle 
is perpendicular to the axis of rotation within 
plus or minus 2 deg. Any standard milling 
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machine or lathe may be used for the cutting 

operation. 

(c) Inspection of a notclieci specimen may be 
made instead of inspection of the cutter for any 
materia! in which the relation between notch 
dimensions and cutter dimensions has been 
established. The contour and alignment of 
multi-toothed cutters shall be determined from, 
the notch which the cutter produces in a suitable 
material. 

(d) The linear speed of the cutting tool shall 
not exceed 600 ft. per min. (Note 5). 

(e) The feed shall be slow enough to result in a 
smooth cut. Speeds in the range from 0.5 to 5.0 
in. per min. have proved satisfactory for some 
materials (Note 5). 

Note S. — While the speed ranges given in 
Paragraphs (d) and (e) have produced satis- 
factory notches in some plastic and electrical 
insulating materialSj it may be necessary to 
study the effect of variation in these conditions 
when unfamiliar materiais are to be notched. 

(/) After each 500 notcheSj or more often, if 
hard abrasive materials are being notched, the 
cutter or a notched specimen shall be inspected 
for sharpness, freedom from nicks, radius of 
tip and angle. If any signs of dullness are 
apparent, or if the angle and radius do not fall 
within their specified limits the cutter shall be 
replaced with a newly sharpened and honed one. 
A microscope with a camera lucida attachment 
is suitable for checking the radius and angle of 
either the cutter or notch. 

Note 6. — Relatively close tolerances must be 
imposed upon the angle and radius of the notch 
because these factors largely determine the 
degree of stress concentration at the base of the 
notch during the test. The maintenance of a 
sharp, clean-edged cutting tool is particularly 
important since minor defects at the base of the 
notch can cause large errors in test results. 

Section 5. — Renumber the present 
Note 5 in .this section as Note 7. 

Section 8 (a). — Change the second 
sentence to read as follows: insure 

the correct contour and condition of the 
specified- notch, all specimens shall be 
notched in accordance with the directions 
ill Section 

Tentative Method of Test for Tensile 
Properties of Plastics (D 638 - 44 T): 
Fig. 1 . — Change the tolerance in 
inches for dimension R-^-width of flat 


section, from ““-O.OOCI and +0.005 

to read *^db0.01() ill.”' 

■ From the second sentence of footnote 
a, delete the phrase “suitabty on a 2i0» 
in. minimum radius.” 

Add the following as footnote e, 
referenced at “W-Widtli of flat section” 
in the column ‘T3imeiisio!i, in.” : 

«For molded specimens a draft of., not. over 
0.005 in. may be allowed for the specimens 0.125. 
in. in thickness, and this should be. taken IntO' 
account when calculating width of the specimen. 
Thus, the cross-section of the molded specimen 
wmiild be as follows: 



Tentative Recoimnended Practice for 

Long-Time Tension Tests of Plastics 

(1)674 - 42 T): 

. The committee .recommends that this 
recommended practice be made a method 
of test and revised as follows: 

Title . — Change the words ^Tieconi- 
mended Practice” to read “Method of 
Test.” 

Scope . — In the first line change the 
words “recommended practice” to read 
“method of test” and add the following 
new Paragraph, (c): “(e) The engineering 
significance of data obtained by long- 
time tension tests , , is not presently 
known.” 

Section 4.— Delete this section 0,11 
classifications of materials. 

Section 7 . — Replace this section with 

the following: 

“7, Conditioning . Test : Specimens .- — 
Test specimens shall be conditioned in, 
accordance with the Tentative Methods 
for Conditioning Plastics and .Electrical' 
Insulating Materials for Testing ., .(A.S. 
T.M. Designation: D 618).” 
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Section 8 —Delete Paragraph (a) and 
reletter the subsequent paragraph ac- 
cordingly. 

Section 10: — ^Change item {6) from 
“preconditioning procedure used” to 
read “conditioning procedure used.” 
Omit item (7) and renumber the sub- 
sequent items accordingly. 

Tentative Methods of Test for Resist- 
ance of Plastics to Accelerated Service 

Conditions (D 756- 44 T): 

The committee recommends a revision 
in the scope of this accelerated test 
method and also a few minor changes in 
the method of conditioning as follows; 

Section L — Change the last sentence 
of Paragraph (a) from “(See Explana- 
tory Notes 1 to 4)” to read “(See 
Explanatory Note 1).” In Paragraph 
(i») delete the reference to Note 3 in the 
first line. 

N&m Section. — Add as a new Section 2 
the present Explanatory Notes 1, 2, and 
3, designated respectively as Paragraphs 
2 {a)y (b), and (c), and revised to read as 
follows; 

2. (a) The testing conditions covered in these 
methods represent a start towards organizing a 
group of test procedures for determining the 
effects of specified changes of atmospheric 
temperature and humidity upon plastic articles. 
These procedures have been used for testing both 
thermosetting and thermoplastic materials. 

Note. — ^The test procedures covered in these 
methods have been drawn from various tests 
used in branches of the plastics industry, and by 
government agencies in procurement of materials. 

(&) While several of the testing temperatures 
are not used in other A.S.T.M. methods, they 
have a background of several years experience 
in portions of the plastics industry. Especially 
in procedures IV and V (Sections 11 and 12) the 
accelerating effect of temperature in prompting 
changes caused by a rise in humidity leads to 
temperatures which are well above those 
encountered in normal service, and they are 
used simply to accelerate change. 

(c) Procedure I (Section 8) has been found to 
develop warping, weight change and exudation 
in plastic parts. Procedure II (Section 9) is 
designed to reveal poorly cured plastics by 
developing cracks in tiiem. Procedures III and 


IV are more severe measures of the same ten- 
dencies developed in procedure I; the conditions 
of procedure IV will produce noticeable chemical 
decomposition in many plastics. Procedure V 
(Section 12) is especially valuable in testing the 
behavior of plastic parts with metallic inserts 
and laminates, for cracking on exposure to 
temperature change. Procedures VI and VII 
are modifications of procedure I, applying to 
impact-resistant and low heat-distortion tem- 
perature types of thermoplastics, respectively. 

Section 4. — Renumber as Section 5 and 
change to read as follows: 

S. Conditioning.— {a) Test specimens 
shall be conditioned prior to testing and 
reconditioned at the end of the test 
procedure at the standard laboratory 
atmosphere of 25 dh 1 C. (77 db 2 F.) and 
50 db 2 per cent relative humidity, unless 
otherwise specified. Test specimens of 
material J in. or less in thickness of 
plastic section shall be conditioned for a 
minimum period of 40 hr., and specimens 
of material over f in. in section thickness 
shall be conditioned for a period of at 
least 88 hr. in accordance with the 
Tentative Methods of Conditioning 
Plastics and Electrical Insulating Mate- 
rials for Testing (A.S.T.M. Designation: 
D 618),2 

Explanatory Notes. — Delete the pres- 
ent Notes 1, 2 and 3. Insert the 
following four sentences after the first 
sentence of the present Note 4, renumber- 
ing it as Note 1: “In making such cycle 
tests, the initial conditioning shall be 
given, followed by exposure to the test 
as stated. Subsequent test procedures 
shall be applied without reconditioning 
the specimen at the end of each unit of 
the cycle. For instance, in carrying out 
a three-cycle exposure to procedure I, 
the first cycle shall be carried out in 
accordance with Sections 8 (a) to (A), the 
second cycle in accordance with Sections 
8 (c) to {h)j and the third cycle in accord- 
ance with Sections 8 (c) to (j). The 
reconditioning shall always be carried out 

2 1946 Book of A.S.T.M. Standards, Part III-B. 
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at the end of the test cycle unless sample 
failure makes this step appear, trivial,” 

Tentative Method for Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing fD 618 - 45 T) : 

This method is being revised to 
include an additional functional proce- 
dure recommended for use when effects of 
exposure to heavier atmospheric moisture 
are to be determined. The revised 
method is appended hereto,^ 

Revision of. Standard, Imimediate 
Adoption 

Standard Method of Test for Acetone 
Extraction of Phenolic Molded or 
Laminated Products (D 494 - 41) : 

New Section . — Add a new Section 2 to 
read as follows, renumbering the sub- 
sequent sections accordingly: 


2. Significance of Test.— (a) For molded 
phenolic products, acetone extraction should be 
considered solely as a, quantitative expression of a 
property normally associated with degree of 
cure. There is no demonstrably rigorous rela- 
tion between the optimum mechanical and 
electrical properties of a well-cured piece and 
the numerical value of the acetone test. The 
amount of acetone-soluble matter is affected by: 
(i) Nature of resin and filler, ' (2) Lubricant, 
(3) Molding temperature, (4) Length of cure, 
(5) Thickness of the section from which sample 
is taken, (d) Nature of molded piece, (7) 
Technique used in molding, (S) Distribution of 
fines in the materia! to be extracted, and (9) 
Method of grinding specimen. These variations 
under some conditions may cause a difference of 
3 to 4 per cent in acetone extractable matter. 
For this reason, the method should be used only 
as a comparative test for measuring undercure. 

(6) For laminated phenolic products, acetone 
extraction indicates the change in stage of cure 
of the material, change in type of resin used, or 
presence of acetone extractable addition agents. 


REPORT OF COMMITTEE E4* 

ON 

METHODS OF TESTING 


Committee E-1 on Methods of Testing 
has held no meetings since its previous 
report to the Society in 1944. A number, 
of meetings have been held, however, 
of the various sections of the committee 
as noted later in this report. While 
many members of the committee found 
it necessary to devote their attention to 
war-time activities, it is now planned to 
review the programs of the various tech- 
nical committees and it is expected that 
this will result in the formulation of an 
active program of work. 

The Executive Committee of the So- 
ciety appointed three representatives- 
at-large to serve on the Advisory 
Committee, namely, L. H. Fry, The Lo- 
comotive Institute, D. E. Parsons, Na- 
tional Bureau of Standards, and T. Smith 
Taylor, U. S. Testing Co., each for a 
three-year term expiring in 1948. 

The committee records with sorrow 
the death on November 6, 1945, of 
Professor E. C. Bingham, one of its 
most active and cherished members; 
Professor Bingham was an authority and 
pioneer in the science of rheology. He 
rendered notable service .to Committee 
E-1 for the past twenty years as chair- 
man of Technical Committee II on 
Consistency, Plasticity, and Related 
'Properties. 

Revision OF ■ Stanbaed, Immediate 
Adoption 

The cotnmittee recommends revisions 
in two of its- standards as given below, 
and ' asks for a. ; iiine-tenths affirmative 

. . ■’** Presented at the Forty-ninth Annual Meeting' of th- 
Society* June 24-28, 1946., , 


vote at the annual meeting in order that 
these recommendations may be referred 
to letter ballot of the Society: 

Standard Methods of Tension Testing 
of Metallic Materials (E 8-42) : 

Section i.— Change the first sentence 
to read as follows by the addition of the 
italicized words: “"These methods and the 
figures %vhich are a part of the methods 
cover the apparatus, specimens, and 
procedures for the tension testing of 
metallic materials. 

Ne%v Section . — xAdd the following new 
Section 4, renumbering the present sec- 
tions accordingly: 


4. Test Improperly prepared 

test specimens often cause unsatisfactory test 
results. It is important, therefore, that care 
be exercised in the preparation of specimens, 
particularly in the machining, to assure good 
workmanship. 


Fig. i.— -Change the illustration of the 
8-in. gage length rectangular tension test 
specimen to read as follows: 


_ ^Pora/fe/ Section 
not f ess than 
Parofiet within 0.010*" 


— .J- 

h - 



^ 

■ \ 


Rr 

\ ' 

I ^ 
1 

_ 0. 0/ ‘"Gage Length 

or Measuring £tonga, 
after Fracture 

fion 


Approximately 2" 


- 3 - 


Radius 


Note l.-^-When necessary, it is permissible to use a nar- 
rower specimen, but in such a case the reduced portion 
shall be not less than 1 in. in width. 

Note 2.— Punch marks for measuring elongation after 
fracture shall be made on the flat or on the edge of the 
sj^ecimen and within the parallel section; either a set of 
nine punch marks J. in. apart, or one or more sets of S-in. 
punch marks may be used. . 

Note 3.— The dimension is the thickness of the test 

.specimen as provided for in the applicable material speci- 
fications. 
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Section Renumber as Section 19 
and change to read as follows by the 
addition of the italicized words and 
figures: 

19. For the kst specimen illustrated in Fig. i, 
Uw width slimdd he measured at eacl end of the 
gage length to determine parallelmn, and also at 
the center. The thickness should, be measured at 
the center only and used with the center measure- 
ment of the width to determine the cross-section area. 
The center width dimension should be recorded to 
the nearest 0.005 in.,, and the thickness measure- 
ment to the nearest 0.001 in. The dimensions of 
cross-section of all other tension test specimens 
shall be measured by means of a measuring in- 
strament, preferably reading to 0.5 per cent, of 
the dimensions measured and in any case to at 

. least 0.001 in. The stress shall be calculated 
. on the basis of the .minimum cross-section as 
determined by measurement. 

Section 19 . — Renumber as Section 20 
and .change' to read as follows: 

20. Speed of Testing. — Speed, of testing may. 
be defined in terms of rate of relative movement 
of the heads of the testing maclfine, in terms of 
rate of stressing the specimen, or in terms of rate 
of straining the specimen. , For many materials 
specifying the rate of relative movement of the 
heads is adequate; for some materials specifying 
rate of stressings may be preferable; for other 
materials specifying rate of straining is necessary 
in order to obtain test values within acceptable 
limits. Suitable limits for speed of ,|:esting 
should be specified for materials for which the 
.differences resulting from the use of different 
.speeds, .are of such magnitude that the test 
results are unsatisfactory for determining the 
acceptability of the material. In such instances, 
depending upon the material and the use for 
which it is intended, one or more of the methods 
described in the following Paragraphs (a) to (r) 
is recommended for specifying speed of testing: 

(a) Crosshead Speed. — ^The allowable limits 
for the speed of the crosshead of the testing 
machine shall be specified in inches per minute. 
Unless otherwise indicated, crosshead speed 
shall mean the free-running or no-load speed 
of the crosshead of the testing machine. The 
limits for the crosshead speed may be further 
qualified by specifying different limits for various 
types and sizes of specimens. The average 
crosshead speed can be experimentally deter- 
mined by using a suitable scale and stop 
.w.atck 


(b) Rate of Stressing. — The allowable limits 
for rate of stressing shall be specified in pounds 
per square inch, per minute. ,TIie average rate 
of stressing can he determined with a stop watch 
by observing the time required to apply a known 

■ increment of stress. 

(c) Rate of Straining. — The allowable limits 
for rate of straining shall be specified in inches 
per inch per minute. The average rate of strain- 
ing can be determined with, a stop watch by 
observing the time required to effect a ' known 
increment of strain. 

{d) Any convenient speed, of testing' may be 
.. used up to one-half the specified yield strength 
or yield point, or up to one-quarter the specified 
tensile strength, . wdiichever is smaller. The 
speed above this point shall be within the limits 
specified. If different speed , limitations are 
desired for use in determiii.i.ng yield strength, 
yield point, tensile strength, elongation, and 
reduction of 'area they should be stated, in the 
product specifications. 

■ Note.-— In , writing new standards, or in re-, 
.vising old standards, the A. S.T.M. product 
specifications committee will have the responsi- 
bility of ■ deciding for my give,n material what 
method of measuring speed of. testing is to be 
used, and of specifying suitable numerical limits 

■ for crosshead speed, rate of stressing, or rate of 
straining. 

Standard Specifications for A.S.T.M. . 
Thermometers (El -44): 

The following revisions 'in this . stand- 
ard are recommended for i,mmed.iat.e 

adoption: 

Omit from the designations of each , thermom-^ 
eter the symbol and also the parentheses. 

Ail dimensions on both Fahrenheit and Centi- 
, grade thermometers to be in millimeters, except 
■use inches for immersion designation on Fahren- 
heit thermometers. 

Immersion line on thermometers to be ap- 
proximately same length as longest graduation 

line. 

Special markings on thermometers to be in 
capital letters without use of periods after ab- 
breviations. 

■■ Add “Saybolt Vis.^’ to requirements for ■ 

■ special marking .on A.S.X.M.. Saybolt viscosity, 
thermometers. 

Substitute ®TARAFFIN’^ ,for abbreviation 
“Pffed^-on paraffin wax melting point, thermo,m- 
eters 14C and 14F. 

These reconi.mendatioiis have been 
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submitted to letter ballot of the commit- 
tee which consists of 58 members; 44 
members returned their ballots with the 
following results: E8-42, 35 affirma- 
tive, 0 negative and 9 ^^not voting’^; 
E 1-44, 31 affirmative, 0 negative and 
13 “not voting.’^ 

Activities op Technical Committees 

Technical Committee I on Mechanical 

Testing (H. F. Moore, chairman) : 

The activities of the sections of Techni- 
cal Committee I have centered around 
problems which have arisen during the 
war period. 

Section on Speed of Testing (P. G, 
McVetty, chairman). — ^The problems 
concerned with speed of testing have 
been difficult and important. They 
affect the work of other sections of 
Technical Committee I, especially the 
Section on Tension Testing and the 
Section on Elastic Strength. The Sec- 
tion on Speed of Testing held a meeting 
on February 26, 1946, in Pittsburgh, Pa. 
An extensive correspondence with critics 
of the present methods of specifying 
speed of testing now in the A.S.T.M. 
Standards has been carried on, and the 
section has, by letter ballot, voted to 
recommend a change in Section 19 of 
Standard Methods E 8 as given earlier 
in this report. The proposed revised 
Section 19 recognizes three methods of 
measuring speed of testing. (1) Meas- 
uring the rate of motion of the free run- 
ning head of the testing machine, which 
seems satisfactory for tension tests of a 
number of materials, (2) Measuring 
the rate of application of stress, which 
seems satisfactory and feasible for some 
tests, and (3) Measuring the actual rate 
of straining, which is somewhat more 
difficult to use in routine tests, but seems 
to be necessary, or at least highly desir- 
able for some materials. 

In writing new standards, or in revis- 
ing old standards the A,S.T.M. product 


specifications committee will have the 
responsibility for deciding for any given 
material what method of measuring speed 
of testing is to be used, and for specify- 
ing suitable numerical limits for cross- 
head speed, rate of stressing, or rate of 
straining. 

Section on Tension Testing (R. L. 
Templin, chairman). — This section held 
a meeting on February 26, 1946, at 
Pittsburgh. The proposed requirements 
for speed of testing were discussed. 
Various difficulties in connection with 
shape and sizes of tension specimens 
were discussed, and arrangements made 
for cooperation with the Society com- 
mittees on various materials, especially 
with Subcommittee XIII on Methods 
of Testing, of Committee A-1 on Steel. 
Consideration was given to problems 
arising in connection with tests of non- 
metallic materials, and "tension tests of 
powdered metals. 

Section on Compression Testing (M. F. 
Sayre, chairman). — The revision of the 
Tentative Methods of Compression Test- 
ing of Metallic Materials (E9~33T) 
that has been under consideration by 
this section for the past several years is 
expected to be completed^ in time for 
inclusion in the new edition of the Book 
of A.S.T.M. Standards. 

Section on Elastic Strength (F. B. 
Seely, chairman). — ^The Standard Defi- 
nitions of Terms Relating to Methods 
of Testing (Ed - 36) are affected by the 
proposed change in Standard E 8, and 
consideration of these changes is planned 
at a meeting of the section to be held 
during the Annual Meeting. 

Section on Calibration of Testing Ma- 
chines and Apparatus (H. F. Moore, 
chairman). — This section held a meet- 
ing on February 27, 1946, at Pittsburgh. 
Three projects were discussed, and 
assigned to task groups for report at the 
June meeting. These projects were: 

i Editorial Note, p. 47§. . .. 
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(1) The removal, as far as possible, 
of, conflicts between the A;S.T.M. Stand- 
ards for elastic calibration devices and 
the Bureau of Standards requirements 
for proving rings for testing machines. 
The task group for this work includes a 
representative from the Bureau of Stand- 
ards, an extensive user of testing 
machines for routine tests, and an 
engineer from one of the large manu- 
facturers of testing machines. 

(2) A task group to study and pre- 
pare a draft of standard methods of 
calibrating large testing machines (ma- 
chines of 1,000,000-lb. capacity and 
over). This task group consists of a 
representative of the Bureau of Stand- 
ards, a representative of a large manu- 
facturer of testing machines, and a 
member of the technical staff of one of 
the large U. S. Navy laboratories. 

(J) The preparation of a draft which 
shall make the standards for the cali- 
bration of testing machines a separate 
standard from the standard for calibrat- 
ing devices, especially elastic calibrating 
devices, such as proving rings, proving 
bars, etc. 

Technical Committee II on Consistency, 

Plasticity, and Related Properties (Rob- 
ert Burns, secretary) : 

This technical committee has suffered 
a severe loss in the death of its chairman, 
E. C. Bingham, 

Due to the war effort it was necessary 
to defer active consideration of several 
committee projects. The general pro- 
gram of work will be reviewed at the 
meeting of the technical committee to be 
held during the Annual Meeting. 

The Section on Methods and Appa- 
ratus for Absolute Viscosity Measure- 
ments (W. F. Fair, Jr.) plans to proceed 
with the compilation of available meth- 
ods and apparatus used for determining 
absolute viscosity. A meeting of this 
section is also to be held during this 
annual meeting. 


Technical ‘Committee , III on Particle 
Size and Shape (L. T., Work, chair- 
man): 

The Section on Pigment-Type Mate- 
rials (C. E. Barnett, chairman) under- 
took early in the war a cooperative 
program of particle size measurements 
involving the measurement with' the 
microscope of particles in mounted slides 
of pigment powders. No specifications 
on the optical equipment were given the 
cooperators so that a variety of appara- 
tus and methods were used. The results 
obtained showed closer agreement than 
had been expected and are being studied 
by the section. The next step in this 
program will be to determine whether as 
good agreement can be obtained when 
the preparation of the microscopic mount 
is included in the variables studied. 
The entire program of this committee 
will be reviewed at a meeting to be 
held during this annual meeting. 

Technical Committee IX on Interpretation 
and Presentation of Data (H. F. Dodge, 
chairman) : 

The increase in production resulting 
from the war effort placed added em- 
phasis on standardization, and particu- 
larly on quality control This resulted 
in expanding greatly the application of 
statistical methods. The A.S.T.M. 
Manual on Presentation of Data, which 
was prepared by this technical com- 
mittee, was quite extensively used in the 
many studies undertaken in the im- 
provement of the quality of products. 

The interest in the subject of quality 
control has increased to such an extent 
that the Executive Committee decided 
to organize a new A.S.T.M. technical 
committee to promote the knowledge of 
quality control methods and their appli- 
cation to specifications and methods of 
test. This new committee will be desig- 
nated Committee E-11 on Quality Con- 
trol, and following its organization in 
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June it is planned to discontinue this E-1 
technical committee. 

Technical Committee X on Conditioning 
and IVeathering (Robert Burns, chair- 
, man): 

This technical committee has con- 
tinued to assist other committees of 
the Society on problems relating to 
conditioning and accelerated weathering. 

Consideration has been given to a re- 
vision of the Tentative Definitions with 
Procedures Relating to Conditioning and 
Weathering (E 41 - 42 T) as regards the 
requirements for ^ ^standard laboratory 
atmosphere/’ in order to establish such 
conditions for general use as “a relative 
humidity of 50 per cent at a temperature 
of 75 F. (21 C.),” unless otherwise speci- 
fied. This revision is being discussed 
further with several Society committees. 

It is recommended that the Tentative 
Recommended Practice for Character- 
istics of Standard Carbon Arc Accel- 
erated Weathering Unit (E 42 - 42 T) be 
continued without change. 

Technical Committee XI on Designation 
and Interpretation oj Numerical Re- 
quirements (H. F, Dodge, secretary): 

The committee records its appreciation 
of the excellent work of the former chair- 
man of this technical committee, J. A. 
Gann, who found it necessary to resign 
due to a change in his business activities. 

The activities of this technical com- 
mittee are also to be transferred to the 
new Committee E-11 on Quality Control. 
It is accordingly planned to discontinue 
this technical committee when the new 
committee has been organized. 

Technical Committee XII on Laboratory 
Apparatus (W. H. Fulweiler, chair- 
. ■ man)’: ' , 

The sections of this technical com- 
mittee have continued to cooperate 
and assist other standing committees 


on questions dealing with laboratory 

apparatus. 

Section A on Thermometers (R. M, 
Wilhelm, chairman) has been especially 
active during the year and held two 
meetings in Philadelphia, Pa., on Janu- 
ary 29, 1946, and April 22, 1946. At 
the request of Committee D-3 on Gase- 
ous Fuels specifications for three new 
thermometers have been developed for 
use in the test for calorific value of fuels. 
These cover, respectively, a gas calorim- 
eter inlet thermometer, outlet thermom- 
eter, and flue thermometer. 

The section has recommended several 
changes in the Standard Specifications 
for A.S.T.M. Thermometers (El - 44), 
as given earlier in this report. 

Consideration is now being given 
by the section to specifications for a 
benzene freezing point thermometer, a 
Stormer viscosimeter thermometer, and 
additional kinematic viscosity thermom- 
eters for tests at 68, 70, 77, 122, 140 and 
180 F. 

At the request of Committee D-2, 
the section is also preparing specifica- 
tions for a new thermometer for the 
congealing point test of pharmaceutical 
petrolatums, and a new thermometer for 
use in the test for oil content of paraffin 
w’^ax. 

These several new thermometer speci- 
fications are expected to be completed 
later this year and included in the Tenta- 
tive Specifications for A.S.T.M. Ther- 
mometers (E 1 -45 T).^ 

Section C on Volumetric Glassware 
(J. J. Moran, chairman) has been ac- 
tively reviewing requirernents for a 
number of pieces of volumetric glassware 
specified in methods recently issued by 
the Society. This has resulted in a 
number of improvements being effected. 
Several other recommendations are now 
under consideration by other technical 
committees, and it is expected that these 
will result in further changes being made 
later this year. 
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Technical Comfmiiee XIII on Hydrogen 
Ion Determinations (E. B. Ashcraft, 
chairman) : 

The Symposium on pH Measurement^ 
being held at this annual meeting has 
been sponsored by this technical com- 
mittee. 

A Proposed Method for the Deter- 
mination of the pH of Aqueous Solutions 
with the: Glass Electrode, prepared by 
G. G. Manov at the request of the tech- 
nical committee, is now being studied 
and will be recommended as tentative 
later in the yeard 

2 Issued as separate pubiication, 1947. 


The present officers of the committee 
have been re-elected for the ensuing 

term of two years. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 58 members; 44 members 
, returned their ballots, of whom 42 voted 
affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

W.- H. Fulweiler, 
Chairman, 

P. J. Smith, 

Ex-officio Secretary, 


Editorial Note 

Subsequent to the Annual Meeting, Committee E-i presented to the Society 
through the Administrative Committee on Standards the following recom- 
mendations: 

New Tentative Method for: 

The Determination of the pH of Aqueous Solutions with the Glass Electrode (E 70 - 46 T). 

Revision of Tentative Specifications for: 

ASTM Thermometers (E 1 - 46 T). 

These recommendations were accepted by the Standards Committee on 
December 3, .1946, and the new and revised tentatives appear in the 1946 
Book of A.S.T.M. Standards, Parts II, III-A, and III-B. 

On December 5, 1946, the Administrative Committee on Standards accepted 
proposed revisions in the Tentative Methods of Compression Testing of 
Metallic Materials (E 9 -33 T). The revised tentative methods appear in 
the 1946 Book of A.S.T.M. Standards, Parts I-A, and I-B, bearing the desig- 
nation E 9 - 46 T. 



REPORT OF COMMITTEE E-2^ 

ON 

SPECTROGRAPHIC ANALYSIS 


Committee E-2 on Spectrographic 
Analysis held a meeting in Buffalo, N. Y. 
on June 25 and 26, 1946, in connection 
with the Annual Meeting of the So- 
ciety. At this meeting reports of prog- 
ress were received from the chairmen 
of the various subcommittees, and action 
was taken on the reorganization of the 
committee as referred to later in this 
report. 

On February 2, 1945, during' the 
Group Committee Meetings in Pitts- 
burgh, Pa., the officers of Cofnmittee 
E-2 met with the officers of Committee 
E-3 on Chemical Analysis of Metals, 
and C. L. Warwick and R. E. Hess of 
the Headquarters Staff, to discuss the 
overlapping scopes of Committees E-2 
and E-3 over the fields of spectropho- 
tometry and colorimetry. It was de- 
cided that even though, officially, these 
fields fall within the scope of Committee 
E-2, since Committee E-3 has developed 
methods utilizing them, the methods 
should remain under the jurisdiction of 
Committee E-3 provided Committee 
E-2 is kept informed about them. The 
scope of Committee E-2 was not 
changed. At some' future date, Com- 
mittee E-2 may wish to correlate visible, 
ultraviolet or infrared techniques used 
by other committees. It was also de- 
cided not to attempt to incorporate 
mass spectrometry in the scope of Com- 
mittee E-2. 

During the past year, there have been 
six additions in membership and one 


* Presented a,t the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


resignation, making the comm,ittee. en- 
rollment now 89. 

A Symposium on Spectroscopic Light 
Sources^ was arranged by a committee 
consisting of G. H. Dieke, J. Sherman, 
H. V. Churchill, M. E. Warga, and E. 
B. Ashcraft, chairman. The Sympo- 
sium, comprised of the following four 
papers, was held at the Annual Meeting 
of the Society in Buffalo, N. Y. on Tune 
25,1946: 

‘The Present Status of Excitation in Spectro- 
graphic Analysis” by B. F. Scribner, 

“A Study of the Controlled Spectrographic 
Spark Source,” by J. H. Enns and R. A. Wolfe, 
“Some Properties of Gas Discharges Used as 
Spectral Sources,” By R. C. Mason, and 
“Short Period Behavior of Spectroscopic 
Light Sources,” by G. H. Dieke. 

Committee E-2 is to be reorganized to 
consist of ten subcommittees as follows: 

Subco7mnittee: 

I on Apparatus and Equipment (K. B. 
Thomson, chairman), 

11 on Fundamental Methods and Tech- 
niques (E. B. Ashcraft, chairman), 

III on Editorial (C. L. Geuttel, chairman), 

IV on Standards and Pure Materials (C. H. 

Corliss, chairman), 

V on Copper, Nickel, and Their Alloys (P. 
Leichtle, chairman), 

VI on Lead, Tin, Antimony, Bismuth and Their 
Alloys (R. D. McLellan, chairman) , 

VII on Aluminum, Magnesium, and Their 

Alloys (J. R. Churchill, chairman), 

VIII on Zinc, Cadmium, and TTheir Alloys (E. 

K. Jaycox, chairman), 

IX on Ferrous Metals (P. Irish, chairman), 
X on Nonmetals (R. H. Bell, chairman). 

Mr. W. Boyer has been appointed 
liaison member with Committee E-3 

1 Issued as separate publication, March, 1947. 
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on Chemical Analysis of Metals and C. 
Geuttel with Committee E-8 on No- 
menclature and Definitions. 

The main project of the committee 
for the coming year will be the writing 
and assembling of spectrochemical tech- 
niques to cover as many materials as 
possible that are of interest to members 
of Committee E-2. 

The election of officers for the ensu- 
ing term of two years resulted in the 
selection of the following: 

Chairman, B. F. Scribner. 

Vice-Chairman, E. B. Ashcraft. 

Secretary, Mary E, Warga. 


This report has been submitted to^ 
letter ballot of the committee, which 
consists of 89 members; 52 members re- 
turned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

H. V. Churchill, . . , 
Chairman, 

Mary E. Warga, 

Secretary, 



REPORT OF COMMITTEE E-3* 

ON 

CHEMICAL ANALYSIS OF METALS 


Although only one meeting of Com- 
mittee E-3 on Chemical Analysis of 
Metals has been held during the year — 
at Pittsburgh, Pa., on February 28, 
1946— -the members of the committee 
have been very active through meetings 
of the divisions and subcommittees. A 
serious effort has been made to prepare 
new methods and revise old ones where 
necessary in order that the 1946 edition 
of the Book of A.S.T.M. Methods of 
Chemical Analysis of Metals will be up 
to date. The members of Committee 
E-3 have contributed largely of their 
time for this work. The Advisory Com- 
mittee met twice, first on November S, 
1945, at the National Bureau of Stand- 
ards in Washington, D. C. and then on 
February 28, 1946, in Pittsburgh. Six- 
teen divisional and subcommittee meet- 
ings were held during the year as well 
as several informal meetings of groups 
to discuss certain specific phases of com- 
mittee work. 

Eighteen new members and one con- 
sulting member were added to the com- 
mittee during the year. Two members 
transferred from active status to that of 
consulting membership. Two commit- 
tee members resigned. The active mem- 
bership of the committee is now 93. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, G. E. F. LundelL 

Vice-Chairmen, C. .B. Francis. 

H. A. Bright. 

Secretary, J. W. Stillman. 

Members-at-Large of Advisory Com- 

* nresejited at the Forty-ninth Annual Meeting of the 
. Society, June 24, 1946. 


mittee: T. R. Cunningham, Calvin 
Sterling, W. J. Boyer, B. F. 
Scribner. 

At the direction of the Advisory Com- 
mittee, a subcommittee studied the regu- 
lations of Committee E-3 and recom- 
mended certain revisions to bring them 
up to date and to improve the opera- 
tions of the committee. The revised 
regulations were submitted to letter 
ballot and approved. 

At Pittsburgh the chairman and 
secretary of Committee E-2 on Spectro- 
graphic Analysis met with one of the 
vice-chairmen and secretary of Com- 
mittee E-3 together with Mr. Warwick 
and Mr. Hess of the A.S.T.M. staff 
and discussed the overlapping interest 
of the two committees with particular 
consideration of the scope of the two 
committees as printed in the A.S.T.M. 
Year Book. It was the consensus of 
opinion at this meeting that it would 
not be necessary to change the wording 
of the scope but that Committee E-3 
would be free to develop and use photo- 
metric methods and other newer tech- 
niques as applied to the chemical analysis 
of metals. 

Eighteen methods, either in the form 
of new procedures or revisions of present 
procedures, were submitted to letter 
bahot of Committee E-3. One pro- 
cedure, the sampling of slab zinc, was 
rejected on the first ballot but later re- 
vised and approved by letter ballot. 
These various recommendations, which 
are listed in Table I, were presented to 
the Society through the Administrative, 
Committee on Standards. Table I 
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TABLE I.-ANALYSIS OF LETTER BALLOT VOTE- 


Items 

Affirm- 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

I. New Tentatitos 
Chemical Analysis for Nitrogen 
in Steel (E 30 - 45 T), accepted 
August 27, 1945; supporting 
data in Table II 

43 

0 

12 

Chemical Analysis for Sulfur by 
Direct Combustion in Steel 
(E 30 - 46 T), accepted April 
26, 1946; supporting data in 
Table HI... 

48 

1 

2 

Polarographic Determination of 
Lead and Cadmium in Zinc 
(E 68 ~ 46 T), accepted April 
26, 1946; supporting data in 
Table IV 

34 

0 

23 

Chemical Analysis of Special 
Brasses and Bronzes (E 54’- 
46 T), accepted March 30, 1946; 

supporting data in Table V 

Sampling Wrought Non-Ferrous 
Metals and Alloys for Deter- 
mination of Chemical Compo- 
sition (E SS - 46 T), accepted 
March 30, 1946.., 

54 

0 

4 

46 

2 

13 

Chemical Analysis of White 
Metal Bearing Alloys (E 57 - 
46 T), accepted April 26, 1946; 
supporting data in Tables VI 
and XIII 

45 

0 

12 

Photometric Determination of 
Bismuth in Pig Lead (E 58 - 
45 T), accepted August 27, 1945; 
supporting data in Table VII. . 

37 

0 

16 

Recorhmended Practice for Pho- 
tometric Methods for Chemical 
Analysis of Metals (E 60 - 
46 T), accepted March SO, 1946. . 

47 

0 

7 

Photometric Methods for Chemi- 
cal Analysis of Magnesium and 
Magnesium-Base Alloys (E 61 - 
46 1), accepted March 30, 1946; 
supporting data in Table VIII. 

45 

0 

9 

Photometric Method for Deter- 
mination of Nickel in Copper 
and Copper-Base Alloys (E 62 - 
46 T), accepted January 10, 
1946; supporting data in 
Table IX 

51 

0 

8 

Photometric Methods for Chemi- 
cal Analysis of Copper and 
Copper-Base Alloys, Deter- 
mination of PhoTOlioms, Iron 
(Thiocyanate), Iron (Ferric 
Chloride) and Manganese 
(E 62 - 46 T), accepted April 
26, 194o; supporting data in 
Table IX 

41 

1 

15 

Photometiic Method for Deter- 
mination of Iron in 70-30 Cop- 
per-Nickel Alloy (E 63 - 46 T), 
accepted March 30, 1946; sup- 
porting data in Table X. 

47 

i 

1 0 

i 7 

j ' 

Photometric Methods for Deter- 
mination of Iron in Slab Zinc 
(Spelter) (E 64 - 46 T) , accepted 
March 30, 1946; supporting 
■ data in Table XI 

48 

1 

i 

i i 

5 

Sampling Slab Zinc (Spelter) 
(E 65 - 46 T), accepted July 10, 
1946 

46 

1 

1 

1 2 

13 

Photometric Method for Deter- 
mination of Iron in Lead- and 
Tin-Base Alloys (E 67 - 46 T), 
accepted April 26, 1946; sup- 
porting data in Table XII... . . 

43 

1 

14 


TABLE l-Cmduid, 


Items 

ative 

Nega- 

tive 

Ballots 

Marked 

“Not 

Voting” 

II. Revision oe Tentatives 
Recommended Practices for Ap- 
paratus and Reagents for 
Chemical Analysis of Metals 
(E 50 - 46 T), accepted April 26, 
1946 

48 

0 

■9 

Chemical Analysis o£^ Copper 
(Electrolytic Determination of 
Copper) (E S3 - 46 T), accepted 
January 10, 1946 (formerly 
Method B 34-36 T)... 

46 

1 

; 11 

Chemical Analysis of Lead- and 
Tin-Base Solder Metal (E 46 - 
46 T), accepted July 10, 1946; 
supporting data in Table XIII. 

47 

0 

14 

III. Revision of StANnAsn and 
Reveesion to Tentative 
Chemical Analysis of Ferro-Al- 
loys (E 31 - 46 T), accepted 
March 30, 1946 

^ 38 

! 0 

16 


shows the results of the letter ballot 
vote in Committee E-3 and the date of 
acceptance by the Standards Committee. 
Supporting data obtained in cooperative 
tests using the procedures are given 
in Tables II to XIII. All of the new 
and revised methods will appear in the 
1946 Book of A.S.T.M. Methods of 
Chemical Analysis of Metals. 

Activities of Divisions and 
Subcommittees 

Division A on Ferrous Metals (Arba 
Thomas, chairman). — The Ferrous Di- 
vision held one meeting during the year 
at Pittsburgh, but members were active 
on procedures for the analysis of iron, 
steel, and ferro-alloys. In the list of 
methods approved by the committee, 
three procedures were the result of work 
done in Division A. 

A subcommittee has been at work on 
the procedure for the determination of 
tin in steel, and data collected so far 
indicate that the method is satisfactory. 
The method will be written up and sub- 
mitted to subcommittee members for use 
in analyzing standard steel samples. 

The subcommittee on aluminum in 
alloy steels is circulating a method for 



TABLE IL— RESULTS OF COOPERATIVE TESTS ON THE TENTATIVE METHOD OF CHEMICAL ANALYSIS 

FOR NITROGEN IN STEEL (E 30-45 T). 


Analyst’*’ 



Brown 

Cunninffham 

Geyer 

Bover 

Vance 

Bright 









Sample 

Num- 

ber® 

Type of Steel 

Ac- 
cepted 
Value 
for Ni- 
trogen, 
per cent 

Method 
E30- 
45 T 

Method 
E30- 
45 T, 
lO-min. 
Diges- 
tion 

Method 

E30- 

4ST 

Own 

Method 

Method 
E30- 
45 T 

Method 
E30- 
45 T 

Own 

Method 

(HCl) 

Method 
E30- 
45 T 

Semi- 

micro 

Method 

(Allen) 

13d 

Carbon 


0.0046 

0.0042 



0.0047 


0.005 



15c 

Carbon 

0.005“ 



0.0054 

0.0076 





6.004 

125 

5 per cent Si 

O.OOS'^ 

0.6660 

0.0061 



0M66 

0.’007 

0.007 



563-1 

Strip (4 per cent Si) 

0.010“ 

0.0102 

0.0075 








50a 

Cr-W-V 


0.0202 

0.0060 








73a ■ 

13 Cr . 

0.036“ 

0.0355 

0.0352 







6.033 

101a 

18Cr-8Ni 

0.044“ 



o’.6497 

o'. 0476 


0V648 

0.046 


0,044 

121 

18Cr-8Ni-0.4Ti 

0.009“ 

o’. 6665 

olooil 







0.009 

123 

18Cr-8Ni-0.4Cb 


0.0440 

0.0437 

o‘.645 

0.043 

0*.6435 

0.'047 


o’. 053 

0.041 

133 

13Cr-0.6Mo 

0;046“ 

0.0436 









USS& 

27Cr 


0.234 

0.232 

0,222 

0.225^ 

0.221-^ 

0.231 

0.228 

0.230 

0.231^ 

0.232* 



* The analysts were as follows: W. J. Brown, Nat. Lead Co.; T. R. Cunningham, Union Carbide & Carbon Research 
Labs., Inc.; C. 0. Geyer, Inland Steel Co.; W, J. Boyer, Rustless Iron & Steel Div., The Am. Roiling Mill Co., E. R. 
Vance, Timken Roller Bearing Co., Steel & Tube Div.; H. A. Bright, Nat. Bureau Stds, 

® These sample numbers all refer to National Bureau of Standards standard samples, unless otherwise indicated. 

° United States Steel Corp. standard sample. 

® National Bureau of Standards certificate value. 

“ Vacuum fusion, Arba Thomas, Armco Research Labs. 

® Vacuum fusion, National Bureau of Standards. 

^ Dissolved in HCIO4, and residue Kjeldahled. 

J l-g. sample dissolved in 25 ml. of HCl (60 per cent). 

" l-g. sample dissolved in 20 ml. of HCi04 (36 per cent) under reflux condenser. 


TABLE IIL— RESULTS OF COOPERATIVE TESTS ON THE TENTATIVE METHOD OF CHEMICAL ANALYSIS 
FOR SULFUR BY DIRECT COMBUSTION IN STEEL (E 30 - 46 T). 


Sample 

Number® 

Material 

Accepted Value 
for Sulfur (Gravi- 
metric Method) , 

Analyst* 






per cent 

Steiner 

Thomas 

Boyer 



0.019 

0.016 

0.018 

0.016 




0.017 

0.018 

0.017 




0.017 

0.018 

0.018 

s 

Ingot iron 's 


0.018 






0.018 

0.019 






0.020 






Average. . .0.018 

0.018 

0.017 



0.272 

0.264 

0.273 

0.265 « 




0.264 

0.273 

0.268 




0.268 

0.270 

0.276 

0.268 

6 

Carbon steel..,,. .-I 


0.276 






0.278 

0.280 

0.280 






Average. . .0.273 

1 0.274 

0.267 


( 

0.034 

0.032 

0.039 

0.037 


I 


0.035 

0.039 

0.037 


Stainless steel, type 316, j 


0.036 

0.038 

0.038 

0.039 

0.041 

0.038 


1 


Average. . .0.036 

0.040 

0.037 



0.312 

0.284 

0.308 

0.313 




0.288 

0.310 

0.315 

S ■ 

Stainless steel, type 303.’ 


0.288 

0.296 

0.300 

0.301 

0.310 

0.320 

0.313 

O. 3 I 8 








Average. . .0.298 

0.310 'i 

. 

0.315 


( 

0.010 

0.012 

0.010 1 

0.012 

, .,,9 

Stainless steel, ISCr- J 


0.013 

0.011 

0,012 


llNi-0.4Ti.. ....1 



0.011 

0.012 

0.012 


* 


Average. . .0.012 

0.011 

0.012 


Samples Nos. 5, 6, and 9 were National Bureau of Standards standard samples SSb, 129a, and 121a, respectively. 
Samples Nos. 7 and 8 were ^all lots of commercial steels, checked for gravimetric sulfur by members of Division A. 

“ The analysts were as follows: W. E. Steiner, Bethlehem Steel Co., Inc.; Arba Thomas, Armco Research Labs,; W. J. 
Boyer, Rustless Iron & Steel Div., The Am, Rollmg Mill Co. 
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this determination with samples to sub- 
committee members for cooperative 
tests. 

A method for, the determination of 
boron has been prepared by the sub- 
committee in charge of this assignment 
and will be submitted to letter ballot of 
the division. 

The subcommittee for the determina- 
tion of bismuth in steel recommended 
that since there was very little demand 


N. J., and New York, N. Y., in the fall 
and the other at Pittsburgh in the spring. 
Very active attention has been given to 
the development and revision of meth- 
ods for publication in the 1946 edition of 
the Book of Chemical Analysis of 
Metals. Twelve of the methods in the 
list approved by the committee were 
sponsored by Division B. Advantage 
has been taken of the newly developed 
instruments. As an example^ two of the 


TABLE IV.— RESULTS OF COOPERATIVE TESTS ON THE TENTATIVE METHOD FOR POLAROGRAPHIG 
DETERMINATION OF LEAD AND CADMIUM IN ZINC (E 68 - 46 T). 


Sample 

N.B.S. 

Certificate or Ac- 
cepted Value 

Laboratory 

No. 1 

Laboratory 

No. 2 

Laboratory 

No. 3 • 

Lead, 
per cent 

Cad- 
mium, 1 
per cent ' 

Lead, 
per cent 

Cad- 
mium, 
per cent 

Lead, 
per cent 

Cad- 
mium, 
per cent 

Lead, 
per cent 

Cad- 
mium, 
per cent 

Sample A of special high-grade zinc. , . . 
Sample B of special high-grade zinc — 

N.B.S. sample 108 

N.B.S. sample 109 

0.0027 

0.0004 

0.047 

0.0020 

0.0026 

0.0001 

0.092 

0.0018 

0.0024 

0.00044 

0.051 

0.0023 

0.0028 
0.0002 ’ 
0.103 
0.0023 

o’. 6606 

0.045 

0.0018 

0*.6662 

0.094 

0.0017 

o’osos 

0.0025 

0*.G96 

0.0019 


CoMPAKisoN OP Results prom Determination op Lead in Zinc by the Polarographic Method (E 68 - 46 T) and by 

THE Electrolytic Method 


Sample Number | 

! 

Lead, per cent 

Electrolytic Method 
(100-g. sample) 

Polarographic Method 
(l-g. sample) 


0.0038 

0.0036 


0.0039 

0.0040 

9C 

0.0038 

0.0036 



for this method the subcommittee be re- 
lieved of the assignment, and this action 
was approved by the division. 

The subcommittee on the determina- 
tion of beryllium has submitted methods 
for trial by subcommittee members and 
is making progress toward a satisfactory 
procedure. 

In addition to the specific assignments 
mentioned, the Ferrous Division has 
been critically examining the present 
methods for the analysis of iron, steel, 
and ferro-alloys with a view to improv- 
ing the procedures in the light of recent 
developments in the field. 

Division B on Non-Ferrous Metals 
(D. R.' Evans, chairman).— The Non- 
Ferrous Division has held two meetings 
during' the year, one at the Bell Tele- 
phone Laboratories at ' Murray HiU, 


methods issued use the polarograph. It 
is expected that this development will 
lead to the formation of a new sub- 
committee to investigate further appli- 
cations of this technique. Subcommittee 
B-7 on Photometric Methods has been 
especially active in developing new 
methods in this field for application to 
non-ferrous alloys. 

Division B is making plans to con- 
tinue the development of methods for 
the constituent elements of non-ferrous 
alloys using, where applicable, the newer 
techniques of photometric and polar- 
ographic procedures. Among the activi- 
ties of subcommittees which are already 
under way are the following: 

1. A study isBeing made of methods 

for the analysis of lead. 
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2. The photometric method for the 
determination of aluminum, which 
^ was rejected on letter ballot, is being 
given further study. 

'3. Photometric methods for use in 
the analysis of aluminum alloys are 
being investigated. 

The subcommittee on nickel has under 
consideration methods for the analysis 
of nickel for electronic applications and 


TABLE V.— RESULTS OF COOPERATIVE TESTS ON 
THE TENTATIVE METHODS OF CHEMICAL 
ANALYSIS OF SPECIAL BRASSES AND BRONZES 
(E54-46T). 



Labo- 

Labo- 

Labo- 

Sample 

ratory 

ratory 1 

ratory 

No. 1 

No. 2 i 

1 

No. 3 


Arsenic by the Distileation - Iodimetric Method, 

PER CENT 


Leaded bronze® 

1.23 

1.22 

1.26 

1.22 

1.21 

1.19 

1.21 

1,18 

1.18 

1.16 


1.20 1 
1.23 
1.20. 
1.20^ 
1.21* ; 



Phosphor bronze, N.B.S. sam- 
ple 63a (Certificate value, f 
0.027 per cent As), | 

0.027 i 
0.028 1 


i 


Antimony by the Distillation - Iodimetric Method, 

PER CENT 



1.00 

1.00 

1.01 

0.99 

0.97 

1.01 

1.00 

1.02 

Leaded bronze® ■ 

1.00 

1.02^ 

0.97* 

0.98* 




0.96* 

0.99* 


Phosphor bronze, N.B.S. sam- 
ple 63a (Certificate value,/ 
0.49 per cent Sb). 

0.47 

0.47 



Phosphor bronze, N.B.S. sam- 
ple 124 (Certificate value, 
0.23 per cent Sb) 

0.24 




Tin by the Iodimetric Titration Method, per cent 


Leaded bronze “ 


9.99 

9.99 

10.00 

10.04 

10.00 

9.98 

9.98 

10.02 


^ The nominal composition of the leaded bronze sample 
was as follows: 


b 


Copper, per cent 81 

Tin, per cent 10 

Arsenic, per cent. 1 

. Antimony, per cent. 1 

Lead, per cent, 5 

PhospnoruS, per cent 0.75 

Zinc, per cent........... ... 1 


These values were determined by a different method. 


also for the analysis of monel metal. An 
alloy of nickel-silver has been prepared 

TABLE VI.-RESULTS OF COOPERATIVE TESTS 
ON THE TENTATIVE METHODS OF CHEMICAL 
ANALYSIS OF WHITE METAL BEARING ALLOYS 

(ES7"46T). 


Laboratory 

A 

■ B 

C 

D 

E 

F 

Copper, per 
cent 

3.68® 

3.70® 

3.70® 

3.69 
3.68 

3.70 
3.72 

3.71 
3.70 

3.67 

3.66 

3.72 

3.70 

3.72 

3.65 

3.68 

3.71 

3.72 
3.71 

3.69 

3.66 

3.66 




3.66 

3.69® 

3.69® 

3.68® 

3.70® 



( 

Lead, per cent.j 

5.05 

5.03 

4.99 

5.03 

5.03 

5.01 
4.99 

5.01 
4.97 


4.96* 

4.95* 

4.94* 

5.10 

5.15* 

5.13* 


Tin, per cent..,. 


82.70 

82.70 
82.62 

82.71 
82.66 
82.69 
82.66 
82.66 


82.79 

82.58 

1 


82.74 

Antimony, per [ 
cent j 

8.27 ; 

8.28 1 
8.28 ! 

8.28 

8.28 

8.34 


8.33 

8.31 

8.32 



Arsenic, per 
cent 




0.106 

0.114 

0.105 


0.110 

0.109 





0.109 

0.111 



Iron, per cent..| 


0.010 

0.011 


0.012 

0,012 




" Determined by the rapid electrolytic method (Sec- 
tions 16 and 17 of Methods E 57). 

® Determined by the sulfate method (Section IS (a) 
to (tf) of Methods E 57). 

TABLE Vn.— RESULTS OF COOPEiRATIVE TESTS 
ON THE TENTATIVE PHOTOMETRIC METHOD 
FOR DETERMINATION OF BISMUTH IN PIG 
LEAD (E58-45 T). 


Sample 

Bismuth, per cent 

Number 

Labora- 
tory No. 1 

Labora- 
tory No. 2 

Labora- 
tory No. 3 

Spectro- 

graph 

' 1 

0,0034 

0.0034 

0.0034 

0.0033 

0.0028 

0.0028 

0.0030 

0.0030 

0.0032 

8 1 

0.025 

0.025 

0.025 

0.025 

0.025 

0.026 

0.026 

0.026 

0.0265 

0.027 

u • 

0.102 

0.102 

0.102 

0.100 

0.100 

0.102 

0.103 

0.10 


0.102 

0.102 
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by the National Bureau of Standards, The first sampling procedure submitted 
and a subcommittee is collaborating on to vote was rejected on this latter 
its-aiialysis. ground, but a revised procedure was 

Division 'C on Sampling (W. C, later approved. 

Bowden, Jr.,, chairman). — The Sampling Division D on General Analytical 

Division has been reorganized during the Methods (S. E. Q. Ashley, chairman). — 
year under the new chairman. Two Division D has also been reorganized 
meetings of the division have been held, during the year. Two meetings of the 
one at Newark, N, J. and the other at division have been held, one at Pitts- 


TABLE VIII.— RESULTS OF COOPERATIVE TESTS ON THE TENTATH^E PHOTOMETRIC METHODS FOR 
CHEMICAL ANALYSIS OF MAGNESIUM AND MAGNESimi-BASE ALLOYS {E 61 - 46 T). 


Element 

Percentages Found by ■ 
Methods E 61 

Averages from 
A.S.T.M, 1942 
Cooperative Tests 

Number of 
Determina- 
tions 

Type of Method 

A.S.T.M. Alloy 16035 

I 

0.031 (Bipyridine) ' 

0.0335 

8 

colorimetric ** 


0.031 (Bipyridine) 

0.0357 

7 

volumetric 

Fe , i 




1 

1 

0.031 (HBr) 

0.027 (HBr) 




Cu. • . ■ / 

1 

0.055 

0.060 ■ 

0.057 

7 

volumetric (iodide) 

Mn ...J 

0.407 

0.414 

6 

bismuthate 

I 

0.41S 

0.392 

8 

persulfate 

Si / 

0.184 

0.180 

6 

H 2 SO 4 dehydration 

\ 


0.184 

3 

HCi 04 dehydration 

Pb J 

0.0023 

not determined 



1 

0.0024 




A.S.T.M. Alloy 16036 


0.0318 (Bipyridine) 

0.0342 

8 

colorimetric 


0.0320 (Bipyridine) 

0.0338 

8 

volumetric 

Fe.. 





0.030 (HBr) 

0.027 (HBr) 

: 



Cu J 

1 

0,047 

0.0494 

8 

electrolytic 

0.049 

0.051 

5 

volumetric (iodide) 

Mn . 

1 

0.340 

0.321 

6 

bismuthate 

0.327 

I 0.321 

8 

persulfate 

Apex Alloy A2005 A2 


0.033 

not determined 

1 

spectrographic (Dow), 0.036 

Pb J 



1 

per cent 

spectrographic (Apex), 0.03 





per cent 


Pittsburgh. Two of the methods voted 
upon by the committee were sponsored 
by Division C. In organizing the divis- 
ion, subcommittees will be set up only- 
to carry out specific assigned tasks. 

The question of what constitutes an 
adequate sample for slab zinc, when 
consideration is given to the possible 
burden caused* by sampling too many 
slabs, was considered by the division. 


burgh and the other at Princeton, N. J. 
Four subcommittees have been set up 

as follows: 

D-1 on Reagents, W. M. Murray, Jr., 
chairman, 

D-2 on Apparatus, A. H. Bushey, chairman, 
D-3 on Common Procedures, and 
D-4 on Precision and Accuracy of Methods, 
Grant Wemimont, chairman. 

■ The Tentative Recommended Prac- 
tices for Reagents and Apparatus (E 50 - 
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TABLE IX.—RESXJLTS OF COOPERATIVE TESTS ON THE TENTATIVE PHOTOMETRIC METHODS FOR 
CHEMICAL ANALYSIS OF COPPER AND COPPER-BASE ALLOYS (E 62 - 46 T). 


Nickel by the Dimethylglyoxme Method, her cent 


Analyst 

Nickel Found 

Standard Used for 
Calibration Factor** 

1 

0.S34, 0.538, 0.S34, 0.534 

37c 

2 

0.528, 0.526, 0.526, 0.523, 

3 

0.526 

0.524 to 0.545 

standard nickel sol- 
ution 

4 

0.53, 0.53 

S2b, 37b 

5 

0.53, 0.53 

124, 62a 

6 

0.545 (average of 7 tests) 

37c, 124, 62a, 62b 

7 

0.528, 0.526, 0.534, 0.532, 
0.528 

37c 

■ s 1 

0.537 to 0.545 

1 62b 


Phosphorus by the Molybdivanadophosphoric Acid 
Method, per cent 


(Deoxidized Copper and Phosphorized Brasses) 


Sample 

Labora- 
tory 
■No. 1 

Labora- 
tory 
No. 2 

Labora- 
tory 
No. 3 


0.0228 

0.0225 

0.0227 

U.S.M.R. sample No. 556430 . ■ 

0.0228 

0.0226 

0.0227 


0.0227 

0.0223 



Phosphorus by the Molybdivanadophosphoric Acid 
Method, per cent 


(Copper-Base Alloys Containing 0.01 to 1.? per cent 
Phosphorus) 





QQ CO 

tn 


Sample 

ll 

< 

¥ 

ll 

.^6 

< 

N.B.S. sample 63a (Cer- f 
tificate value, 0.58 per 1 
cent P) 1 

0.586 

0.582 

0.580 

0.580 

0.577 

0.567 

0.576 

0.60 

0.59 

0.60 

0.59 

0.580 

0.575 

0.560 

0.58 

N.B.S, sample 124 (Cer- f 
tificate value, 0.037 per ( 
cent P) 1 

0.0372 

0.0371 

0.0371 



0.0384 


Special sample (Estab-f 
lished value, 0.194 per j 
cent P) 1 


0.194 

0.200 

0.194 






0.193 





Iron by the Thiocyanate Method, per cent 





■ tnro 


Sample 

-^6 

li 

tt 



< 

< 

< ! 

< 

f 

0.079 

0.074 

0.076 

0.077 

N.B.S. sample 37d \ 

0.078 

0.075 

0.076 

0.073 


N.B.S. sample 62b (Certifi- 
cate value, 0.82 per cent 
Fe) 

0.82 

0.83 

0.82 

0.84 

0.80 

0.83 

0.80 

0.83 

0.83 

0.83 




0.80 

0.84 




0.81 

0.83 




0.84 





0.84 


N.B.S, sample 63a (Certifi-f 

0.51 

0.51 

0.52 


cate value. 0.52 per centi 

0.51 

0.53 

0.52 


Fe).. ..[ 

0.52 


0.51 



1.05 

1.03 


1.04 

N.B.S. sample 62a (Certifi- 

1.01 

1.06 


1.03 

cate value, 1.04 per cent 
Fe)....................... 

1.02 



1.03 

1.04 
1.03 






Iron by the Ferric Chloride Method, per cent 



S d 

^ Iron Found 



gE 











Sample 

Tj >.4 

0 

0«+.4 

0 ^ 

& 

0 

0 

p 

p 


cd.5 

«5 v-t 

1 ^ • 


c3 


c3 

II 


“ll 

II 


12; 


1-J 

hA 


Phosphor bronze, N.B.S. { 
sample 63a < 

0.52 

0.52 

0.53 

0.53 

0.51 

O.SOi 

0.53 

0.52 


1 


0.53 




Sheet brass, N.B.S. sample/ 
37b ..1 

0.21 

0.18 

0.18 




0.19 

0.19 



Sheet brass, N.B.S. sample 

0.17 

0.17 



0.17 

37c 


0.17 



0.17 





0.17 

Cast bronze, N.B.S. sample! 

0.032 

0.028 


0.027 


52b .. 


0.030 

0.028 


0,027 


Ounce metal, N.B.S. sample/ 
124 t 

0.38 

0.37 

0.37 


0.38 

0.37 

0.38 

0.38 


Manganese by the Periodate Method, per cent 


Sample 

N.B.S. 
Certificate 
Value for 
Mangan- 
ese 

Laboratory 

No. 1 

Laboratory 

No. 2 

Lab' 

tory 

3 

< 

0 

'5 

<u 

ora* 

,No. 

b 

T3 

0 

•s 

CJ 

( 

1.59 



1.61 

1.59 

Manganese bronze, N.B.S. 1 




1.61 

1.60 

sample 62 i 




1.59 

1.59 





1.62 

1.59 

1 




1.62 


f 

1.50 

1.53 

1.51 



Manganese bronze, N.B.S.] 


1.50 

1.50 



sample 62a 1 



1.51| 



1 



1 . 52 ! 



f 

1.29 

1.30 

1.27 

1.29 

1.30 

Manganese bronze, N.B.S, j 


1.30 

1.29 

1.31 

1.30 

sample 62b ( 



1.28 

1.28 

1.28 

1. 



1.27 

1.28 

1.31 

f 

0.99 

1.00 

0.99 



A.S.T.M,” silicon bronzed 


0.99 

0.99 

1.00 



1 



1.00 




“These sample numbers refer to National Bureau of 
Standards standard samples except in the case of the stand- 
ard nickel solution. 

® Method A used by Laboratory No. 3 was essentially 
the same as the periodate method described in Sections 
42 to 48 of A.S.T.M. Methods E 62, which was used by 
Laboratories Nos. 1 and 2. In Method B, a 1.000-g. 
sample was treated as in Section 47 (b) and (d) and diluted 
to 100 ml., a 5-ml. aliquot was taken, and 10 ml. of HNOa 
and 5 ml. of H 3 PO 4 added. The analysis was then con- 
tinued in accordance with Section 47 (/) and (§), 
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TABLE X.—RESHLTS OF COOPERATIVE TESTS ON 
THE TENTATIVE PHOTOMETRIC METHOD FOR 
DETERMINATION OF IRON IN 70-30 COPPER- 
NICKEL ALLOY (E 63 - 46 T). 


TABLE Xn.-RESDLTS OF COOPERATIVE TESTS 
ON THE TENTATIVE PHOTOMETRIC METHOD 
FOR DETERillNATION OF IRON IN LEAD- AND 
TIN-BASE ALLOYS (E 67 - 46 T>. 



Iron Content, per cent 

Sample 

Labora- 

Labora- 

Labora- 


tory 

tory 

tory 


No. 1 

No. 2 

No. 3 


0.426 

0.428 

0.426 


0.426 

0.428 

0,430 


0,429 1 

0.428 


70-30 copper-nickel alloy * 

0.429 : 
0.426 I 
0.426 ; 
0.428 i 
0.430 

0.426 



® Voliimetric determination of iron, in the same 
sample, with ceric ammonium sulfate gave the value of 
0.43 per cent iron for each of three determinations. 


TABLE XI.— RESULTS OF COOPERATIVE TESTS 
ON THE TENTATIVE PHOTOMETRIC METHODS 
FOR DETERMINATION OF IRON IN SLAB ZINC 
(SPELTER) (E64~46T). 


Iron Content, per cent. 


I 

Labora- 

La bora- 

Labora- 

Sample 

tory 

tory 

tor5' 

No. 1 

No. 2 

i No, 3 


Salicy- 

Thiocy- 

Ferric 


late 

anate 

Chloride 


Method 

Method 

Method 


0.0213 

0.0213 

0.020 


0.0213 

0.0210 

0.019 


0.0212 

0.0212 



0.0210 

0.0212 





0.0210 

0.0214 

0.0212 


0.0310 

0.0313 



N.B.S. sample 108 (Certificate, 

0.0314 



value, 0.031 per cent Fe). , . 

0.0310 

0.0313 

0.0311 



N.B.S. sample 110 (Certificate/ 

0.0142 



value, 0.014 per cent Fe ). , .{ 

0.0142 



46 T) submitted to 

letter 

ballot was 


revised by Division D. 

Under the auspices of Division D, a 
Symposium on Polarographic Analysis 
was held at Princeton with considerable 
success. The attendance was limited to 
the members of the committee and 
invited guests. 



« « 
ti P 

Iron Found, per cent 

Sample 

."•2 a 

GO .2 ^ 

Laboratory 
No. 1 

Laboratory 
No. 2 

Laboratory 
No. 3 

Laboratory 
No. 4 

A.S.T.M. white metalf 
bearing alloy i 


0.012 

0.013 

OMl 

O.OiO; 

0.011 

0,012 


Tin-base, N.B.S. sam-| 
pie 54^ 1 

0.028; 

0.028 

0.026 

0.025 

0.026 

0.023 

0,024 

0.027 

0.027 

0.027 

0.027 

Lead-base, N.B.S. sam-f 
pie 536 t 

0.002 

none 

none 

0,001 

0.002 

. ' 


Solder, N.B.S. sam- / 
pie 127 t 


0.001 

0.001 

0.00! 

0.001 

<0.001 



TABLE XIII.-RESULTS OF COOPERATIVE TESTS 
ON THE POLAROGRAPHIC METHOD FOR DE- 
TERMINATION OF ZINC IN LEAD- AND TIN- 
BASE ALLOYS (E 46 - 46 T AND E 57 - 46 T). 


Sample 

Zinc Content, per cent 

Laboratory 

D 

Laboratory 

G 


0.0012 

0.0012 

N.B.S. sample No. 127 | 

0.0019 

0.0013 

0.0019 

0.0013 

0.0019 


Topics suggested for future symposia 
are oxidation-reduction procedures and 
precision and accuracy in the analysis 
of metals. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 93 members; 63 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

G. E. F. Lundell, 

, Chairmath 

J. W. Stillman, 

Secretary, 



REPORT OF COMMITTEE E4* 

ON 

METALLOGRAPHY 


Committee E--4 on Metallography has 
not met since its last previous meeting 
on June 29, 1944. However, most of 
its subcommittees and the Advisory 
Committee held meetings during the 
A.S.T.M. Spring Group Committee 
Meetings at Pittsburgh, Pa., during the 
week of February 25, 1946. 

The gains and losses in E-4 member- 
ship during the past two years have 
balanced out, with the total membership 
remaining at 73. 

In common with the Society and man}^^ 
of its committees, Committee E-4 deeply 
regrets the passing away of C. H. Davis, 
one of our best officers, hardest workers, 
and a staunch friend. 

Adoption op Tentative as Standard 

The committee recommends the adop- 
tion as standard of the Tentative Classifi- 
cation of Austenite Grain Size in Steels 
(E 19 - 39 T) and accordingly asks that 
this recommendation be approved at the 
Annual Meeting for reference to letter 
ballot of the Society. 

This recommendation has been re- 
ferred to letter ballot of the committee, 
which consists of 73 members; 43 mem- 
bers returned their ballots of whom 37 
have voted affirmatively, 0 negatively, 
and 6 members marked their ballots 
.^hiotvoting.^^ 

Revision op Tentatives 

The committee recommends that the 
Tentative Recommended Practice for 
Determining the Inclusion Content of 
Steel (E 45 ~ 42 T) be revised as follows 
and continued as tentative: 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 


Section L — ^Add a second sentence, to 
read as follows: ^This practice deals only 
with recommended test methods and 
nothing in it should be construed as de- 
fining or establishing limits of accept- 
ability for any grade of steel.’’ 

Li the note, section entitled '^Micro- 
scopic Methods,” in the first paragraph, 
start a new paragraph, at the sentence 
beginning "Various reference charts of 
this nature . . . Insert the following 
after this sentence: "In the JK chart 
the thin and heavy series of inclusions are 
shown to scale, and the nominal thick- 
nesses of the inclusions are also recorded 
above each column. These values for 
the thicknesses of inclusions are not 
intended to be exact but only to permit 
approximate classifications.” 

Start a new paragraph at the sentence 
beginning "No chart can represent 
all...”. 

Figure 5. — At the top of the chart, 
under all columns entitled "Heavy 
Series” delete the word "up to” in the 
inscriptions "Thicknesses up to . . . 

At the bottom of the chart, after the 
line under the title, insert the following: 
‘'The numerical values in microns, at the 
top of this chart are approximate; the 
classification of the inclusions into thin 
and heavy should be based only on com- 
parison with the illustrations shown in 
the chart.” 

Section 2 (c).— Delete the sentence 
"The procedures discussed here apply 
only to bars or billets about 1 to 5 in. in 
diameter.” 

Section 5(^).-”Delete the words "such 
as carbon tetrachloride.” 
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Section the second sentence^ 

substitute the words “a quick drjdng 
solvent” for the words ^ ^carbon tetra- 
chloride.” 

Section 7(6)."— Add tlie following: -^^In- 
dications can also be recorded by dipping 
into a suitable transparent plastic. Af- 
ter the plastic coating has been dried it 
can be removed and mounted.” 

Section 8 . — Change the table in Para- 
graph {a) to read as follow^s: 


Length of Inclusion, in. Weight 

M to i 1 

Over I to 4 2 

Over I to f 4 

Over I to 1 8 

Over 1 16 


' Change the note in Paragraph (/) to 
read as follows, deleting the present 
reference to footnote 4: ^^Note. — ^A n- 
other method for rating inclusions by 
the magnetic powder method has been 
adopted by the Society of Automotive 
Engineers as S.A.E. Recommended Prac- 
tice for Magnetic Particle Testing, 1945 
S.A.E. Handbook, p. 327.” 

Section 11 (b ). — At the end of the last 
paragraph add the following as a new 
paragraph: “If desired, the predominant 
t3q)e of inclusions may be recorded, 
whether they are sulfides, silicates, or 
oxides.” ' 

The committee recommends that the 
Tentative Recommended Practice for 
Identification of Crystalline Materials by 
the Hanawalt X-Ray Diffraction Method 
(E 43 -42 T) be revised as follows and 
continued as tentative: 

Section 8 . — Reletter the present Par- 
agraph (b) as (c) and add the following 
as a new Paragraph (6) : 

(b) Calculating Inter planar S pacings . — ^The 
measurements described in Paragraph (a) are 
not used directly in the index for the identifica- 
tion of crystalline materials, because the dis- 
tances between corresponding lines depend upon 
the radius of the camera and the type of radia- 
tion used as well as upon the crystal structure 
of the sample. The patterns are described 
uniquely in terms of the interplanar spacings 

(t) corresponding to the diffraction lines.® 


These interplanar spacings are calculated from 


the measured positions of the lines by using 

Bragg*s equation: 


d _ X 
n 2 sin # 

where: 

^ = the first order spacing, 

X = wave length of the X-rays,' and 
8 = diffraction angle. For the cylindrical 
camera recommended above, 0 (in degrees) . is 
calculated using the following equation: 0. = 

— where I is the distance between correspond- 

TTf 

ing lines ■ on opposite sides of the undeviated 
beam, and r is the radius of the film. Many 
cameras are made with a radius of 57.3 mm. 
so that 1 mm. on the film equals 1 degree of arc. 
The best way to measure r is to make a pattern 
of a material with an accurately known structure 
(for example, NaCl) and to calculate r from 
some of the lines of that pattern. When a 
laboratory makes all powder patterns with the 
same type of camera and the same t>pe of 
X-rays, it is well wmrth the effort to make a 
scale w'hich reads the interplanar spacings di- 
rectly from the film. 


® All data which are submitted to the committee for 
inclusion in the index should be in terms of - . 


These recommendations have been re- 
ferred to letter ballot of the committee 
which consists of 73 members; 39 mem- 
bers returned their ballots, with the fol- 
lowing results: E 45, 32 affirmative, 0 
negative, and 7 members marked their 
ballots “not voting”; E 43, 29 affirma- 
tive, 0 negative, and 9 members marked 
their ballots “not voting.” 


Activities of Subcommittees ■ 

Subcommittee I on Selection and Prep- 
aration of Samples (G. F. Comstock- 
chairman). — ^This group has revised the 
present Tentative Methods of Prepara- 
tion of Metallographic Specimens (E 3 
44 T), bringing them thoroughly up-to- 
date in accordance with best modern^ 
practice. 

In order to facilitate the work of this 
subcommittee, and to give more ade- 
quate coverage in the field of macro- 
etching, a separate subgroup has been 
authorized, and should be in effective 
operation during the ensuing year. 
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Subcommittee II on Definitions. ----This 
subcommittee was discharged several 
years ago^ but present demands indicate 
the advisability of resuming this activity. 
This is now in progress. The Standard 
Definitions of Terms Relating to 
Metallography (E 7 - 27), which had 
been under the jurisdiction of the former 
subcommittee, are recommended for re- 
tention for the time being. 

Subcommittee IV on Photography (L. 
V. Foster, chairman), — This subcommit- 
tee has reviewed the Tentative Methods 
of Preparation of Micrographs of Metals 
and Alloys (Including Recommended 
Practice for Photography as Applied to 
Metallography) (E2-44 T) under its 
jurisdiction, and recommended that they 
be continued as tentative, without 
change. 

In addition to the above, this sub- 
committee has been active in sponsoring 
a Section on Photomicrography in the 
Photographic Exhibit at this Annual 
Meeting. Special commendation should 
be given to Messrs. L. V. Foster and R. 
F. Cameron for this excellent work. 

SubcommiUee VI on X-Ray Methods 
(W, L. Fink, chairman). — This subcom- 
mittee has reviewed the Tentative Rec- 
ommended Practice for Identification of 
Crystalline Materials by the Hanawalt 
X-Ray Diffraction Method (£43-42 
T), and has recommended its retention 
as tentative, with but the addition of an 
explanatory paragraph, as given earlier 
in this report. 

This subcommittee cooperated with 
the Joint Committee on Chemical Analy- 
sis by X-Ray Diffraction Methods in 
making a survey of present methods. It 
is anticipated that an acceptable method 
can be established. 

' \Sulc 0 mmitteeYII on Methods of Ther- 
mal Analysis (L. H. Carr, chairman). — 
This subcommittee has not been active 
during the year. The Standard Recom- 
mended Practice for Thermal Analysis 
of Steel (E 14 -33) is recommended for 
continuation without change. 


SubcommiUee VIII on Grain-Size (M. 
A. Grossman, chairman). — This sub- 
committee has recommended the adop- 
tion as standard of the Tentative Classifi- 
cation of Austenite Grain Size in Steels 
(E19-39T). 

Subcommittee IX on Inclusions (Sam- 
uel Epstein, chairman).— This group has 
met twice during the year and has com- 
pleted the several changes, listed earlier 
in this report, primarily clarifications of 
meaning, in the present Tentative Rec- 
ommended Practice for Determining the 
Inclusion Content of Steel (E 45 - 42 T). 

The Nominating Committee has sub- 
mitted the following nominations for 
officers of the committee for the ensuing 
term of two years: 

For Chairman, L. L. Wyman. 

For Vice-Chairman, R. E, Penrod. 

For Secretary, Mary Norton. 

The election of officers was held dur- 
ing the June meeting of the committee 
with the above nominees being unani- 
mously elected. 

With the termination of the June 
meeting, Committee E-4 is losing two of 
its oldest and most active members, both 
of whom are retiring from office at their 
own request. Mr. J. J. Bowman, Secre- 
tary, and Mr. G. F. Comstock, Chairman 
of Subcommittee I, have indeed earned 
the thanks and gratitude of the com- 
mittee. Mr. J. R, Vedilla will replace 
Mr. Comstock as chairman of Subcom- 
mittee I. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 73 members; 35 members 
have returned their ballots, of whom 34 
have voted affirmatively and 0 nega- 
tively. 

Respectfully submitted on behalf of 
the committee, 

L. L. Wyman, 
Chairman. 

J. J. Bowman, ' 

Secretary. 



REPORT OF COMMITTEE E-6* 

ON 

METHODS OF TESTING BUILDING CONSTRUCTIONS 


During the past few years the intro- 
duction of new materials, new methods 
of construction, and improved techniques 
in methods of assembly in the building 
field has created a strong demand for 
standard methods of testing to deter- 
mine the acceptability of these advances 
in the building art. The need for such 
standards has been especially felt by 
building officials and prefabricators who 
of necessity have been compelled to im- 
provise tests to meet their immediate 
problems but who at the same time have 
been keenly aware of the advantages of 
uniform nationally accepted methods of 
testing. 

Recognition of the need for expansion 
of the activities of the Society in the field 
of testing parts and assemblies led to a 
recommendation by the Society’s Ad- 
ministrative Committee on Simulated 
Service Testing that an A.S.T.M. tech- 
nical committee on methods of testing 
building constructions be established. A 
special organizing committee under the 
chairmanship of D. E. Parsons was ap- 
pointed to explore this project further. 
The committee met in Washington, 
D. C.j on September 24, 1945, and after 
thorough discussion of the objectives of 
the program, draf ted an appropriate scope 
and recommended personnel to serve on 
the proposed committee. The formation 
of the new committee, designated com- 
mittee E-6 on Methods of Testing Build- 
ing Constructions, bn the Recommenda- 
tion of the Administrative Committee 


Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28^:1946, 


on Simulated Service Testing, was ap- 
proved by the Executive Committee of 
the Society on October 16, 1945, with the 
following scope: 

Scope . — To formulate methods of test for 
building constructions, including elements, con- 
nections, and assemblies, under actual or simu- 
lated service conditions, applicable to the 
evaluation of such factors as materials, design, 
construction, and fabrication. 

Committee E-6 was organized at a 
meeting held in Washington, D. C. on 
January 23, 1946, with the following 
personnel: 

Aluminum Company of America, E. G. 
Hartmann, 

American Institute of Architects, Department 
of Technical Services, Theodore I. Coe, 
American Iron and Steel Inst., B. L, Wood, 
American Standards Assn., J. H. Courtney, 
Associated General Contractors of America, 
B. L. Knowles, 

Building Officials Conference of America, Inc., 
The, W. D. Guion, 

Douglas Fir Plywood Assn., N. S. Perkins, 
Federal Public Housing Authority, A. M. 
Korsmo, 

J. M. Frankland, Chance Vought Aircraft Div. 

of United Aircraft Corp., 

Gypsum Assn., H. J. Schweim, 

T. R. Higgins, Am. Inst, of Steel Constr., 
National Lumber Manufacturers Assn., F. J. 
Hanrahan, 

L. J. Markwardt, U. S. Forest Products Lab., 
Owens-Coming Fiberglas Coip., T, S. Rogers, 

D. E. Parsons, Nat. Bureau of Standards, 
Pittsburgh Testing Laboratory, A. R. Ellis, 
Portland Cement Assn., A. J. Boase, 

Public Buildings Administration, Federal Works 
Agency, Peter Hein, 

Purdue Research Foundation, C. F. Boester, 

G. M. Rapp, John B, Pierce Foundation, 

F. E. Richart, Univ. of 111., 

Structural Clay Products Inst,, H. C. PIummer| 

m 
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Underwriters’ Laboraiones^ Inc., Hugh M. 

Robinson, 

University of California, Roy W. Carlson, 

U. S. Department of Agriculture, Division of 

Farm Structures, W. J. Ashby, 

U. S. Navy, Bureau of Yards and Docks, Code 

F-44, H. A. Stacy, 

W. C. Voss, Massachusetts Inst, of Tech., 

K. F. Wendt, Univ. of , Wis., and - 

H. L. Whittemore, Nat. Bureau of Standards. 

At the organization meeting, com- 
mittee ofiBcers were elected, the scope of 
the project was approved, and a tenta- 
tive subcommittee structure was out- 
lined. The election of officers for the 
ensuing term of two years resulted in the 
selection of the following: 

Chairman, L. J. Markwardt. 

Vice-Chairman, F. E. Richart. 

Secretary, J. H. Courtney. 

The following subcommittees have 
since been organized: 

Subcommittee I on Panels for Light-Building 
Construction, H. L. Whittemore, chairman. 

Subcommittee II on Connections and As- 
sembled Structures, G. M. Rapp, chairman. 
Subcommittee III on Large Structural Units 
(trusses, girders, arches), F. E. Richart, 
chairman. 

Subcommittee IV on General Structural Ele- 
ments (joists, posts and columns, and elements 
not covered by Subcommittee I), K. F. Wendt, 
chairman. 

An advisory committee has been ap- 
pointed to consider the field of work for 
the committee and to act on special 
tests. The advisory committee will also 


serve as a standing committee to which 
industry can bring its problems. 

The present subcommittee structure 
is not regarded as -fixed in any sense but 
rather carries out the committee’s con- 
cept of its function, namely, that of a 
task force which would attack first the 
most immediate and pressing problems, 
such as, for example, those in the hous- 
ing field, expanding its organization as 
the need becomes apparent. First con- 
sideration is being given to methods of 
conducting strength tests of various 
kinds, because some such methods have 
already been employed and will serve as 
a basis for committee consideration. As 
the work progresses, attention will be 
given to other phases of the problem and 
to methods for some of the more intan- 
gible but nonetheless important require- 
ments, such as durability and weathering 
tests. 

This report has been submitted to 
letter ballot of the committee which 
consists of 32 members; 30 members re- 
turned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

■ L. J, Markwardt, ^ 
Chairman, 

J. H. Courtney, 

Secretary, 
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EDGAR MARBURG LECTURE 


The PURPOSE of the Edgar 
Marburg Lecture is to have described at the Annual Meet- 
ings of the American Society for Testing Materials, by lead- 
ers in their respective fields, outstanding developments in 
the promotion of knowledge of engineering materials. 
Established as a means of emphasizing the importance of 
promoting knowledge of materials, the Lecture honors and 
perpetuates the memory of Edgar Marburg, first Secretary 
of the Society. 



PROTECTIVE ORGANIC COATINGS AS ENGINEERING MATERIAES^ 
Twentieth Edgar Marburg Lecture 
B y Joseph J. Mattiello^ 

Introduction 


The manufacture of protective organic 
coatings is finally emerging as an in- 
dustrial science. The term “Organic 
Coatings,” as it is used in this lecture, 
includes such materials as varnishes, 
paints, enamels, lacquers (clear and pig- 
mented), textile coatings, plastics, and 
similar special coating materials. It 
should be pointed out, however, that the 
growth of these coating materials has 
been primarily a development of the arts. 
A decade ago the industry was in process 
of transition; it had been on the threshold 
of becoming an industrial science for at 
least several decades. But, owing to the 
impetus of war work, the chemists, 
chemical engineers, and other technically 
trained men of the industry have not 
until the present had an opportunity to 
emphasize that the protective organic 
coating industry is a chemical and en- 
gineering industry. 

These coatings are used for one or 
more of four main purposes: for decora- 
t‘on, for the protection of structural and 
technical materials, for sanitation, and 
for obtaining better distribution of tight 
or greater illumination of objects. 


These functions of protective organic 
coatings were discovered or developed in 
the order named. For many centuries 
coating materials were used largely for 
their aesthetic appeal. Later as they 
were introduced into northern countries 
where works of art did not withstand 
exposure to the more severe climate, the 
protective aspects became of greater im- 
portance. Their use for sanitation and 
illumination are a result of the influence 
of science and of the modern mechani- 
cal age. 

In the United States, Watin, in 1773, 
was the first to describe the paint and 
varnish industry as we know it today, 
technically. Copals and amber were the 
principal varnish resins at the time of 
the American Revolution. The resins 
were sweated before incorporation, and 
the oil was sweated to purify it. The 
thinner was turpentine. 

The first varnish factory was estab- 
lished in England in 1790^ in France in 
1820, in Germany in 1830, and in Austria 
in 1843. Great Britain and the Nether- 
lands were the first to place varnish 
manufacture upon a truly technical basis. 


Chemists’ Part in War Work 


The technical men of the protective 
coating industry directly concerned with 


1 Read on June 26, 1946, before the Forty-Ninth Annual 
Meeting of the American Society for Testing Materials, 
Buffalo, N. Y. . 

2 Vice-President and Technical Director, Hilo Varnish 
Corp.j Brooklyn, N. Y. 


the work of the recent World War had 
three acute problems: shifting avail- 
ability of raw materials, conservation of 
raw materials, producing organic coat- 
ings to meet requirements for global war 
end uses. Because of their fundamental 
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chemical and engineering training and 
their solid technical background experi- 
ence, these technical men solved practi- 
cally all the problems successfully. 

In the case of the shifting availability 
of raw materials, the most acute of the 
three problemSj these men had to meet 
current changes by using whatever mate- 
rials were available. Time and again 
they had worked out a substitute for a 
necessary ingredient, and then were 


all but reserved for the most acute needs. 

Producing organic coatings to meet re- 
quirements for global war end uses was a 
very large task. Lieutenant-Colonel 
Totten (50)® has stated that this was due 
both to the extreme severity of the con- 
ditions to which most of the finished 
articles were subjected and to the limited 
supply or actual unavailability of a great 
many of the raw materials required to 
produce the most durable finishes. Part 


TABLE I.~COMPARATIVE COMPOSITIONS OF TYPICAL FATS AND OILS (29). 


Acids 

Double 

Bonds 

Linseed Oil 

Tung Oil 

Perilla 

Oil 

Soybean 

Oil 

Safflower 

Oil 

Stearic 


0 

5.2 


5.2 

1.2 

7.2 

4.2 

1.5 

Oleic 


1 

14.7 


9,9 


13.6 

3.7 

32.0 

24.6 

Linoleic. 


2 

39.4 


40.7 


41.9 

49.3 

63.0 



3 


35.7 


39.2 

.... 

41.7 

2.2 

0.14 

Eleostearic. 


3 



72.8 




0 





3.7 

■ ■' 

■6.5 

3.9 



0 






0.04 

Arachidic 


0 





.... 

6.7 

0.4 




4.6 


4.6 

4.4 

4.6 

4.6 

4.6 

Iodine number. 




182.9 


190.7 

J 

217 real 

165 Wijs 

204 

124-143 

149 










Acids 

Double 

Bonds 

Walnut 

Oil 

Fish Oil 
(Men- 
haden) 

Castor 

Oil 

Olive 

Oil 

Coconut 

Oil 

Oiticica 

Oil 

Stearic 

0 

0.9 



2.5 

2.3 

' 2.8 

10.7 


1 

16.9 


24 

7.0 

84 

5.7 

5.9 


2 

69.7 


19 


3.5 

4.6 

0.9 



3 

3.1 






3 


.... 




78.2 


S 



17.2 






1 




80.6 





0 

4.4 


10,5 

6l9 

7.2 



0 

0.01 


7.7 



trace 

18.0 



0 





50.0 



0 






4.2 

9.1 



0 








0 

0.01 



’0'’i 

trace 



0 




1-2 


Paimitoleic 

1 



16.3 

.... 



Glyceryl radical 


4.6 


4.6 

4^6 

'4!8 

77-95 

"SA 

8-10 

5^2 

Iodine number. 


132-159 

130-160 

80-90 

150 








forced by fresh shortages to devise a sub- 
stitute for the substitute. Very often 
the substitute had become an alternative 
raw material for the same, end uses. 

Conservation of raw materials was the 
second acute problem. Certain mate- 
rials were impossible to get, except for 
rigid military uses. Certain other mate- 
rials could be had, but in greatly reduced 
quantities, and replacement was not cer- 
tain. They had to be used to the best 
advantages or, in some cases, not used at 


of the equipment manufactured to fight 
the global war was used under tropical 
conditions where a relative humidity of 
95 per cent and a temperature of 120 F. 
was usual, not unusual. Some of it was 
subjected to very rough handling during 
loading, transportation, and unloading; 
and some of the equipment was immersed 
in sea water for several days during land- 


3 The boldface numbers in parentheses refer to the* 
references appended to this paper, see p, 590. 
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iiig operations. These conditions were 
much more stringent than those to which 
normal peacetime finishes are subjected. 
The knowledge and experience acquired 


in development of protective coatings 
for these more stringent conditions will 
be applied towards the production of 
similar civilian coatings. 


Raw Materials 


The initial physical, chemical, and 
subsequent processing and curing prop- 
ertifs of the chemical raw materials are 
the first means of controlling the proper- 
ties of the final dried coated films and 
the life or durability of coatings. The 
application of physical, chemical, and 
engineering principles to research and 
development of the raw material has 
been largely responsible for the chemical 
and engineering trend of the protective 
and decorative coating industry. 

Drying Oils 

The drying oils (29) are mixtures of 
mixed triglycerides of unsaturated fatty 
acids. Most of the acids are 18-carbon 
acids and contain one, two, or three 
double bonds, although a small per- 
centage of the acids in fish oil has four 
double bonds and some of them have a 
higher number of carbon atoms, up to 24. 

On the same glycerol molecules there 
may be three different chains, or all 
three chains may be the same acids. In 
general, however, the three chains on the 
same glycerol molecules are different. 
The following formula may be considered 
as representative, indicating the general 
composition of the typical triglycerides 
found in linseed oil: 


bon acids and, in some few cases, of the 
higher carbon acids. By this difference 
the various drying oils are distinguished. 
Table I gives typical analyses of a num- 
ber of the more common of them. 

The composition varies, depending 
upon the climate, soil, particular crop 
year, date of harvesting of the seed, and 
other conditions. The figures given in 
the table, therefore, are not to be taken 
as strictly accurate ones to be remem- 
bered. It would probably be logical to 
round them off. For example, the com- 
position of linseed oil could be remem- 
bered for discussion as: 

5 per cent stearic acid 
IS per cent oleic acid 
40 per cent linoleic acid 
35 per cent linolenic acid 
5 per cent glyceryl radical 
In contrast to this, soybean oil has 
much higher percentage of oleic acid, a 
little more linoleic, a very small per- 
centage of linolenic acid, etc. 

Two of the normally abundant 
naturally-occurring oils, namely, tung 
(China wood) and oiticica, differ from the 
others in that the double bonds in the 
18-carbon chains are in what is called the 
conjugated position. This position is 


H , 

,H~C~OOC(CH2)7CH=CHCH2CH=CHCH2CH===CHCHsCH (Imolemc acid) 

H— e— 00 C(CH 2 ) 7 CH===CHCH 2 CH=CHCH 2 CH 2 CH 2 CH 2 CH 3 (linoleic acid) 

H— C™00C(CH2)7CH=CHCH2CH2CH2CH2CH2CH2CH2CH8 ' (oleic acid) 

. ! ^ 

. .H 

The drying oils differ from one another indicated by the following formula, which 
in the proportions of the various 18-car- is the formula for eleostearic acid. Tung 
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(China wood) oil contains 70 per cent or quicker and harder drying oils with prop- 
more of this: erties similar to tung oil. Considerable 

H H H H H H 

I i I I I I 

CHs (CHj) 3 C==C— C=C— C=C— (CHs) 7 COOH 


Following are the formulas written 
out for a number of the common acids 
encountered in the drying oils, showing 
the number of double bonds and their 
positions along the length of the chain: 

Formulas or Acms 

Stearic: CIL(CH,)7CH2CH2CH2CH2CH2CH2- 

CH2CH2CH2COOH 

Oleic: CH3(CH2)7CH=CH(CH2)7C00H 
Linoleic: Ca(CH2)4CH=-CHCH2CH-= 

CH(CH2)7C00H 

Linolenic: CH3(CH2)CH=CHCH2CH== 
CHCH2CH=CH(CH2)7C00H 
Eleostearic; CHs(CH2)3CH==CH--CH=CH~- 
CH=CH(CH2)7C00H 

Licanic (oiticica oil): CH^(CH2)3CH=CH — 
CH«CH-CH-=CH-(CH2)2C0— 
(CH2)4C00H 

Clupanodonic: CH3(CH2)CH-=CHCH2CH-= 

CHCH2CH=CHCH2CH=-CHCH2CH== 
CH(CH 2 )sCOOH 

Ridnoleic: CIL(CH2)5CHOHCH2CH-= 
CH(CH2)7C00H 
Palmitic: CH3(CH2)i4COOH 
Myristic: CH3(CH2)i2COOH 
Laurie: CH3(CH2)ioCOOH 
Capric: CH3(CH2)8C00H 
Capryllic: CH8(CH2)6COOH 
Caproic: CH3(CH2)4COOH 
Arachidic: CH3(CH2)i8COOH 
Dihydroxystearic: CH3(CH2)7CHOHCHOH- 
(CH2)7C00H 

Palmitoleic: CH^(CH2)7CH=CH(CH2)5COOH 
Glycerol: CH2OH— CHOH— CH2OH 

Tung (China wood) oil, considered by 
many to be the king of the drying oils, at 
least for industrial uses, was available 
only in limited quantities, even for war 
requirements, during the war* The 
stoppage of shipment of tung oil from 
China gave great impetus to the develop- 
ment and production of chemically 
treated, isomerized, chemically re- 
oriented, and synthetic drying oils. The 
underlying purpose was to produce 


effort has also been expended in improv- 
ing the natural oils in this direction* 

Linseed oil was among the first drying 
oils employed in paints, and apparently 
was used alone as a protective coating. 
It still is the oil used in largest volume, 
but its future may be affected by the 
newer drying oils. 

The first, though indirect, improve- 
ment of linseed oil has been through plant 
breeding. Flax strains are being de- 
veloped richer in linolenic acid, which, 
being an unsaturated fatty acid with 
three double bonds, tends to give faster 
bodying drying oils. 

The second improvement has been the 
use of additives which greatly influence 
the bodying speed of natural oils. The 
bodying speed of linseed oil, for instance, 
has been increased from 30 to 50 per 
cent, and bodied oils of lighter color and 
lower acid number have been produced 
by these catalysts. 

The maleic — chemically treated oils 
have imparted to the nonconjugated oils 
the cooking speed of the conjugated type 
and give faster drying and greater hard- 
ness to varnishes in which they are used* 
This type of oil has replaced tung oil 
satisfactorily in many varnishes. The 
maleic oils are one example of increasing 
the functionability of the resulting oil 
molecule. Here the addition product of 
maleic anhydride and fatty acids, that is, 
linseed or soybean oils, can be esterified 
with glycerol, pentaerythritol, poly- 
pen taerythritols, or other polyhydric al- 
cohols to yield a variety of drying oils of 
high molecular complexity. 

Segregated oils are produced by a sol- 
vent-extraction process which can be 
carried out on either raw or bodied oils^ 



Mattiello on Protective Coatings 


497 


at present mainly linseed, fish^ and soy- 
bean — either raw or bodied. These oils 
can be segregated into several fractions, 
one whose heat-bodying and drying tend- 
encies are considerably faster and 
another whose bodying and drying tend- 
encies are slower than the original oils. 
The former are especially adapted for 
use with dehydrated castor oil, since they 
tend towards brittleness and may need 
plasticizing. They are most valuable in 
the manufacture of hard, fast-drying 
varnishes. 

Split, distilled, and re-esterified linseed 
oil types are of current interest. The 
various esters of polyhydric alcohols and 
polyhydric alcohol polymers are very 
interesting for their fast polymerization 
and very good alkali resistance. Labo- 
ratoiy developments which show promise 
of improving linseed oil with respect to 
fast drying, alkali resistance, etc., involve 
the use of copolymers of linseed oil with 
such monomers as styrene, methyl 
methacrylate, butadiene, etc. 

Oiticica oil (a nut oil, a native of 
Brazil) is the first natural oil to be used 


keto group. It has been used in some 
speciality finishes usually made with 

tung oil. 

Dehydrated castor oil is the first chem- 
ically treated oil used extensively as a 
replacement for tung oil. When heat 
treated, it bodies several times faster 
than linseed oil and has found a per- 
manent place in many hard-drying var- 
nishes. It is fortunate that this oil was 
available to us during the war period. 
It is interesting to note briefly the chemi- 
cal development of castor oil to the 
dehydrated oil. 

Castor oil is not a drying oil, but by 
dehydration process it is chemically con- 
verted into one. Through the work of 
Scheiber ( 46 ), it has been known for some 
years that the elimination of the elements 
of water from castor oil (dehydration) 
opens up a second double bond in each 
of the three ricinoleic acid radicals and 
thus produces an oil with good drying 
properties. In considering this im- 
proved drying property, first compare the 
two fatty acids linolenic and eleostearic: 


Linolenic acid: 

HHHHHHHHHHHHHHHHOH 

I I I I I I I I .1 I I I I I I I I 

CHa— c— c=c— c— c=c— c— c=c— c— c— c— c— c— c— c— c==o 

I I I 1 .1 I I i I I 

H H H HHHHHHH 

18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

Eleostearic acid: 

HHHHHHHH 

I I ! I I I I I 

c— c=c— c=c— c=c— c 

I • i 

H H 


as a replacement for tung oil. It is of 
the mixed glyceride type. In contrast, 
tung oil , is mainly a triglyceride of eleo- 
stearic acid. Both oils contain a triply 
conjugated, unsaturated fatty acid, but 
the acid of oiticica oil also contains a 


In the linolenic acid the double bonds 
are at the 9-, 12-, IS-carbon atoms sepa- 
rated by a — CH 2 — ^group; in the eleo- 
stearic acid they are at the 9-, 11-, 13- 
carbon atoms. 

When ricinoleic acid is dehydrated, 
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both types of configuration are possible, for example, alone they dry to a matte 
as illustrated below: or frosted finish. They have greater 


Ridnoleic acid: 


H H H H H OH 

I I I I I I 

CH3(CH2)iC— C— C— C=C(CH2)7G=0 , 

I I I 

H OH H 

13 12 11 10 9 

Minus HgO 
(Dehydrating agent) 


Linoleic acid: 


H 


CH3(CH2)4C= 


H 

I 

=c- 




H 

I 

•C= 


H 


=C— (CH2)7C00H 


13 12 11 10 9 

(9,12-linoleic acid) 


Conjugated acid: 


Ha H H H H 

i I I I I 

CHa (CHs). C— C=C— C=C— (CHj), COOH 

13 12 11 10 9 

(9, 11 -linoleic acid) 


On the practical basis of producing 
dehydrated castor oil, both types of these 
conjugated and nonconjugated acids are 
formed and about IS per cent of other 
acids. On the basis of these properties 
and actual test, dehydrated castor oil 
lies between linseed oil and tung oil. 

When heat treated, it bodies several 
times faster than linseed oil and has 
found a permanent place in many hard- 
drying varnishes. 

Isomerized oils (25), drying oils known 
to contain conjugated unsaturated fatty 
acids, dry more rapidly and use less aerial 
oxygen during the drying process. In 
many natural oils, isolated double bonds 
predominate, and efforts have been 
directed toward transforming the isolated 
bonds to conjugated ones. Isomerized 
linseed and soybean oils are produced 
commercially. As would be expected, 
they have the characteristics of tung oil; 


speed of drying and greater water re- 
sistance, properties which are also ex- 
hibited in the resulting varnishes. 
Isomerized oils also body more rapidly 
' than the original oils. The development 
of these oils by re-esterifying the con- 
jugated fatty acids with higher alcohols 
other than glycerol has proceeded with 
considerable success. 

Petroleum Drying Oils: 

Highly unsaturated hydrocarbon oils 
derived from petroleum are available 
from a number of sources. These have 
drying properties, but have been em- 
ployed as extenders for linseed oil and 
have been used in various paint products, 
principally in architectural finishes where 
outdoor durability is not too important. 
Considerable research is being conducted 
in this field, and oils with improved 
diy ing properties will be produced. 
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Fish oils, particularly menhaden, sar- 
dine, and pilchard, are used in large 
quantities in the raw condition, in the 
bodied state, and chemically treated. 

Garcia nutans oil (39), which has only 
recently come to the attention of the 
industry, is considered to be a supertung 
superhard quick-drying oil It is a 
nut oil, a native of Venezuela also 
cultivated in Mexico. Laboratory tests 
of paints and varnishes made with this 
oil give great promise. It is not now 
available commercially. 

Sorbitol or Mannitol Oils: 

Synthetic oils obtained by esterifying 
sorbitol with drying oil acids, have shown 
good performance in varnishes. 

Tall oil, a waste product from the kraf t 
paper process, has found a place in the 
coating industry. In its crude state it 
is a dark, bad smelling, nondrying 
liquid. It contains some fatty acids of 
drying oils, as well as rosin acids. It can 
be refined and improved for use in place 
of some of the critical oils of a drying 
vehicle. Tall oil can also be esterified 
with polyhydric alcohols and is used in 
alkyd. During the war, it was utilized 
to prepare driers in place of the critically 
needed naphthenates. 

General Remarks: 

The idea of building oil molecules of 
greater complexity in order to get better 
speed of drying, increased bodying under 
heat, and better alkali and water resist- 
ance will continue to receive the attention 
of chemists. This general approach was 
especially influenced by the ideas of 
functionality expressed by Kienle ( 27 ). 
The future trend points definitely to- 
wards the synthesis of specially pre- 
scribed esters and , com,pounds derived 
from . various fatty acids, polyhydric 
alcohols, and additive compounds to 
produce quick-drying oils and other 
compounds with film-drying properties. 


Resins 

Rosin: 

The naval stores industry provided 
the protective coating industry with the 
first resin, rosin, and the first thinner, 
turpentine, for paints. ' The gum naval 
stores industry, so-called, is extremely 
interesting. Its products are mainly 
rosin and turpentine, obtained' from 
three different species of pine trees native 
to most of our Southern states. On the 
other hand, wood naval stores, much 
more recent in origin, consist of rosin, 
turpentine, . and pine oil obtained not 
from living trees but from the stumps, 
roots, and top wood of dead trees. This 
industry is enjoying industrial progress 
because of the greater application of 
chemical and engineering principles to 
naval stores products. The three main 
significant trends are: the generation of 
toughness in rosin derivatives as con- 
trasted with the brittleness and relative 
friability of esters and salts of rosin that 
have been known in the past; the 
further purification of pine resin acids; 
the conversion of rosin acids into pri- 
mary alcohol, for example, hydroabietyl 
alcohol from rosin. 

Rosin gave us the first so-called 
synthetic resin, ester gum (glycerol 
triabietate), which was used with tung 
oil in spar varnishes before the advent 
of phenolic resins. The next most im- 
portant rosin ester is the pentaerythritol 
rosin ester and a number of modified 
resins based on it. By esterifying rosin 
with pentaerythritol instead of glycerol, 
two outstanding differences are achieved: 
an increase of some 25 C. in melting 
point and greater stability to heat. 
Analogous varnish films made with this 
resin, in comparison with ester gum, 
dry more rapidly and show better re- 
sistance to water and alkali. A possible 
explanation of improved properties is 
the development of a more complex 
resin molecule with pentaerythritol, of 
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' greater functionality than with glycerol 
The pentaerythritol tetraabietate resin 
and its modification were used in Federal 
Specification varnishes and enamels; in 
Maritime Commission oleoresinous fin- 
ishes ; in enamels for corn and bean packs; 
in specification finishes for gun mounts, 
tanks, and trucks; in varnish-base ad- 
hesives for sticking glass fiber insulation 
to ship hulls; in concrete airfield runway 
marking paints, in flameproof tent duck 
finishes; in corrosion-resistant enamels 
for maintenance of powder plant machin- 
ery; in locomotive finishes; and in many 
other essential coatings. 

Other rosin ester gum derivatives 
used extensively in varnishes are maleic- 
modified ester gum and phenolic-modified 
ester gum. The pentaerythritol esters 
are similarly modified; they require 
smaller amounts of maleic or phenolic 
derivatives to achieve given melting 
points than the glycerol esters. 

Phenolic Resins: 

The several classes of resins falling 
under the general heading “phenolic” 
remain today the outstanding raw ma- 
terials of the coatings industry when 
durable protection is required, especially 
in the presence of moisture or deleterious 
atmospheres and environments. Where 
rigid specifications need to be met, the 
formulator generally turns to these 
resins. 

Classes . — ^The so-called phenolic resins 
may be divided into the following seven 
principal classes, based on composition 
and properties. 

1. 100 per cent phenolic, oil-soluhle, 
non heat-hardening . — ^This type of resin, 
based on paraphenyl phenol, for use with 
drying oils, was introduced to the in- 
dustry in 1928. Up to that time the 
unreduced phenolic resins were not 
compatible with drying oils and were 
not used by the varnish maker. These 
coatings dried largely by polymerization 
rather than oxidation, and thus gave 


quick-drying films of greater durability 
and resistance to moisture and chemicals. 
Later other substituted phenols were 
used, such as ^-tertiary butyl and amyl 
phenols. The advent of these 100 per 
cent phenolics for air-drying coatings 
made a sweeping change to more rigid 
specifications for spar varnishes, anti- 
corrosive metal primers, and chemical- 
resistant paints. 

2. 100 per cent phenolic, oil-soluble, 
heat-hardening . — ^These resins, introduced 
in the early 1930^s, retained their heat 
reactivity or ability to polymerize and 
harden with heat, even when combined 
with varnish oils or blown oils. Thus 
they are used especially in coatings and 
insulating varnishes of the baking type. 
It was early discovered also that they 
may be heated with rosin, ester gum, or 
ester resins, and thus produce much 
higher melting points and resistance 
properties. 

3. 100 per cent phenolic, oil-insoluble, 
heat-hardening, alcohol-soluble . — This is 
the type of phenol-formaldehyde resin 
known since 1908 and largely used in 
molding and laminating. Although in- 
compatible with drying oils in the usual 
varnish formulations, it is used in alcohol 
solution as a baking lacquer. By thus 
polymerizing with heat, it produces an 
infusible and insoluble finish. for metal. 
Recently through control of the reaction 
it has been found possible to polymerize 
such a resin at lower temperatures, thus 
making it applicable to baking coatings 
for wood, as in furniture finishes. 

4. 100 per cent phenolic liquid resin 
concentrates phenolic resin syrup s ^^). — 
Available also to the varnish manu- 
facturer is a group of phenolic con- 
centrates in the form of syrups, not 
generally soluble in oils but used to 
reinforce rosin, fatty acids, and other 
resins. Thus by incorporating S to 25 
per cent of the phenolic syrup, rosin or 
fatty acids, etc., may be modified to 
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produce higlier melting points, quicker 
drying, and increased resistance proper- 
ties. 

5. Reduced phenoUcSy resin-modified 
and oil-modified. — Resin - Modified. — 
Rosin or ester gum modified with S to 
IS per cent phenol-formaldehyde made 
their advent as varnish resins about 
1924. They produced quicker drying 
than the natural resin and were used in 
the first so-called 4-hr. coatings. The 
use of the large percentage of rosin acids 
made the phenol-formaldehyde oil-solu- 
ble. 

Oil-Modified. — About 1928 it was 
found that phenol-formaldehyde resin 
could be dispersed, by special procedure, 
in certain drying oils, such as tung oil, 
to give more concentrated phenolic 
content in a tough, flexible resin. The 
varnish manufacturer further dispersed 
and polymerized this resin in drying oils 
to produce longer oil varnishes and 
vehicles, especially of the baking type. 
Or the oil-modified resin could be polym- 
erized further by heat to produce 
baking coatings, or used to modify nitro- 
cellulose lacquers. 

6. Oil-reacted^ completely polymerized 
phenolics . — ^When colloidally dispersed 
in thinners, these are “dispersion resins.” 
Another advance in the resin art was the 
appearance of a completely polymerized 
oil-modified phenolic resin, dispersed in 
thinners. This type of vehicle dries 
quickly by solvent evaporation, and 
because it requires no oxidation in film 
formation yields extremely durable and 
solvent-resistant finishes. This reacted 
resin-oil polymer results in excellent 
adhesion to metal and alloys. 

7. Phenolic-base resins fornitrocellulose 
lacquers —K special group of modified 
phenolics is used with nitrocellulose to 
produce marproof lacquers. Such films, 
because of the highly polymeric nature 
of the resin^ have harduessj ' “cold-check” 


resistance, and the ability to withstand 
alcohol and other solvents. 

Alkyd Resins: 

The classical definition for alkyd resins 
is that they are the reaction products 
of polybasic acids and polyhydric alco- 
hols. Such products have been known 
academically since Berzelius in 1847 
made the glyceryl ester of tartaric acid 
and noted that it was a viscous, gummy 
mass. In 1901 Watson Smith made 
glyceryl phthalate, and many attempts 
were made to use it in plastics. How- 
ever, these resinous materials were of no 
interest to the surface coating industry 
until they were modified with fatty 
acids. About 1914 the nonoxidizing 
fatty acids were combined with glyceryl 
phthalate and were of interest as plasti- 
cizers for nitrocellulose lacquers. Kienle 
in 1927 disclosed another important 
development covering the use of oxidiz- 
ing fatty acids as modifiers, resulting 
in air-drying alkyds. 

Phthalic anhydride has been by far 
the most important polybasic acid and 
glycerol the most important polyhydric 
alcohol used in alkyd resins, but either 
or both may be replaced in part or 
entirely by such acids as maleic, succinic, 
adipic, and sebacic, or by such alcohols 
as the glycols, pentaerythritol, and 
sorbitol. The type and amount of 
fatty acid modifier may also be varied 
over a wide range, and rosin or other 
natural and synthetic resins may be 
added. Therefore, the ingenuity and 
skill of the chemist and engineer will be 
recognized as combining to produce a 
very wide variety of extremely useful 
alkyd resins for organic coatings. The 
fatty acid modifiers are, of course, 
esterified in the process of resin manu- 
facture, and such resins are, therefore, 
referred to as oil-modified alkyds. Other 
resins that are added are referred to as 
resin- and oil-modified a.lkyds, With 
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pMhalic alkyds, the practical limits for 
phthalic anhydride content are 25 to 
50 per cent. With 25 to 35 per cent 
content they are usually soluble in 
aliphatic hydrocarbons, but with 35 
to 50 per cent they require^ stronger 
solvents, such as the aromatic hydro- 
carbons. The oxidizing or air-drying 
types may be used alone as the sole 
fihn-forming constituent of clear or 
pigmented coatings or in combination 
with other film formers such as oils, 
amino resins, and cellulose derivatives. 
The nonoxidizing alkyds are used as 
plasticizers for nitrocellulose lacquers, 
amino resin baking finishes, and leather 
and textile finishes. 

Replacement of phthalic anhydride 
with maleic increases the hardness and 
reduces the air-drying and baking time. 
Replacement with the straight chain 
acids, adipic or sebacic, produces softer, 
more flexible resins. Replacement of the 
glycerol with alcohols having greater 
functionality, such as pentaerythritol, 
also reduces the air-drying and baking 
time whereas replacement with the 
glycols produce nondrying, very flexible 
resins. Addition of rosin or other resins 
usually reduces the drying time but 
detracts from durability. Consequently 
resin-modified alkyds are used chiefly 
for interior finishes. 

The excellent durability of oil-modified 
alkyds was clearly demonstrated on all 
types of equipment used by the Arined 
Forces during the war. For air-drying 
colored finishes, the various drying oil 
acids, linseed, tung, dehydrated castor, 
etc., may be used, but for better color 
and color retention with age the soybean 
oil type acids are used. Finishes for 
automobiles and gasoline pumps, floor 
and deck enamels, and architectural 
white finishes may be made which air-dry 
in 4 to 8 hr. or bake in 1 to 2 hr. at 200 
to 250 F. The high-speed production 
of modern industry requires very fast 


drying schedules so that baking finishes 
are used wherever possible. ■ This 
emphasizes the added advantage of the 
use of nondrying alkyds which have 
extremely pale color and nonyellowing 
properties. In combination with the 
water-white amino resins, white baking 
refrigerator finishes are possible which 
will bake in 30 min. at 300 F., having 
color, hardness, toughness, and chemical 
resistance which would have been im- 
possible a few years ago. Further 
details of these alkyd-amino resin finishes 
are given under the section on amino 
resins. 

The many variations of the very 
flexible so-called glycol-sebacic type 
alkyds are widely used in combination 
with nitrocellulose to produce coatings 
on textiles for imitation leather, hospital 
sheeting, baby pants, shower curtains, or 
for the protection of insulation on electric 
cables. In combination with other cellu- 
losic materials, synthetic rubbers, vinyl 
resins, and other polymeric film formers, 
the plasticizing alkyds will find wide 
range of industrial coatings. 

Amino Resins: 

The commercial development of amino 
resins provides another illustration of the 
enlarged possibilities for protective coat- 
ings from the use of synthetic materials. 
Made from strictly chemical compounds, 
the amino resins have characteristics 
which cannot be approached by any of 
the natural resins. Urea and melamine, 
the principal amino compounds used, 
are condensed with formaldehyde to 
form the primary reaction product. 
This product may be alkylated with a 
variety of alcohols to form ether-type 
compounds having a range of solubilities 
in such solvents as water, alcohols, or 
hydrocarbons. The various ammo resins 
are used in many industries besides the 
surface coating industty. They are im- 
portant in the plastics industry and have 
found unique uses in textile treatment, 
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the manufacture of wet strength paper, 
special tannage for leather, and in the 
demineralization of water. 

^ ■’Urea was one of the first so-called 
organic compounds to be synthesized 
from inorganic materials. Wohler’s 
historic words, written in 1828, “I 
can now make urea without the need of 
kidneys,” is generally considered to be 
the birth announcement of synthetic 
organic chemistry. His friend, von Lie- 
big, in 1834 made another amino com- 
pound which he called melamine. It 
was, however, more than a century 
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Fig. 1.^ — Comparison of Urea and Melamine. 


later before these materials were used 
in surface coatings. The commercial 
production of these chemicals had to 
await modern engineering materials and 
methods to be economical. The dif- 
ference in structural formulas and physi- 
cal characteristics of urea and melamine 
is illustrated in Fig. 1. 

Urea and melamine are believed to 
exist in tautomeric forms, and, when 
reacted with formaldehyde and alcohols, 
a number of reactions occur simul- 
taneously so that the final product is a 
very complex compound. 

Amino resins are thermosetting and 
are, therefore, used in baking finishes. 
They form clear, water-white, extremely- 


hard films with good chemical resistance. 
In fact, they are so hard that they are 
commonly used in combination with 
softer resins such as the phthalic alkyd 
resins to obtain the required flexibility. 
They make an ideal combination because 
the amino resins impart a scratch- 
resistant surface and improved alkali 
resistance to the good qualities of tough- 
ness, adhesion, and durability of the 
alkyd resins. Amino resins also reduce 
the time necessary for baking the enamels 
to at most 50 per cent of that used 
previously. 

Melamine resins are a more recent 
development than urea resins and are 
slightly, higher in cost, but their better 
performance more than offsets the cost 
factor. In general they are faster curing, 
more heat stable, and are, therefore, 
used over a wider temperature range; 
they also have better chemical resistance 
than urea resins. In the baking range 
of 250 to 300 F., both urea and melamine 
resins may be used in amounts of 5 to 
50 per cent, the remainder being alkyd 
resin. The melamine resins, however, 
may be used in a baking range of 200 
to 350 F., and for short-time periods 
as high as 400 F. Typical samples of 
industrial baking finishes which give 
outstanding performance are: 

(a) Automobile finish, using about 
15 per cent melamine resin with 85 
per cent oxidizing alkyd resin, in a wide 
variety of colors, and baking at 275 F. 
for 30 min. 

(b) Washing machine finish, requiring 
high resistance to hot soap solutions, 
using 30 to 40 per cent melamine resin 
with 60 to 70 per cent oxidizing alkyd, 
and baking at 300 F. for 45 min. 

(c) Refrigerator finish, using about 
30 per cent of a combination urea- 
melamine resin and 70 per cent of non- 
oxidizing alkyd for maximum whiteness, 
and baking at 275 to 300 F. for 30 
min. 
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Metallic Soaps and Driers 

Metallic soaps serve very useful pur- 
poses as suspensioE, flatting, grinding 
aids, driers, sealers, anti-fouling, water- 
proofing, and for developing low-luster 
clear coatings, etc. The driers, particu- 
larly the iron, lead, cobalt, manganese, 
and zinc, have been used as resinates, 
linoleates, and naphthenates for many 
years. 

TniNisnER 

Petroleum thinners of both the normal 
and high-solvency types and the coal-tar 
solvents played a significant part in 
war work. In the formulation of in- 
dustrial finishes for specific war uses, 
the thinners were very carefully selected 
for solvency and, particularly, for speed 
of drying of the final coatings. The 
coal-tar solvents used previously in the 
coating industry had gone to war for 
other industries. Under the pressure 
of war demands, Government agencies 
had issued new specifications which 
permitted the use of high-solvency aro- 
matic petroleum naphthas in place of 
coal - tar solvents. Producers of 
petroleum thinner say that they will 
produce tailor-made thinners at a later 
date. 

With regard to lacquer solvents, no 
significant changes have occurred within 
the last several years. 

Pigments 

■ Under the impetus of the war, 
pigment manufacturers continually im- 
proved their pigments. One improve- 
ment was the development of a zinc 
chromate whose water-soluble salts were 
greatly reduced. This improvement ap- 
pears to increase corrosion inhibition 
and resistance to blistering. 

Red lead is still widely used as a 
corrosion-preventive pigment. Metal 
protective paints, made with faster- 
drying vehicles in which the pigment is 


predominantly red lead, are providing 
outstanding long-time protection. 

Luminescent Pigments: 

Improvements have been made both 
in the brightness of the fluorescence and 
in the length of the phosphorescence. 

Aluminum Pigments: 

The trend in aluminum paint appears 
to be towards a ready-mixed product 
which is ready for use by the consumer. 
The leafing stability of aluminum pig- 
ment in ready-mixed aluminum paint 
has been definitely improved as a result 
of development work carried out by the 
pigment manufacturers in the past year 
or so. During the war, aluminum paint 
was used for essential applications where 
such properties as resistance to heat and 
moisture penetration were necessary. 

Paints and Enamels 

Interior and exterior finishes which 
were modified or changed by war emer- 
gencies may find a permanent place in the 
coating industry. 

Primerless Plats: 

A considerable number of so-called 
primerless flats have appeared within 
recent years. They are a logical out- 
growth of the calci-coaters and combine 
the easy application properties of emul- 
sion paints with the washability of oil 
paints. They represent an improvement 
over calci-coaters in that they produce 
films which are more readily recoated 
when redecoration is in order, this 
property being achieved by a judicious 
selection of pigments and extenders 
combined with heavy, treated oils 
blended with suitable resins. These 
primerless flats are designed to produce 
a uniform finish over surfaces of widely 
varying porosity, and many of them do 
not fall far short of this goal. 

Emulsion Paints: 

The popularity of ■ emulsion paints 
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has been well maintained during the 
past years. It is attributed mainly 
to the scarcity of oil, but undoubtedly 
the inherent application properties and 
relative freedom from objectionable odor 
have been important factors to the ulti- 
mate consumer. Improvements in wash- 
ability have been effected to an extent 
sufficient to lead to a proposal for a 
more rigid performance requirement in 
Federal Specifications. These coatings 
have been produced to date of flat luster, 
and present indication is that gloss 
emulsion enamel will be successfully 
produced. 

Outside House Paints: 

House Paint Pigmentation. — ^The pig- 
mentation trend in house paints seems 
well established toward lower lead and 
increased titanium dioxide. This trend 
can be observed by a careful analysis of 
the paints listed in the National Paint, 
Varnish and Lacquer Association Circu- 
lars 648 and 669. Such an analysis shows 
trends toward: {a) titanium dioxide- 
leaded zinc-extender and/or lead; (J) 
titanium-magnesium pigment and ti- 
tanium - calcium pigment away from 
titanium-barium pigment; {c) lower lead 
in titanium-type pigmentations. 

Bodied Oil. — House paints made with 
limited amounts of bodied linseed oil 
with low acid number seem well estab- 
lished as a result of the war. The 
performance of such conservation paints 
to date leaves little doubt that paints 
formulated with reasonable amounts of 
bodied linseed oil, together with some- 
what higher than normal pigment volume 
and thinner content, will continue to 
command interest. In this connection 
means of obtaining good application 
properties are important and become 


more so as the viscosity of the bodied 
linseed oil used is increased. It is quite 
probable that application properties to- 
gether with ultimate durability charac- 
teristics which generally are not yet 
known will determine to a very great 
extent the bodied oil content of the 
future house paints. 

Plastics 

The application of solid or fluid plastics 
in film form opens a whole new field of 
materials that can be used as protective 
coatings. These plastics are composed 
entirely of film-forming materials (100 
per cent nonvolatile). 

Polyethylene resins have favorable 
electrical characteristics for use in 
electronic application. Polyethylene 
plastics are tough, have good impact 
resistance and extremely low moisture 
vapor transmission, and unusually low 
water absorption. Their chemical re- 
sistance is outstanding. Polyethylene 
is one of the lightest plastics, so light 
that it will float in water. It remains 
usable at temperatures lower than 90 F. 
and is sufficiently rigid for use in tempera- 
tures up to 230 F, Polyethylene is 
colorless and translucent but can be 
prepared in color. The important point 
to emphasize is that polyethylene plastics 
can be flame-sprayed as protective 
coatings on metal surfaces, with resulting 
films of good adhesion, and, in addition, 
they exhibit the good chemical and 
physical properties already given for 
these res'ns. Other suggested uses for 
these resins are for washers, gaskets, and 
other molded articles, films for coated 
fabrics and papers, collapsible tubes, 
tubings, filaments, etc. 

The general question of plastics versus 
organic coatings will be discussed later. 


Coatings 

All organic coatings may be classified physical appearance: clear transparent 
into two main groups on the basis of films and opaque and colored films. 
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films which dry to hard, continuotis, 
permanent, solid coatings when exposed 
to air or heat. The first step in the 
drying of varnish films is the evaporation 
of the volatile portion, which leaves the 
nonvolatile material to dry by oxidation 
and/or a combination of polymerization 
and condensation. Some varnishes dry 
only by evaporation — for example, cold- 
cut resin varnishes and shellac. 

Classification: 

According to their constituents, varn- 
ishes may be divided into two main 
types: 

1. Oleoresinous varnishes 
{a) Oil plus 

(1) Natural resins 

(2) Synthetic resins 
{h) Oil 

(c) Oil-modified 

(1) Glycerol phthalate 

(2) Pentaerythritol phthalate 
or other esters 

(3) Chlorinated rubber 

Table I 

Composition of Oleoresinous Varnishes 


Oils Resins Driers Thinners 



They may be designed as varnishes, 
clear lacquers, or clear coatings when 
used to produce a clear transparent 
film; and vehicles or binders when used 
to produce opaque and colored films. 

Varnishes 

Definition: 

The definition of a varnish, as given by 
A.S.T.M. Tentative Definition of Terms 
Relating to Paint, Varnish, Lacquer, and 
Related Products (D 16-44 T)^ is: 
^'A liquid composition which is converted 
to a transparent or translucent solid 
film after application as a thin layer/' 

There can be no doubt that varnishes 
are a heterogeneous system, consisting 
of resin and thinners, or resins, oils, 
thinners, and driers. Some consider 
varnish a solution; others classify it as a 
colloid. They are partly a solution and 
partly a colloid. 

In a physical sense, varnishes are fluids 
that can be spread readily to thin smooth 

* 1944 Book of A.S.T.M. Standards, Part II, p, 1551. 
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2. Spirit varnishes 
(a) Solvent pins 

(1) Natural resins 

(2) Synthetic resins 

Type 1 dries by oxidation, or oxidation 
and condensation, or by oxidation, 
condensation, and polymerization. 
Type 2 dries either solely by evaporation 
or by evaporation and some oxidation 
and/or polymerization. 

Oleoresinous Varnishes: 

General Composition. — The four main 
(Table II) constituents (raw materials) 
of the oleoresinous varnishes are: 

1. {a) Drying and semi-drying vege- 

table oils. 

{!)) Drying and semi-drying fish 

oils. 

{c) Oils chemically converted. 

{d) Synthetic drying oils. 

2. Resins. 

3. Driers. 

4. Thinners (or solvents). 

They are illustrated diagrammatically 
in Table II. 

Function of Each Constituent . — ^The 
resins impart hardness, . toughness, 
ductility, adhesion, waterproofness, and 
gloss. Hard resins accelerate drying. 

The oils impart flexibility, toughness, 
adhesion, durability, and relative water- 
proofness. 

The driers have, as their main function, 
the acceleration of the drying time. 

The primary function of thinners is to 
reduce viscosity or increase fluidity so 
as to permit easy application of the 
varnish coating. Slow - evaporating 
solvents also have the effect of increasing 
the hardness of a film. When resins 
and oils are processed together (cooked), 
a very viscous substance is obtained 
which is difficult to spread into a thin 
film. In reducing the viscosity, the 
thinners or mixture of thinners used 
must satisfactorily dissolve or disperse 
ail the solid ingredients of the varnish. 
This is true in general for all vehicles. 


Characteristics of Oleoresinous Varn- 
ishes. — In designing a varnish, it is 
absolutely necessary to know the per- 
formance expected. For example; 

1. Floor varnish must dry overnight to 
a tough, hard film of good gloss; must 
have good water and alkali resistance 
and good resistance to scuffing. 

2. Spar varnish should dry to a hard, 
glossy film which must stand the atmos- 
pheric conditions prevailing: salt air, 
actinic rays of the sun, moderate chemi- 
cal resistance, etc. 

3. Chemically resistant varnishes must 
be designed to withstand acids, alkali, 
and other chemicals with which they 
may come in contact. 

4. Many other examples, each to meet 
some special requirements. 

Varnish “Of/ Length.^’ — varnish 
may be composed of one of each of the 
components enumerated; however, most 
varnishes are composed of several resins, 
oils, driers, and thinners. 

Varnishes are known as of short, 
medium, or long “oil length.’^ The 
oil length is defined as the number of 
gallons of oil used per 100 lb of resin. 
Varnishes of short oil length will dry 
faster and will usually be more brittle 
than varnishes of long oil lengths. 

TABLE III. 

45-sal. Varnish {Spar Varnish type) 

Basis: 100 lb. resin 1 Varies from 45 to 60 per cent 
45 gal. oil / nonvolatile 

X gal. or lb. drier! Varies from 55 to 40 per cent 
y gal. thinner / volatile 

18 -gal. Varnish {Floor Varnish Type) 

Basis: 100 lb. resin 1 Varies from 45 to 50 per cent 

18 gal. oil / nonvolatile 

X* gal. or lb, drier! Varies from 55 to SO per cent 
y* gal. thinner j volatile 

Table III illustrates a 45-gal. varnish, 
spar varnish type, and an 18-gaI. varnish, 
floor varnish type. 

Testing. — ^\^arnishes are usually exam- 
ined by the manufacturer for appearance 
(clarity), color, viscosity, specific gravity, 
drying time, etc. With some varnishes, 
it is necessary to check their water, 
alkali, and acid resistance. Rubbing 
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varnishes should be checked for rubbing 
and polishing; and insulating varnishes, 
for electrical insulating properties. 
Some varnishes may have to be resistant 
to specific reagents. 

A f plication . — ^\^arnishes are applied 
either by brushing (mainly for painting 
homes and buildings) or by spraying or 
dipping (mainly for commercial uses). 

Uses : — Varnishes are used on surfaces 
either for interior or exterior exposure 
and on many hundreds of industrial 
articles. 

Lacquer (Nitrocellulose) 
Definition: 

The word ^'Lacquer’’ is generally con- 
sidered to indicate a liquid coating, made 
up of volatile and nonvolatile portions, 
which dries rapidly and leaves a hard 
tough film when applied in thin coats. 
Webster’s Dictionary mentions four 
types of lacquer: 

1. A spirit (alcohol used as solvent) 
varnish, as shellac, often colored, used 
especially for coating brass and other 
metals to heighten their luster or prevent 
tarnishing. 

2. Japanese or Chinese lacquer, the 
chief constituent of which is urushiol, 
obtained by tapping the Japanese varnish 
tree, straining, and drying the sap by 
heat. To the resulting dark brown 
syrupy liquid are usually added diluents, 
pigments, etc. Burmese lacquer and 
Formosan lacquer contain thitsol or 
caccol in place of urushiol. 

3. Any of the various artificial 
varnishes or varnish paints, usually 
colored and often opaque, in which 
pyroxylin, resins (natural and synthetic), 
ester gum, asphalt, cellulose acetate, 
etc., serve as bases. 

. 4. An oieoresinous coating for' food 
containers, usually hardened by baking. 

Although the products first named 
were formerly known as lacquers, the 
present day, lacquer refers primarily' to 


nitrocellulose (pyroxylin) coatings, which 
may be either clear or pigmented. 

Nitrocellulose lacquers dry primarily 
by evaporation, a fast process as com- 
pared with the relatively slower process 
of oxidation which causes the air drying 
of oieoresinous finishes. 

Lacquers are also composed of four 
general components: resins, plasticizers, 
nitrocellulose (cellulose nitrate) or other 
cellulose esters, and thinners. 

The thinners consist of a mixture of 
active solvents, latent solvents, and 
diluents. 

Resins impart the following properties 
to nitrocellulose lacquers: 

1 . Increased adhesion , as nitrocellulose 
alone is notably lacking in this desirable 
characteristic. 

2. Increased solid content, body, and 
depth, and with some resins without 
changing the viscosity appreciably or 
unduly raising the cost. 

3. Increased gloss, luster and brilli- 
ancy. Improved outdoor durability by 
the use of certain alkyd resins, 
particularly in clear finishing lacquers. 
Improved water resistance and chemical 
resistance as may be necessary under 
special conditions. 

Plasticizers {Softeners): 

The plasticizers impart the elements 
of elasticity, durability, and adhesion. 
They are either solid or very slow-evap- 
orating liquids. They improve the flow- 
ing properties of lacquers, inhibit blushing 
and enhance the luster of the dry film . 

Nitrocellulose provides the element of 
toughness and assists in making a con- 
tinuous film. The nitrocellulose solu- 
tions offered in the market vary in 
viscosity from | sec. to ISO sec. These 
nitrocellulose solutions of different viscos- 
ities may be used to adjust the viscosity 
of the final lacquer. Viscosity, the most 
important physical property, is of great 
value in controlling the finished product, 
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Solvents^ Latent Solvents,, and Diluents: 

The important function of these is 
solvency and the reduction of the 
viscosity of the viscous masSj which is 
composed of nitrocellulose, resin, and 
plasticizer, to that fluidity which will 
permit easy spreading of the lacquer 
to a thin film. 

II se^ Requirements: 

The performance of the finished 
lacquer governs the selection of resins 


and plasticizers, as well as the solvents 
and other ingredients. Adhesion of film 
is increased by the proper choice of 
resins or resins and plasticizers combined. 
Those resins which impart good adhesion 
to lacquers are shellac, elemi, alkyds, kauri, 
pontianac, Congo, and Zanzibar. In the 
formulation of lacquer, it is very often 
necessary to use several resins to get the 
desired properties such as body, gloss, 
adhesion, fullness of film, or other per- 
formance characteristics. 


Fundamental Investigations 


Fundamental investigations have 
played a significant role in the protective 
coating field, as in other chemical and 
engineering industries, to establish a 
more scientific understanding of the 
chemical and engineering aspect of the 
industry. Examples of such investiga- 
tions are those conducted by J. S. 
Long (30), T. F. Bradley (5), B. P. 
Caldwell (U), and J. J. Mattiello and 
L. T, Work (34) on the bodying of 
linseed oil 

Perhaps one of the most time-consum- 
ing operations in the manufacturing of 
paints and varnishes has been the 
preparation of bodied oils. Compared 
with other operations, it is costly. 

During the process of bodying drying 
oils from the raw state to that of heav}^ 
viscous liquids, many chemical and 
physical changes occur concurrently. 
Although the nature of these changes and 
all the factors that affect their speed and 
sequence are not known, it is agreed that 
reactions of polymerization, condensa- 
tion, cracking, oxidation, hydrolysis, 
rearrangement, and gelation are in- 
volved. The sequence of some of these 
reactions and other chemical changes 
that occur during bodying have been 
discussed by Long (30), Bradley (5), and 
others. 


The art and skill of the old-time 
varnish maker have yielded only slowly 
to the more scientific control and to the 
developments of the chemists and 
engineers who have entered the coating 
materials industries. The complexity 
of the organic molecules which they 
have had to deal with, however, has 
necessitated the continued use of meth- 
ods which, although more exact and 
more scientifically grounded than those 
of their predecessors, nevertheless are 
still quite empirical. 

With the growth of the oil-processing 
and oil-consuming industries it became 
increasingly apparent that progress was 
largely circumscribed by the lack of 
adequate fundamental knowledge. On 
this account, during recent years, con- 
siderable support has been accorded the 
more fundamental investigations. 

From a practical aspect the wetting 
and livering properties of the bodied 
oils for the various pigments used in the 
production of pigmented coatings are of 
vital importance. A comprehensive sur- 
vey of the chemical and physical 
properties, such as viscosity, specific 
gravity, color, apparent mean molecular 
weight, index of refraction, acid number, 
or iodine number, determined at various 
stages of bodying, does not help in 
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evaluating the wetting and livering 
properties of the bodied oils. Practical 
tests, the actual making of pigment oil 
pastes, are of considerable value for the 
purpose of standardizing and controlling 


ing properties of four pigments — pea- 
cock blue, zinc oxide, titanium oxide, 
and carbon blacks — with oils bodied at 
temperatures varying from 535 F. to 
600 F. and exposed to air and under 



Fig, 2. — Flow and Livering Characteristics of Peacock Blue Pastes Made with Bodied Linseed Oils 

Processed in Air (34), 



Viscosity in Poises 


Fig. 3.— Flow and Livering Characteristics of Zinc Oxide Pastes Made with Bodied Linseed Oils 

Processed in Air (34). 


reactions both for the bodying of the oil 
and evaluating pigment oil systems used 
in pigmented coatings. 

The work of Mattiello and Work 
(34) is of interest in this connection. 
They investigated the wetting and liver- 


vacuum. Figures 2, 3, 4, 5, and 6 
iUustrate graphically the results of pig- 
ment oil pastes made with the bodied 
oils, ranging in viscosity from raw oil 
of 0.5 poise to very heavy bodied oils of 
150 poises. The flow characteristics 
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of the pastes were arbitrarily chosen,.,aad — --^^is^'-pafticularly interesting to note 
quantitatively defined "by means of a that for the first three pigments the 
Binney & Smith flowmeter (34) as wetting characteristics of the bodied oils 
having buttery consistency or as ^‘very improve considerably as the oil increases 



Viscosity in Poises 

FiG» 4.— Flow Characteristics of Titanium Oxide Pastes Made with Bodied Linseed Oils Processed 

in Air (34) . 



Viscosity in Poises 


Fig. 5. — Flow Characteristics of Carbon Long-Type Black Pastes Made with Bodied Linseed Oils 

Processed in Air (34), 


excellent, excellent, very good, good, 
fair, and poor flow/’ 

These properties of the bodied oils 
for the pigments are a function of the 
bodying temperatures and viscosity of 
the bodied oil, shown graphically as 
flow areas in the figures just mentioned. 


in viscosity from raw state to about 5 
poises. Thereafter the improvement in 
wetting properties is much less as the 
viscosity of the oil increases. 

The development of the livering area 
which is above the line A-C, Figs. 2, andfl, 
is of considerable practical importance. 
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Livering is the term applied to. a state 

of fixed rigidity.-~- 0 f -a pigment-oil paste 

-^wiiicii^'resuits from a drastic change in 
consistency upon aging. This change 
may be of such magnitude that pastes 
of excellent, good, or poor flow may alter 
to a rigid state. The phenomenon of 
livering is the result of an irreversible 
reaction. The illustration presented 
clearly indicates how to process bodied 
oils with nonlivering tendency. 

It is particularly interesting to note 
the viscosity of the bodied oils which 


in ability to wet pigments easily. A 
bodied oil has less tendency to penetrate 
and, therefore, produces a dried film of 
higher luster. A bodied oil has better 
binding properties for pigments; on the 
other hand, when used in pigmented 
products (paints and enamels), a bodied 
oil induces hard brushing because of its 
increased tack. 

This kind of investigation extended 
to house paints proved of extreme value 
during the war period because of scarcity 
of linseed oil. 



Fig. 6. — Flow Clmracteristics of Carbon, Short-Type Black Pastes Made with Bodied Linseed Oils 

l^rocessed in Air (34). 


just changes the consistency of the 
pastes from buttery consistency to 
either very excellent or excellent flow. 
These values place the pigments dis- 
cussed in the following order of diminish- 
ing ability of the bodied oils to wet the 
pigments. 

, 1. Zinc oxide. 

2. Peacock blue. 

3,.- Titanium oxide. 

4. Carbon black — long type. 

5. Carbon black — short type. 

A bodied oil in comparison with raw 
oil is also improved considerably in its 
ability to dry more quickly, in its 
resistance to water and to alkali, in- 
creased impermeability to moisture, and 


Eodted Linseed Oils in Outside House 
Paints 

The formulation of outside house paints 
over the past twenty years has seen many 
changes in the composition of the pig- 
ment. The vehicle (called standard), 
however, remained practically unchanged 
as: 90 per. cent binder and 10 per cent 
thinners and driers; the binder consisting 
of about 92 per cent raw or refined linseed 
oil and 8 per cent air-bodied linseed oil 
of about Q (4.35 poises) viscosity. 

About eight years ago ' an exposure 
program was started with the specific 
plan of developing improved house paint 
finishes through; the use uf .bodied .or 
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processed oils. These- first ''''studies in- 
cluded'" a number of drying oils other 

than linseed oil and several series of 
bodied oils. 

Starting with an alkali-refined linseed 
oik the oil was bodied at 600 F. and at 
535 F. in both air and vacuum. The 
'600 F. air-bodied oils were bodied to 
viscosities ranging from 0.2 to 160 poises 
and the acid numbers of these oils tested 
were 0.28 to 15.9. The air-bodied oils 
bodied at 535 F. also ranged from 0.2 
to 160 poises with acid numbers of 0.28 
to 7.5. The oils bodied in vacuum at 
both 600 F. and at 535 F, ranged in 
viscosity from 0.2 to 250 poises and 
their acid numbers ranged from 0.2 to 
2.5. 

The standard vehicle already men- 
tioned was used as the control. A 
pigmentation widely made commer- 
cially was used in all the paints. 
The bodied oils were used as 100 per cent 
of the binder; as 25 per cent of the 
binder, the remaining 75 per cent being 
alkali-refined linseed oil; and as 10 per 
cent of the binder, the remaining 90 per 
cent being alkali-refined linseed oil. 
The paints were all formulated at 28.5 
per cent pigment volume,' adjusting con- 
sistency with mineral spirits to stand- 
ard Kreb’s units as measured nn the 
Stormer Viscometer, Kreb’s units are 
given by Gardner (22, p. 306). 

Four years exposure of these paints 
developed definite information which 
permitted the drawing of several interest- 
ing conclusions regarding the durability 
characteristics of the bodied oils — their 
resistance to loss of film integrity as 
compared to the standard vehicle which 
had been used for many years. The 
bodied oils were more subject to checking 
cracking failure. In the air-bodied oils, 
iio noticeable drop in durability 
..was noted with increasing viscosity up .to 
about X (12.9 poises) viscosity. At 
about, X viscosity there was a definite 


break in durability, the failures increas- 
ing in severity with increasing viscosity. 
This was true at about the same point — 
X viscosity — for both the series bodied 
at 600 F. and the series bodied at 535 F., 
though acid number increased more ra- 
pidly for the oils bodied at the higher 
temperature. For the vacuum-bodied 
oils again there was a break in durability 
at thfe higher temperature and at the 
higher viscosities. However, with the 
vacuum-bodied oils the break occurred 
at a viscosity somewhat higher than X; 
also the breaks were not .as definite or 
as severe for the vacuum-bodied oils as 
for the air-bodied oils. 

Apparently durability was impaired 
by both high viscosity and increasing 
acid number. From this work it was 
felt that air-bodied oils up to X viscosity 
could be used safely provided the acid 
number was not too high (in the range 
of 7.0 acid number as a maximum) 
and that with vacuum-bodied oils some- 
what higher viscosities could be tolerated. 

It was interesting to note that these 
results held fairly constant whether the 
bodied oil constituted 100, 25, or 10 per 
cent of the total binder. This indicated 
that even a comparatively small amount 
of improperly selected bodied oil was 
injurious to film durability. 

About this time the demands of the 
war brought on a severe shortage of 
drying oils and plans were made to 
conserve linseed oil by reducing the 
amount permitted per gallon in various 
types of paints. House paints, as pro- 
duced for many years, carried about 5 
lb. of linseed oil per gallon. Conserva- 
tion formulations were issued reducing 
the linseed oil content to 3.75 lb. per 
gallon, keeping the pigmentation un- 
changed and making up the lost volume 
with mineral spirits. This automatically 
raised pigment volume from 28.5 per 
cent to 35 per cent. To maintain paint 
consistency this could be accomp- 
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lished by the use of bodied oils as all or 
part of the binder. 

The original conservation formulations 
were written with 50 per cent of the 
binder as Z4 (63.4 poises) viscosity lin- 
seed oil— no limitations as to methods 
of bodying, acid number, etc. These 
paints were too heavy in consistency, 
requiring considerable reduction with 
mineral spirits before using. Eveii when 
further reduced, the paints had poor 
application properties. 

Information from these bodied-oil 
studies made it apparent that use of Z4 
viscosity linseed oil would be expected to 
lead to poor durability and to final films 
with poor repaint characteristics. These 
conservation formulations were soon 
revised without limitations as to the 
amount of bodied oil to be used or the 
viscosity of the bodied oil used. This 
revision permitted the paint technician 
to take advantage of the information 
available from these bodied-oil studies 
and to formulate their conservation 
paints around bodied oils of lower vis- 
cosities with reasonable assurance that 
good results should be obtained. 

In these conservation paints, the chief 
unknown factor was the effect of increas- 
ing pigment volume from 28.5 per cent 
to 35 per cent. This change would be 
expected to lead to thinner films, though 
the drop in film thickness should be 
partly offset by the better nonpenetrat- 
ing properties of the bodied oils. In 
unbodied-oil house paints, increasing 
pigment volume leads to more rapid 
chalking rates and resultant shorter 
film life. This cannot be corrected by 
the use of slower chalking pigments 
because of the increased dirt and mildew 
collection and poor appearance. It was 
expected that the bodied oils would show 
somewhat slower chalking and at least 
partly offset the increased chalking 
rates resulting from the increased pig- 
ment volumes. 


To determine the effect of these various 
formulation changes, extensive exposure 
studies were' undertaken. The results, 
now four years old, have given us these, 
important conclusions: with proper con- 
trol of the bodied oil and with pigmenta- 
tions having good check-crack resistance 
properties, house paints of the general 
composition of the conservation formula- 
tions can be made to yield appearance, 
protection, and repaint surfaces com- 
parable with the pre-war type house 
paints. They afford a substantial saving 
in linseed oil consumption. 

With the pigment combination used 
in these studies we have drawn the 
following conclusions, based on four 
years south vertical exposures. 

1. With 92 per cent alkali-refined linseed 
oil plus 8 per cent Q (4.35 poises) 
viscosity linseed oil: 

Durability perfect at 28.5 per cent 
PV (pigment-volume percentage of total 
paint). Failures apparent at 32 per cent 
PV and increasing in severity at 35 per 
cent PV and at 40 per cent PV owing 
to increased chalking rate to thin films 
with resultant loss of resistance of the 
film to cracking, etc. Durabilities defin- 
itely improved at the higher PV by use 
of chalk-resistant pigments, ’ but dirt 
collection definitely increased to poor 
appearance. 

2. With 100 per cent Q viscosity linseed 
oil (air-bodied) : 

Durability perfect at 28.5 per cent PV 
and at 32 per cent PV. Durability 
practically perfect at 35 per cent PV 
and definitely superior to the paints at 
35 per cent PV with 92 per cent alkali- 
refined linseed oil plus 8 per cent Q 
viscosity linseed oil, probably owing to 
improved weathering resistance ' of the 
100 per cent Q viscosity oil 

3. With 100 per cent Z (22.7 poises) 
viscosity linseed oil (vacuum-bodied): 
Perfect durability at 28.5 per cent 

PV. Practically perfect durability at 
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32 and 35 per cent PV, Slight cracking 
failure at 40 per cent PV. 

4. With 100 per cent Z viscosity linseed 
■ oil (air-bodied) : 

Durability satisfactory at 28.5 per 
cent PV. Failure showing at' 32.5 per 
cent PV and progressively worse through 
35 per cent PV and 40 per cent PV. 

5. With 100 per cent Z4 (63.4 poises) 
viscosity linseed oil (vacuum-bodied): 
Durability satisfactory at 28.5 per 

cent PV. Slight failures at 32, 35, and 
40 per cent PV. These failures start 
as loss of adhesion at the edges of the 
siding, curling away: to expose bare 
wood. 


6. With 100 per cent Z4 viscosity linseed 
oil (air-bodied): 

Failures at all pigment volumes. 

Again these failures occur as loss of 
adhesion at the edges of the siding, 
curling away to expose bare wood. 

7. With 100 per cent Z6 (148 poises) 

viscosity linseed oil (vacuum-bodied): 
Failures at all pigment volumes 

(failures similar to 6). 

8. With 100 per cent Z6 viscosity linseed 
oil (air-bodied): 

Failures at ail pigment volumes. 

Similar to the failures under 6 but more 
severe. 


Corrosion 


As in the past, today the most com- 
monly used means of combating metallic 
corrosion is painting. New alloys, 
electroplating, surface film treatment, 
enamels, and other protective measures 
are being employed to protect base 
metals against corrosion, but paint still 
remains the most widely used means of 
extending the useful life of ferrous and 
non-ferrous metals and alloys. 

Factors and forces operative in a 
corrosion cell are very complex and 
constitute a specialized study in them- 
selves. Because of the complexity of 
corrosion study and the time which would 
necessarily be involved in giving even a 
brief explanation of corrosion funda- 
mentals, the subject will be treated only 
as regards the mechanism by which 
paints function to combat corrosive 
forces and some of the factors connected 
with their use. 

^ Paints prevent corrosion in three ways: 
(a) mechanical, (5) inhibitive formula- 
tion, and (c) galvanic protection* 
Paints, in all three mechanisms, act to 
guard against continued electrochemical 
corrosive attack, the most common force 
of corrosion. 

The electrochemical process of cor- 


rosion is a condition under which a metal 
goes into solution in an ionic condition 
with the displacement of less electro- 
positive ions from the solution. For 
example, when iron rusts, ferrous ions 
go into solution at some point or points 
and by so doing displace hydrogen from 
the solution. The reaction is as follows: 

1. Fe Fe+++2e 
H 2 O H+ +OH- 

2. 2H+ + 2e Hs 

This hydrogen escapes either as dis- 
solved or gaseous hydrogen, leaving an 
excess of hydroxyl ion which renders the 
system alkaline. The driving force be- 
hind this reaction is associated with 
potential differences between point of 
solution and point of displacement. 

This reaction may be followed visually 
by use of the familiar ferroxyl reagent. 
If a piece of steel is placed in a jelly 
containing a few drops of potassium 
ferricyanide and a few drops of phenol- 
phthalein, after an hour or two blue 
areas appear where the ferrous ion from 
the metal has reacted with the ferri- 
cyanide. At other areas the excess of 
hydroxyl ion (OH~) turns the phenol- 
phthalein indicator pink. This initial 
step in rusting does not take place until 
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water, coming through the paint film, 
reaches the metal. 

Mechanical protection by means of 
paint relies upon isolation of the metal 
from, the exposure environment and also 
upon the ability of the coating to insulate 
the anodic and cathodic areas from the 
necessaiy aqueous bridge between them. 


. AQUEOUS BRIDGE 


INSULATING PAINT FILM 






<AN0DE> (CATHODD 

(o) 
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AQUEOUS BRIDGE 


A C 

(ANODE) ^ ^ (CATHODD 

BASE METAL 


ih) 


ANODE C ATHOD E 

Fe+2H20-^Fe{0H)2 + H2 2H\2e-*2H 
+ 
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iFelOHl/O/aHsO-^FelOH), 


(c) 

Fig. 7. 


This is indicated in Fig. 7 (o). The 
paint film merely acts as a waterproof 
coating or electrical insulator between 
areas A and C. These areas must have 
a closed circuit in order to operate as 
a corrosion cell. It is a simple form of 
protection. There is, however, a major 
disadvantage to this type of paint pro- 
tection, If the surface to be protected 
is not completely covered with a film 
that is free of pores, the corrosion process 
may be concentrated at these anodic 
areas, which usually constitute a small 
portion of the active area. This type 
of attack results in a pitting form of 
failure rather than a more generally 


distributed form of corrosion. Mechani- 
cal damage to the film after application 
has the same effect. The anodes and 
cathodes of a corrosion cell are not 
necessarily far apart and a small pore 
or scratch is sufficient to expose or create 
anodic and cathodic areas. 

There are, however, distinct ad- 
vantages to mechanical film protection, 
particularly in finish coats of especially 
prepared paints, which can be used in 
strong acid and alkali environments. 
Mechanically protective films are used 
with success only where there is assur- 
ance that complete coverage of surface 
is possible with minimum opportunity 
for accidental piercing of the film and 
where periodic inspection permits quick 
repair of broken films. It should be 
pointed out, however, that pore-free 
films are extremely difficult to obtain. 

The second t 3 Fpe of protective paints 
(those formulated with inhibitive pig- 
ments) are particularly useful because 
they are not as sensitive as the 
mechanical type of film towards small 
breaks or pores in the coating, and 
moisture impermeability does not have 
to be as complete to insure prolonged 
protection. This desirable feature is 
due to the passivating action of this 
type of paint. 

When some metals are pre-exposed or 
remain in contact with certain reagents, 
their surfaces become passive or inactive 
towards environments in which they will 
normally corrode owing to the forma- 
tion of self-healing protective films. 
Inhibitive pigments can also act as a 
source of passive reagent. These pig- 
ments depend upon the availability of 
limited amounts of moisture in order 
that the ions responsible for producing; 
passivation may reach the metal surface.. 

Further explanation of corrosion; 
phenomena and passivation may be made 





MaTTEELIO on I^OTECXreE GOATINGS 


517 


using iron as an example. Considering 
the base metal to be iron in Fig. 7 (6), 
the usual sequence of corrosion events 
would be as shown in Fig. 7 (c): (1) 
solution of iron at anode as ferrous iron; 
(2) formation of ferrous hydroxide; (3) 
oxidation of ferrous to ferric hydroxide. 

The solubility of ferrous hydroxide 
in neutral solutions is greater than that 
of ferric hydroxide, allowing the ferrous 
material to difiuse some distance away 
from the point of origin before it pre- 
cipitates out as ferric hydroxide because 
of its lower solubility. However, if the 
iron forms an adherent oxide film in 
intimate contact with the base metal, 
it stops further solution of the metal 
underlying it, thus passivating the metal. 
Protection in this case is established 
at the anode by preventing further solu- 
tion of the metal; in other words, by 
oxidizing the ferrous ions at the point of 
solution, the insoluble ferric hydroxide 
covers the anode effectively. Such ac- 
tion might be considered analogous to the 
thin oxide film which forms on aluminum 
naturally and so effectively protects that 
metal without any apparent change in 
appearance. A similar type of film 
forms on steels of stainless variety. The 
more widely used ferrous metals do not 
have this inherent property, and pro- 
tective measures must originate outside 
the metal. Effective passivation is pro- 
vided primarily by the inclusion of 
inhibitive pigments such as red lead, 
zinc chromate, basic lead chromate, and 
others. When incorporated into paints, 
these pigments inhibit the process of 
corrosion by essentially functioning as 
oxidizing agents or by providing ^ a 
mildly alkaline environment at the metal- 
paint film interface. One of the many 
illustrations that could be used to show 
arrested and active/ corrosion as de- 
scribed is the ferroxyl jelly test previ- 
ously discussed. A clean iron nail 
placed in the jelly ' shows blue areas 


where the ; ferrous ion from the nail 
has reacted with the ferricyanide of the 

reagent. 

Also the hydroxyl ion liberated from 
the water in areas has turned the phenoF 
phthalein indicator from colorless to 
red. If now to a simfiar cell a few drops 
of any soluble chromate or dichromate 
such as the sodium or potassium salts 
is added in addition, no blue of ferrous 
ion or pink of hydroxyl appears. The 
solution potential of the metal to displace 
hydrogen is inhibited, and the nail will 
remain clean and bright for months. 

In formulating a paint which has in- 
hibitive properties, more is involved 
than merely including an active passivat- 
ing agent. First, the reagent must go 
into solution in concentrations sufficient 


MOISTURE- 
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Fig. 8. 


for effective protection. Second, the 
rate of such solubility must be adequate 
to insure protection as soon as moisture 
reaches the metal. Third, the rate of 
solution and effective concentration re- 
quired must be slow enough to insure 
reasonably long-term protection to the 
base metal. 

Assuming, for purpose of further 
discussion, that inhibitive pigments 
meeting the three mentioned require- 
ments have been obtained, we may 
mention some problems associated with 
vehicle. 

If we combine a vehicle of very high 
moisture impermeability with some in- 
hibitive pigments, we may be defeating 
our own purpose. Referring to' Fig. 8, 
let us consider the pigment to be held in 
a very impermeable vehicle. Moisture 
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diffusing through the. film must diffuse 
through the vehicle envelope about each 
pigment particle in order to dissolve the 
inhibitive ions of the pigment. The 
solution now carrying the inhibitive ions 
must re-diffuse away from the particle 
down to the metal interface if the ions 
are to become effective. It can be 
demonstrated that in some combinations 
of vehicle and pigment, moisture will 
diffuse down to the metal and cause 
corrosion before the necessary concentra- 
tion level of inhibitive ions is reached by 
the solution. Thus an impermeable 
vehicle may make the reactive pigment 
inoperative for some time. 

This explanation holds particularly for 
thin primer coats. Thick coats and 
multiple coats create some changes in the 
picture as the rate of moisture diffusion 
is retarded, but the possibility still exists 
of not making immediate and full use of 
the inhibitive ions as moisture passes 
down through the film to the metal. 

A vehicle may be relatively permeable 
initially, yet the rate of pigment solution 
may be such as to permit a higher than 
necessary concentration of inhibitive 
ion with resultant early loss of effective 
film life. 

An important factor connected with 
inhibitive pigments which warrants con- 
sideration is the chemical and physio- 
chemical nature of environmental solu- 
tions to which an inhibitive paint is 
exposed. It is well known that paints 
that are entirely satisfactory for one 
environment may fail when used on the 
same type of base metal and structure in 
another environment. Some inhibitive 
pigments, because of their chemical 
reactivity, perform best in neutral or 
alkaline atmospheres, and are not 
suitable for use in industrial atmospheres 
because of the acid nature developed in 
solutions exposed to these conditions. 
A reagent capable of producing passivity 
in one , envixonment does not always 


produce effective passivity in another 
environment. This failure is related to 
certain anodic or cathodic reactions 
sensitive to contact solution charac- 
teristics. For example, the pH of the 
solution may be such as to favor a reac- 
tion resulting in formation of compounds 
or precipitates other than those effective 
in preventing corrosion. ‘ 

The effects of a change in contact 
solution or environment are reflected in 
initial and subsequent chemical reactiv- 
ity and also in the rate of solubility of the 
pigment. Furthermore, the physical 
properties of the vehicle itself may alter 
with changes of exposure. 

The major advantages of inhibitive 
type paint films may be considered as 
(a) their effectiveness in preventing 
corrosion even though minute breaks in 
the film are present that permit their 
effective use on structures which in 
practice are difi&cult to paint over with a 
completely pore-free film and (b) their 
effectiveness in paint films which are not 
completely impermeable to moisture. 
For maximum effectiveness, the exposure 
environment should be considered before 
formulating the paint. 

A third and somewhat limited group 
of pigments offer electrochemical protec- 
tion to the base metal but do not alter 
the surface of that metal. They do not 
necessarily attempt to keep moisture 
away from the base metal Metallic 
pigments are electropositive to iron and 
fall in this group. Their action is simil ar 
to that afforded to steel which is covered 
by some metallic coatings. The zinc 
(on galvanized sheets) is sacrificial to 
the steel in that it dissolves or corrodes 
in preference to the ferrous metal, thus 
making the steel a cathode. Formula- 
tions based upon use of such pigments 
have effective life only so long as the 
protective pigment can go into solution . 
After solution of the metallic pigment is 
completed or halted, the remaining film 
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offers oDly mechanical protection. Fail- particles does not become covered with 
ure of such pigments rarely occurs an insoluble reaction product which 
simultaneously over the entire surface, would prevent continued solution of the 
It generally occurs first at isolated areas, sacrificing metal. 

and then the area of failure gradually Chemical pre treatment methods for 
extends until the whole surface ulti- inducing passivity to metal surfaces 
mately fails. The environment in which before the application of organic coating 
this type of pigments is used must be are discussed in the section on ^^Surface 
such that the surface of the metallic Preparation.’’ 

Sure ACE Preparation 


The importance of surface preparation 
in extending the life of protective coat- 
ings cannot be overemphasized. In 
general, the useful life of any paint finish 
depends not only upon proper formula- 
tion of the protective paint but also upon 
the adherence of the film to the surface 
to which it is applied. Prolonged ad- 
herence depends largely upon the 
preparation of the surface before paint- 
ing. 

The importance of surface preparation 
of structural steel and its effect on the 
life of paint coatings in retarding 
corrosion has been stressed by Rassweiler, 
Diehhnan (16), and others. They have 
pointed out that improving coatings by 
increasing the film strength, the im- 
permeability to water and gases, the 
resistance to water disintegration, and 
the chemical resistance have not in 
themselves solved the problem. 

The cause of failure of many protective 
coatings can usually be found in the lack 
of care which has been exercised in 
insuring a clean surface for painting. In 
the past it has been realized to some 
extent that oils, grease, and dirt generally 
would have a deleterious effect on paint 
adherence. It now is generally ac- 
knowledged that mill scale and rust can 
be equally detrimental to any satis- 
factory painting performance. , 

The aggregate of methods and mater- 
ials for surface preparation of metals that 
have been exploited and described in the 


literature for the past ten years is quite 
impressive. However most of them 
are applicable only to small articles and 
are entirely impractical for the usual 
structural steel cleaning programs. 
Most methods of surface preparation 
can be placed in the following categories: 

A. Removal of Foreign Matter 

1. Mechanical 

(a) Wire brushing 
lb) Chipping ^ 

(^) Sandblasting (dry and wet) 

(d) Shot blasting 

(e) Flame cleaning 

2. Chemical 

(a) Alkali washes 
(5) Solvent degreasing 

(c) Pickling 

(d) Weathering 

B. Chemical Pretreatments 

1. Phosphatizing 

{a) Dilute phosphoric acid 
(5) Special commercial modifica- 
tions, which convert the 
surface of the metal to a 
corrosion-inhibiting phosphate 
coating 

{c) Combinations with other in- 
organic acids 

2. Chromatizing 

3. Other chemical treatments 
From a practical point of view, the 

whole question of steel surface prepara- 
tion appears to fall logically into two 
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main divisions; structural steel and 
pressed or sheet steel 

Structural Steel 

Among the procedures of surface 
preparation for structural steel, weather- 
ing, followed by scraping and wire 
brushing, is widely practiced; sand- 
blasting and pickling are used to a less 
extent. Their relative merit is un- 
fortunately inversely proportional to 
their use in the field. Unless removal 
is complete, the practice of weathering 
to remove mill scale and other foreign 
matter is the least desirable of all the 
methods. Many tests have shown that 
partial removal of mill scale by weather- 
ing and wire brushing gives a very poor 
surface for painting. This is due in 
part to the hygroscopic nature of the 
residual rust and to the fact that this 
rust prevents intimate bonding of the 
paint vehicle to the base metal. Reason- 
ably intact mill scale that has not rusted 
is a better surface for paint than scale 
which has been weathered. This fact 
has been appreciated to a great extent 
by the steel fabricators who have 
recently taken a more favorable attitude 
toward supplying steel that has received 
a shop paint coat before shipment and 
exposure. The other two methods of 
preparation, wet or dry sandblasting 
and pickling, give a completely clean 
surface and insure good adherence. 
While these methods are more costly 
initially, the increase in paint perform- 
ance will in the long run result in a 
saving. Surfaces prepared by these 
methods should be painted almost im- 
mediately since rusting will quickly occur 
after complete cleaning. Flame clean- 
ing, a more recent innovation, has found 
some acceptance. 

Chemical trea tmen ts of many varieties 
have been developed for cleaning steel 
surfaces. In most instances these treat- 
ments are not applicable to large steel 


shapes, but it is reasonable to expect that 
a practical chemical process will be 
developed for large pieces since the 
effectiveness of chemical treatment has 
been demonstrated on smaller steel 
shapes. 

The American Society for Testing 
Materials, The American Institute of 
Steel Construction, and The Iron and 
Steel Institute of England have con- 
ducted extensive investigations in the 
field of surface preparation and corrosion. 

The need for surface preparation was 
emphasized by the last named in “Pro- 
tective Painting of Structural Steel, 
a brochure based mainly on the experi- 
mental work of their Corrosion Com- 
mittee’s Subcommittee on Protective 
Coatings (42). The conclusions they 
advanced are supported by the results 
of workers in this country, and it is 
fair to state that the principles enun- 
ciated have gained general acceptance. 
Their conclusion and practical recom- 
mendations for painting are quoted 
below: 

Conclusion‘s 

“1. Maximum durability is achieved by 
painting over a surface that has been com- 
pletely freed from mill scale and rust. 

“2. It is detrimental to allow a surface to 
rust again between the removal of the mill 
scale and rust and the application of the 
paint. 

“3. Painting over a complete film of mill 
scale may give good durability in some cases. 

“4. The life of paint applied to a surface 
from which mill scale and rust have been 
incompletely removed is materially re- 
duced.” 


“1. Obtain a good surface free from mill 
scale and rust. This is best done by 
pickling, sandblasting or shot-blasting. 

“2. Paint the surface immediately after it 
has been prepared. 

“3. Use a corrosion-inhibiting priming 
paint, such as red lead. Follow this with 


Practical Recommendaiionsss 



Fig. 9.— Paint Failure Due to Lifting of Mill Scale from Steel Surface. 

Painting scheme; Two coats of red lead; two coats of red oxide. Surface condition: intact mill scale. Exposure: Con- 
gella, South Africa; 5.8 years. ^ Hudson, D.Sc., Corrosion Commiiiee, The Iron and Steel Inst, England. 



Fig. 10.~-"Improved. Paint Film Due to Removal of Mill Scale. 


Paint scheme: Same as Fig. 9.Jurface 
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good weather-resisting finishing coats, such 
as oxide-of-iron or white-lead paints. 

‘^4. Apply all paints under good condi- 
tions. 

the painting of new iron and steel 
structures is carried out with due considera- 
tion to the principles outlined above, the 
saving in maintenance will more than repay 


wirebrushed and sandblasted— before 
the application of the priming coat. 
Figure 11 sho-ws the corrosion condition 
after tw^o years of exposure. 

Pressed Steel , 

Sheet steel which has been pressed 
into shapes such as automobile bodies 



Fig. 11 .' — Shopcoat on Bridge, Two Years^ Exposure Showing Steel Cleaned by Two Methods. 

Left—Wirebrushed steel body rusted. 

Right — Sandblasted steel in good condition. 


the costs of surface preparation before 
pamting.^' 

Figure 9 illustrates the failure of paint 
from the lifting of mill scale, whereas 
Fig. 10 shows an improved paint film 
due to the effect of removing mill scale 
by pickling from steel before painting. 
Both panels received two priming coats 
of red lead and two finish coats of red 
oxide. They were exposed at Congella, 
South Africa, for 5.8 yr. 

It is interesting to note the rate of 
corrosion of the steel of a bridge, as 
affected by two methods of preparation — 


and refrigerator shells must receive the 
same careful attention as structur|l steel. 

Thorough preparation of the metal 
by removing rust, loose scale, oil, grease, 
and dirt is essential before the application 
of any protective paint. The treatments 
recommended usually have as their main 
objective the formation of a stable and 
less reactive coating combined with the 
base metal, a coating which not only 
retards corrosion but also provides 
greater adhesion of applied paint films. 
Any method of preparation which 
changes the surface characteristics of 
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the metal is likely to have a positive 
effect OD the adhesion and durability of 
a protective coating. 

Darsey (15) classifies and describes 
some of the most widely used methods 
of metal preparation for sheet steel as 
follows: 


sion of applied paint coatings but do not 
provide for inhibiting corrosion of the metal. 

Group III—Methods which pre-clean the 
metal and convert its surface to a corrosion- 
inhibiting phosphate coating. Instead of 
increasing and activating the metal surface 
by etching or roughening to promote paint 



Fig. 12. — ’Effect of Surface Preparation of Paint Failure on x\utomobile Fenders. 


Paint scheme: Two coats of black enamel. . 

Surface preparation: Left— solvent cleaned. Right— phosphate coated prior to application of paint. 

E.xposure: Si.K years in Detroit. Courtesy of Farker Rust-Proaf Co., Detroit, Mick. 


Group I— Methods which clean without 
imparting any substantial change in the 
surface characteristics of the metal. The 
maximum results obtainable from their use 
are clean metallic surfaces. They do not 
provide for inhibiting corrosion or increasing 
the adhesion of applied paint coatings. 

Group II — Methods which clean and 
chemically or mechanically change the sur- 
face characteristics of the metal. Repre- 
sentative are the use of acid pickling to re- 
move rust and scale, and phosphoric acid 
cleaning solution (proprietary solution) to 
remove grease and oil and etch the metal 
surface. These etching and mechanical 
surface roughening methods increase adhe- 


adhesion, these methods convert metal sur- 
faces to a more stable and less reactive con- 
dition for the application of paint coatings. 

The corrosivity of a metal is known to 
affect the protective life of applied 
paint coatings. Cold-rolled steel and 
zinc-coated panels which have been 
pretreated for painting by three different 
methods— solven t cleanin g ( t rich! oro- 
ethylene), phosphoric acid containing 
an organic solvent, and phosphate coat- 
ing — exhibit different corrosion rates on 
outdoor exposure, humidity and salt- 
spray test. 

A paint of given composition and 
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thickness applied to steel automobile cleaned steel than over phosphate-coated 
fenders is shown (Fig. 12) to exhibit a steel. 

marked difference in protection against In Fig. 13 are shown results on a 



Fig. 13. — ^Effect of Surface Preparation of Paint Failure on Galvanized Panel. 

Painting sdieme: Same on both panels. 

Surface preparation: Left— solvent cleaned. Right — phosphate coated. 

Exposure condition: Six and a half years in Detroit. 

Courtesy of Parker Rust-Proof Co., Detroiif Misk, 


corrosion after 6| yr. outdoor exposure, 
depending upon the method of surface 
preparation. One of the fenders was 
solvent cleaned and the other phosphate 
coated, both received the same dip 
primer and finish coat of black synthetic 
enamel. A diagonal scratch was made 
in the paint finish prior to exposure to 
determine the amount of corrosion 
creepage under the paint film from an 
abraded area. The results show that 
the same paint coatings afford much less 
protection when applied over solvent- 


TABLE IV.— PAINT RETENTION AS EFFECTED 
BY METHOD OF SURFACE PREPARATION. 

Primer — U, S. Army Specification 3-171. 

Dipping Viscosity — 24 sec. No. 4 Ford Cup at 80 F. 
Dipped — Withdrawal rate 5 in, per min. at constant 
speed. 

Weight of primer obtained by weights before and after 
painting. 



Primer, 
oz. per 
sq. ft. 

Increase, 
per cent 

Steel solvent cleaned 

Steel phosphate coated“ 

0.139 

0.177 

27.3 

Steel phospha''"^ coated^ . 

0.200 

43.9 

Steel phosphate coated*^ ....... 

0.242 

74.0 


® Phosphate coated by brush and roUer application. 
^ Phosphate coated by spray application. 
^Phosphate coated by immersion application. 
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galvaBized panel, organic solvent 
cleaned, and a similar panel phosphate 
coated, each finished with the same 
composition paint and exposed outdoors 
for 6|- yr. Loss in adhesion of the paint 
is extensive on the solvent-cleaned panel. 

The retention of paint on metal 


surfaces is an important factor where its 
application is by dipping or flow coating 
and the articles contain sharp edges. 
That phosphate coating of cold-rolled 
steel improves its paint retention charac- 
teristics when dipped and withdrawn 
at a uniform rate is shown in Table IV. 


Engineering Aspects of Coatings 


The latest Webster’s dictionary defines 
^^engineering” as: “the arts and sciences 
by which the properties of matter and 
the source of power in nature are made 
useful to man in structures, machines 
and manufactured products.” In view 
of the fact that they are an integral 
component as a material of construction 
and have specific functional properties 
in all engineering fields, protective 
organic coatings are definitely engineer- 
ing materials. 

It is true that almost up to a decade 
ago the engineer and the busy executive 
looked upon paints as a vague mixture 
of pigments and oils that gave him con- 
siderable trouble and annoyance and 
that offered at best only moderate 
protection. Dr. Speller, one of our 
outstanding engineers, as late as 1935 
stressed the engineer’s need for more 
information and a better understanding 
of the paints required to protect and 
perpetuate the metal structures which 
he designs and builds. In his book 
Corrosion ( 47 ) he states: “Too often the 
architect and the engineer are content 
to follow tradition in specifying materials 
and have been more or less indifferent 
towards the serviceable life rendered by 
the structures they design.” However, 
during the past , decade a great change 
has developed in the engineer’s attitude 
toward paint. 

During the past twenty or more years, 
a tremendous amount of fundamental 
technical and engineering data has been 
developed on the structural, physical, 
chemical, and functional properties of 


protective coatings for all engineering 
fields. These data are published in the 
various important technical publications. 

It is impossible to discuss in one 
lecture or paper in detail all the engineer- 
ing fields that use protective coatings. 
Therefore, only a few fields are pre- 
sented, some of which are discussed in 
more detail than others. 

Electrical Insulation 

The discovery of electricity and its 
application to human comfort and the 
necessities of life is one of the outstanding 
contributions of man. The average 
person in the home or in the factory does 
not appreciate the tremendous amount 
of research and engineering responsible 
for electrical development because its 
application is performed merely by 
pressing a button or pushing in a switch. 

In the application of electricity or 
electric power, the protective coating 
industry has played a very important 
part in the past and will play a very 
important part in the future in the 
design and development of improved 
electrical applications. Without electri- 
cal insulation it is impossible to utilize 
electricity efficiently. 

The generation of electricity at the 
power plant, its transportation through 
insulated wires to substations, its regula- 
tion through transformers, its flow to the 
industrial plant and the home, its 
transformation to light, heat, sound, and 
power through electrical appliances are 
obtained by the use of carefully designed 
electrical insulation of numerous types 
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prepared from a wide variety of oiganic 
and inorganic raw materials formulated 
to meet mechanical, physical, chemical, 
and electrical requirements. As the 
research in electrical design brings to us 
discoveries and uses of electricity, 
engineering designs of improved insula- 
tion and new compounds with improved 
characteristics have to be developed 
to utilize those discoveries. Without 
improved insulation design, new electri- 
cal discoveries are not practical. 

Among the important insulation 
products protected with or prepared 


in a variety of counts and thicknesses. 
It is finished in a special manner by 
highly specialized finishes for electrical 
insulation purposes. This coated prod- 
uct is called varnished cambric (Fig. 
14) and varnished cambric cable tape. 
The cable tape is used for power cables 
and specific types of small cables. 
The coatings are prepared from carefully 
designed varnishes to give low power 
factors, high insulation resistance, high 
dielectric strength, high tensile strength, 
high tearing strength, resistance to hot 
petrolatum and hot transformer oil, 



FigJ 14, — Varnished Cambric Used as Insulating Barrier Between Core and Low Voltage Winding 

of a Power Transformer. 


Courtesy of National Varnish Products Corp. 


from varnish and plastic coating com- 
positions are the following: 

Varnished Papers and Fabrics: 

These materials, comprising ’what is 
commonly called flexible insulation, are 
used in practically every type of electri- 
cal apparatus in the form of tape, sheets, 
or punchings. The base materials com- 
monly used are cotton cloth, silk, nylon, 
rayon, cellulose acetate, drills and ducks, 
kraft and rope condenser papers, saturat- 
ing and super-calandered kraft papers, 
rag stock condenser papers, bond papers, 
vulcanized fiber, asbestos paper, and 
glass cloth. 

Cotton cloth is furnished in two 
constructions, bias and straight-cut, and 


and finished to slide into place during 
cable wrapping. The physical, 
mechanical, chemical, and electrical 
properties are obtained from specific 
formulation of one or more varnishes 
applied in such a manner as to preserve 
the mechanical properties of the base 
cloth and finished for proper fabrication 
so as not to injure the electrical proper- 
ties. Storage after production and 
packaging and storage before application 
are carefully designed for conservation 
of the original properties. Varnished 
cambric is prepared in yellow and black 
color. The preference is dependent upon 
the designer, but usually the yellow 
product is used where toughness and 
extreme oil resistance are desired. The 
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black fabric is used in applications where 
high dielectric strength, high insulation 
resistance, and low power factor under 
adverse conditions are desired. The 
straight-cut cambric is used under normal 
applications whereas the bias«eut material 
is used over irre^lar surfaces and for 
cable splicing. For cable splicing the 
electrical properties must be preserved. 
In order to do this, freshly coated 
material is treated under oil and kept 


some larger units over irregular surfaces 
where space is a factor and bias cloth 
is too thick. The resiliency of coated 
silk enables it to withstand this abuse. 

Coated drills and ducks are used for 
phase and slot insulation and in heavy- 
duty equipment, such as mining equip- 
ment and large electromagnets, where 
mechanical properties are desired. 

Coated kraft, rope, and rag condenser 
papers, and thin bond papers are used 



Fig. 15. Varnished Silk Used in High Tension Coils. 

Courtesy of Katioml Varnish Products Corp 


completely immersed in oil until applica- 
tion. 

Coated silk (Fig. 15), nylon, rayon 
and cellulose acetate are used where 
high dielectric strength is desired and 
space is of prime importance. Low acid 
value and pH values between 5 and 7 
are desired in these coated fabrics to 
prevent corrosion of line conductors. 
These products are used as insulation in 
magnetos, small motors, small coils, 
small transformers, generators, and small 
electrical assemblies. Silk is used in 


in the manufacture of coils, magnetos, 
condensers, and as punchings in layers 
in assembled electrical appliances. 
Coated saturates and super-calandered 
kraft papers are used in condensers, 
outside of coils, and as punching lami- 
nates in auxiliary apparatus. Coated 
vulcanized fiber is used as an armature 
slot insulation in formed resistors and in 
punchings in laminations in a good many 
electrical appliances. Uncoated vulcan- 
ized fiber and heavy tough slot papers 
are duplexed to varnished cambric and 
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used as motor slot insulation. The 
papers give strong mechanical properties 
whereas the varnished cambrics possess 
good electrical properties. 

Coated glass cloth is used in motor 
slot insulation, coils, transformers, in 
electrical equipment which operates at 
elevated temperatures, and as punchings 
for laminated assemblies. 

The foregoing products are coated with 
varnishes prepared from vegetable oils, 
all types of resins, asphalts, blown 
petroleum pitches, waxes, heavy oils, 
greases, metallic driers, and many other 
varnish raw materials. Originally the 
coatings used were made primarily from 
linseed oil. Later, improvements were 
made with the addition of other oils 
such as tung (China wood), oil, 
dehydrated castor oil, soybean oil, 
cashew nut shell liquid. The oil lengths 
are exceptionally long for yellows and 
short to medium for the black cambrics. 
The varnishes predominate in tung 
(China wood) oil. Semi-diying oils and 
greases are used to obtain desirable 
softer physical properties. Nonheat- 
reactive 100 per cent phenolic resins 
have been used to decrease the oil length 
to produce improved heat-resistant 
varnishes. The major defects of varnish 
coatings in electrical insulation have 
been the continued degradation of the 
films under service strains which changes 
the electrical characteristics by producing 
an increase in power factor and a decrease 
in insulation resistance. These changes 
take place under adverse conditions such 
as operation under high humidities, high 
heat caused by overload, or location of 
cables in heated areas. Newer types of 
organosilicone resins show great promise 
towards high- temperature resistant in- 
sulating varnishes. The modern trend in 
coating development is stabilization 
under high humidities and high heat. 
Similar research is being conducted on 
the purification and stabilization of the 


uncoated base. ' ■ Power losses by in- 
stability are considerable and , can be 
decreased to a great extent by further 
research. 

■ The development of organosilicone- 
coated glass cloth has opened a field in 
electric design of smsfller-size equipment 
for equal power output. An illustration 
is the production of a 10-hp. motor 
occupying the space of that of a conven- 
tional 3-hp. motor. Aside from 
a space factor, organosilicone-insulated 
motors can be operated at higher 
temperatures and will take overloads 
without serious damage. The use of 
tafiSon tapes is also an advancement 
in a stability product. The industry 
needs engineering design and efficiency 
to produce these organosilicone resins, 
glass cloth, and tafflon resins at a cost 
to be utilized economically in volume 
electrical insulation products. 

Insulated Magnet Wire: 

Magnet wire is prepared copper wire 
ranging in sizes from 0.0031 to 0.1285 
in. (American Wire Gages Nos, 40 to 
8), insulated with varnish enamels, 
covered or not covered with silk, acetate, 
nylon, cotton, or glass braid. It is used 
in the manufacture of an extensive 
variety of coils, transformers, relays, 
small motors, chokes for power supply 
in conjunction with rectifiers, some types 
of telephone cables, and in many cases 
where magnetism is required. Magnet 
wire is manufactured in circular, square 
and rectangular designs. The latter 
two types are used when it is desired to 
put a larger number of wires within a 
smaller space. The properties desired 
in insulating coatings are hardness, 
toughness, flexibility, continuity of film, 
stretch, moisture resistance, solvent re- 
sistance, high dielectric strength, oil 
resistance, heat endurance so as to pro- 
duce a thin film without pinholes, resist- 
ance to insulating varnish solvents, 
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enough toughness to withstand high- 
speed winding in gang coils, flexible 
enough to withstand stretch during 
tight winding and to withstand expansion 
and contraction caused by heating and 
cooling in the coil during operation, and 
high enough in dielectric strength to 
prevent a short circuit during the passing 


Insulating Varnishes: 

Widely used materials such as cotton, 
paper, wood, and asbestos are excellent 
insulators when dry, but they absorb 
moisture and gases and in time would 
become conductors if not protected by a 
coating of insulating varnishes. These 



Fig, 16 .— -Motor Generator Sprayed with Air-Drying Varnish. 

Courtesy of Irvington Varnish and Insulator Cj 


of the electric current. Wire enamels 
are prepared from vegetable oils and 
natural resin combinations, vegetable 
oils and phenolic resin combinations, 
adipic acid alkyd resin blended with 
alcohol-substituted urea-formaldehyde 
resins, polyvinyl formals, and polyvinyl 
formal blends with both alkyds and 
phenolics. 


varnishes are applied to practically all 
types of electrical windings and 
assembUes to prevent electrical deteriora- 
tion caused by moisture, conductive 
particles, dirt, heat, vapors, acids, oils, 
and they act as a binding medium form- 
ing a solid unit and becoming a part of 
the apparatus. These varnishes are 
prepared as baking, air-drying, and for 
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finishing products, in both yellow and 
black color. The baking material is 
preferred to the air-drying because of its 
greater durability and flexibility and is 
less subject to atmospheric change. The 
black baking varnish finds wider applica- 
tion because of its higher dielectric 
strength both wet and dry, greater 
flexibility, and greater moisture resist- 
ance. The clear baking varnishes are 


normal chemical and physical changes. 
Air-drying varnishes are used where 
baking facilities are not obtainable and 
low-cost operation is necessary. See 
Figs. 16 and 17. 

Finishing varnishes are alcohol-soluble 
compositions of extreme oil resistance, 
which are used alone or over other 
insulation varnishes where windings are 
to be washed frequently with gasoline 


Fig. 17.— Coil in Motor SUtor Receiving a Coat of Black Air-Brying Varnish. 

Courtesy of Irvington Varnish and Insulator Co. 


preferred in many cases because of their 
greater oil-proof ness, mechanical strength, 
and clear color for detection of defects. 
The air-drying varnishes, soluble in 
petroleum hydrocarbon, are prepared 
in two types: one drying by evaporation 
of solvent alone and generally not re- 
sistant to transformer and lubricating 
oils; the other drying by the evaporation 
of solvent plus oxidation and other 


and where lubricating oil and trans- 
former oil are encountered. 

Primary among the problems for 
consideration in the use of organic 
insulating coatings are moisture and 
water resistance. The figures in the fol- 
lowing table compare the percentage 
of water absorption of uncoated insula- 
tion and the same insulating material 
coated with an organic resinous film. 
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The test was conducted by immersion 
for 18 hr. at 70 F. 


PERCENTAGE OF WATER ABSORPTION OF 
COATED VERSUS UNCOATED 
INSULATING MATERIALS. 


Material 

Uncoated 

Coated 
mils each 
side 

Rayon 

SO 

5.0 

Cotton 

30 ! 

5.0 

Fiber glass. • 

IS i 

1.0 



It can be seen from the above that 
coated products are far superior. 

Considering the effect of moisture on 
the dielectric strength, we again find 
the coated products to be superior. 

^ The following table shows the dielectric 
strength after 18 hr. of immersion in 
water at 70 F.: 


dielectric STRENGTH OF COATED VERSUS 
UNCOATED MATERIALS AFTER 
WATER IMMERSION. 


Fabric 

Volts per mil on 
Coated Product 
tfmils each side 

Volts per mil 
on Uncoated 
Product 

Rayon 

750 

Approx. 50 

Cotton 

450 

Appro.x. 50 

Fiber glass 

380 

Approx. 50 

Nylon.. 

900 

Approx. 50 


Note,— The approximate figures are due to difficulty 
in readings because of evaporation during testing. 


In exposure to high humidity, it is 
shown that organic coatings give im- 
proved properties over uncoated insula- 
tion. The following table shows the 
dielectric strength at 75 F. after exposure 
to relative humidity of 96 per cent for 
96 hr.: 


DIELECTRIC STRENGTH OF COATED VERSUS 
UNCOATED MATERIALS AFTER EX- 
POSURE TO HIGH HUMIDITY. 


Fabric 

Volts per mil on 
Coated Product 
If mils each side 

Volts per mil 
on Uncoated 
Product 

Rayon 

350 

Approx, so 
Approx, so 

Cotton. 

510 

Fiber glass 

310 

Approx, so 
Approx. 50 

Nylon 

270 



Here it is obvious why coatings are 
used under humid conditions. The rea- 
son for the apparent error in giving higher 
dielectric strength to cotton than to fiber 
glass is due in this case to a greater 


penetration of the coating into the fibers 
of the cotton whereas the glass left a 
greater quantity of voids. All the above 
figures are merely comparative with one 
type of coating and do not represent the 
best coating for these purposes. 

The effect of moisture on power factor 
on coated and uncoated fabrics is shown 
in the table below. Coated samples 
were exposed 24 hr. at 65 per cent relative 
humidity. Uncoated samples were 
exposed 1 hr. at 65 per cent relative 
humidity. Power factor measurements 
on samples were made at 212 F.; samples 
in the column marked “before’’ were 
previously conditioned at 230 F. Fig- 
ures are for before and after exposure 

POWER FACTOR OF COATED VERSUS UNCOATED 

MATERIALS AFTER EXPOSURE TO 65 PER 
CENT RELATIVE HUMIDITY. 


Fabric 

Power Factor on 
Coated Fabric, 
per cent 

1 Power Factor on 
' Uncoated Fabric, 

1 per cent 

i 

Before 

After 

Before 

After 

Rayon 

5 to 8 

.30 

Approx. 5 

Over 50 

Cotton 

5 to 8 i 

15 

Approx. 2 

Over 50 

Fiber glass.... 

3 to 5 

10 to 15 

Approx. 2 

Over SO 

Nylon 

3 to 5 

IS to 20 

Approx. 2 

Over 50 


Here again we find that under humid 
conditions the uncoated fabrics are in- 
ferior and give such high power factors 
and power losses as to make operations 
uneconomical, especially when alternat- 
ing current is used. The effect of di- 
electric loss due to high power factor on 
current-carrying capacity of a cable is of 
small consequence when the voltage is 
low, of the order of 600 v. or less; but 
when the voltage is of the order of 13,000 
V., then the loss factor becomes of great 
importance. High power factor will 
induce heating within the insulation with 
a corresponding increase in line loss and 
a decrease in the current-carrying capac- 
ity of the cable. 

End-use requirements of insulating 
varnishes are resistance to transformer 
and lubricating oils, heat endurance, 
flexibility, bonding strength, adhesion, 



532 


Edgar Marburg Lecture 


acid resistance, penetration, uniform 
evaporation rate, moisture resistance, 
compact film build-up, good beat con- 
ductivity, low susceptibility to tempera- 
ture change, abrasion resistance, low 
solvent retention, homogeneous compact 
film on drying, no deleterious effect on 
enameled wire toughness, stability in 
temperature changes, ozone resistance, 
high dielectric strength (diy and after 
subjection to high humidities), high 
insulation resistance dry and under 
adverse conditions, low power factor and 


wound armatures and stators, small 
rigid and semi-rigid coils, small high- 
speed fans, dental motors, small air-cooled 
transformers, on apparatus where bond- 
ing strength is necessary, and for applica- 
tions where acid resistance is required. 
Long oil baking varnishes are used on 
form wound coils (Fig. 18) of all types, 
oil-cooled transformers, coils and as- 
sembly units, railway industrial arma- 
tures and stator coils, railway mining and 
heavy-duty apparatus, and apparatus 
that is subjected to severe and sustained 



Fig. 18. — Transformer Coils Being Lowered into a Vacuum Impregnating Tank for Treatment with 

Baking Insulating Varnish. 


Courtesy of Irvington Varnish and Insulator Co. 


arc resistance, stability of liquid varnish 
on aging and after repeated thinnings. 
No one type of varnish meets all these 
requirements so that it is necessary to 
make a considerable number of varnishes. 

The conventional types of insulating 
varnishes are made from drying oils, 
resins, asphalts, pitches, metallic driers, 
and solvents selected to meet require- 
ments based upon the properties of each 
of the individual constituents. 

Short and medium oil length baking 
insulating varnishes are used on arma- 
tures and field coils before assembly, on 


vibration. Short oil air drying varnishes 
are used on conduit boxes, switches, 
signal boxes, storage battery trays, 
motor frames, castings, and metallic 
surfaces. 

The more recent trend in improved 
insulating baking varnishes, particularly 
for deep impregnations, has been what is 
termed “deep dry’^ varnishes. These 
varnishes are designed to cure mostly 
by polymerization and condensation to a 
solid which is completely dry throughout 
the entire mass. Varnishes of this type 
are prepared from cashew nut shell oil 
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condensation products, Fosterite (West- purpose of rectifying compass deviations 

inghouse patented compounds), heat- by the ships’ degassing equipment, 

reactive 100 per cent phenolic resin and The effect of moisture on the electrical 
blown oil combinations, synthetically properties of varnished and unvarnished 

prepared catalytic oils with and without coil windings is shown in the following 

heat-reactive resins, and high molecular test. Each coil had two windings to 

weight elastomers. These combinations enable measurement of insulation re- 

are prepared with and without solvents, sistance and dielectric breakdown 

The most recent development in in- between windings. The coatings were 

sulating varnishes has been the organo- made with an interior drying baking 

silicones, which are used in all glass- varnish (S) and the coils were pre- 
insulated apparatus. From the heated 1 hr. at 270 F., dipped in varnish 

properties of the organosilicone resins, for one hour, and baked 4 hr. at 270 F. 



Fig. 19. — Compass Coil — ^Navy K2. 

Fiberglas insulation on all coils which are then coated with varnish. 

All leads insulated with varnished rayon tubing. 

Terminal box 

Varnished Fiberglas insulation. 

Terminals insulated with extruded vinyl chloride. 

Block made of laminated phenolic— linen and canvas bases used. 

Cable lines coated with extruded vinyl chloride; colors used according to code for identification. 

Coating of paint on metal. 

Courtesy of National Varnish Products Corp, 


electrical apparatus thus treated can 
operate at higher temperatures, permit 
overloads without damage, and allow a 
considerable saving in space in newly 
designed equipment. By reducing motor 
failures caused by excessive moisture 
plus heat from overloading, organo- 
silicone insulation can cut maintenance 
cost to a minimum. 

It is interesting to note in Fig. 19 the 
different methods of insulations em- 
ployed in the compass coil — Navy K2. 
The coils were used on all ships for the 


The second coat was dipped one minute, 
then baked an additional 4 hr. at 270 F. 
The results of this test are given in 
Table V. 

We see that in this case unvarnished 
coils would be useless in the presence of 
water even though the copper wire had a 
glass or cotton covering. 

Sleeving and Tubing: 

The insulation product known as 
sleeving or tubing is a hollow tube rang- 
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ing in sizes from 0,024 to 2.0 in. in inside 
diameter and supplied in standard elec- 
trical code colors. It is manufactured 
as an extruded tube or a coated braid. 
The braid may be cotton, rayon, nylon, 
silk, or glass-coated with nitroceUulose, 
ethylcellulose, cellulose acetate, organo- 
silicone, cellulose acetobutyrate, oleo- 
resinous varnishes, or chlorinated rubber 
and supplied in standard products of 
saturated sleeving with no dielectric re- 
quirement, sleeving of 1500 to 2500 v., 
and tubing of 4000 to 7000 v. The 
braid offers mechanical strength, and the 
coating supplies the physical, chemical, 
and electrical characteristics. The ex- 
truded tubing may be prepared from 


roundness. Uncoated cotton, rayon 
glass, and asbestos sleeving are also used 
by slipping over wire leads and the entire 
unit dipped in insulating varnishes, thus 
obtaining the electrical properties from 
the impregnating operation. Tubings 
and sleevings are formulated to have 
high dielectric strength, high insulation 
resistance, heat endurance, flexibility, 
nonfraying, resistance to hot com- 
pounds, oil-proofness, resistance to acids, 
alkalies, waxes, alcohol, oxidation, mois- 
ture, abrasion, shock, and fungus, per- 
manence of color at high temperature, 
low-temperature flexibility, and low 
power factor at high frequencies. 

Tubings and sleevings are used as in- 


TABLE V.— EFFECT OF MOISTURE ON ELECTRICAL PROPERTIES OF VARNISHED AND UNVARNISHED 

COIL WINDINGS. 


Coil 

Type of 
Insulation 

Varnish Treatment 
of Coil 

Insulation 
Resistance 
Between 
Windings 
at 75 F. 

Dielectric 

Between 

Winding, 

V. 

Insulation 
Resistance 
After 
soaking in 
Water i hr., 
megohms 

Dielectric 
After ^ 
Soaking in 
Water 20 
min., V. 

No.l 1 

f 

None 

Infinity 

900 



No. 2 

No. 3 

Glass-covered wire ■! 

None 

Two Coats ( 6 ) 

Infinity 

Infinity 

i280 

0 

6 

No. 4 J 

1 

Two Coats ( 6 ) 

Infinity 


L7' 

1200 

No. 5 1 

f 

None 

Infinity 

820 



No. 6 

No. 7 i 

Cotton-covered wire | 

None 

Two Coats (6 ) 

Infinity 

Infinity 

idOO 

6“* 

”'6 

No. 8 J 

i' 

Two Coats (6) 

Infinity 


ho" 

1100 


rubber, synthetic rubber, neoprene, cel- 
lulose acetate, styrol, methacrylates, 
acetobutyrate, polyethylene, and vinyl 
compositions, all designed to meet physi- 
cal, mechanical, chemical, and electrical 
characteristics of exacting specifications. 
The vinyl copolymers and polyvinyl 
chloride formulations have found wide 
application and are supplied from a rigid 
tube to an exceptionally flexible com- 
position wfithstanding temperatures as 
low as —60 to — 70 F. Transformer 
leads are specific types of tubing pre- 
pared for exceptionally high dielectiic 
strength and are prepared from several 
wraps of varnished cambric covered with 
a cotton or rayon braid and saturated 
with insulating varnish to hold the 


sulation on lead wires for all types of 
electrical apparatus, connecting com- 
ponent parts on switchboards, assem- 
blies using short sections of wires, in the 
base of radio tubes, for meters, automo- 
bile harness, airplane harness, water- 
tight and moisture- tight swatch boxes, 
over wire assemblies, blown over con- 
duit, motor and transformer terminal 
leads, connections in radio receivers and 
transmitters, electronic and magnetic 
control devices, and over solderless 
terminal lugs and splice connectors. 

Wires and Cables: 

Cables may be divided into three 
main groups: 
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- 1. Those for generating stations and 
substations where varnished cam- 
bric cables are usually used. 

2. Those for transmission and dis- 
tribution feeders where oil-impreg- 
nated paper cables are usually used. 

3. Those for secondary systems where 
natural rubber and synthetic cables 
are used. 

J. Varnished Cambric Cables, — ^\"ar- 
nished cambric cables are used in instal- 
lations from 1 to 28 kv. They are sub- 
divided in three main classes: 

(a) Single conductor used on instal- 
lations from 1 to 28 kv. 

{b) Multi-conductor nonbelted used 
on installations from 1 to 28 kv. 

(c) Multi-conductor belted used on 
installations, from ! to 17 kv. 

Single-conductor cables are the most 
prevalent, in that they are practical in 
making installations. The cables are 
prepared with and without a lead sheath 
and both shielded, and nonshielded. 
Lead-covered cables are used where ex- 
treme moisture is present. The cables 
are shielded when installed for operation 
above 8 kv. Varnished cambric cables 
are more moisture resistant than oil- 
impregnated paper cables and, therefore, 
can be used in many places without a 
lead sheath such as control wires, street 
lighting wires, and where space is a fac- 
tor, in that joints can be made without 
the use of balky potheads. Varnished 
cambric cables are also used on vertical 
risers such as tall buildings as there is no 
danger of oil migration to harm the in- 
sulation. Varnished cambric cables not 
lead-covered are supplied with a cotton 
braid asphalt impregnated, asbestos 
braiding impregnated with flame-retard- 
ing compounds, vinyl resin jacketed, 
rub ber jacketed, and neoprene jacketed, 
each designed for a specific purpose or 
to meet exacting specifications. Aside 
from the layer cables, there are numerous 
small wire installations, especially in the 


fire-retardant groupings such as 600-v. 
applications of switchboard wire, con- 
trol wire, power cables, boiler room wire, 
shipboard wire, and resistance wires 
which are composed of asbestos fillers, 
varnish cambric, and asbestos braids 
impregnated with flame-retardant com- 
pounds such as chlorinated paraffin and 
produced in the NEMA code colors (38). 

11. Oil-Impregnated Paper Cables . — 
Best electrical insulation is afforded 
when the cables are protected from water 
or its vapor. This protection is ob- 
tained by the use of a lead sheath ex- 
truded over the paper cable. These oil- 
impregnated paper cables are subdivided 
into four types: 

A. There are solid paper cables which 
are further subdivided into single 
conductor cables, both shielded 
and nonshielded, used in installa- 
tions from 1 to 69 kv.; multi-con- 
ductor belted cables used in instal- 
lations from 1 to 15 kv.; and 
multi-conductor shielded cables 
used in installations from 9 to 46 
kv. These cables are spliced to- 
gether with varnished cambric 
bias tapes and the splices are further 
protected by running through 
metal boxes called potheads, which 
are filled with compounds to insure 
protection around the joint. For 
cables of low voltage, medium- 
voltage single-conductor and three- 
conductor cables, air-blown conduc- 
tor cables, where ease of removal is 
necessary, refined petroleum jelly 
is used. For higher voltages used 
under pressure at the joint, insu- 
lating petroleum oil is used in the 
pothead provided with a suitable 
reservoir. Several special pot- 
head compounds and joint com- 
pounds are also used. They are 
combinations of blown asphalts 
and synthetic resins, combinatiops 
of synthesized oils and resins, and 
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combinations of hardwood pitch 
and synthetic resins. 

B, Oil-Filled Impregnated Paper 
Cables: The basic principle of 
these oil-filled cables is that all 
space within an insulated cable is 
kept completely filled with gas- 
free and moisture-free oil, and 
means are provided for free move- 
ment of the oil under heating and 
cooling cycles. The maintenance 
of treated oil within all parts of 
the cable at all times prevents any 
ionization in voids and, therefore, 
prevents electrical failure. 

These cables are subdivided into 
single-conductor cables for opera- 
tion between 15 and 230 kv. and 
three-conductor shielded cables for 
operation between 15 and 80 kv. 
These cables are the most expen- 
sive system of cable installation. 
The single-conductor cables are 
constructed with a hollow core or 
with a fluted lead sheath for free 
oil movement. The three-conduc- 
tor cables are provided with chan- 
nels in the three interstices for oil 
movement. 

C. Gas-Filled Paper-Impregnated Ca- 
bles: Gas-filled cable is a cable 
wherein a positive pressure is main- 
tained with a dry inert gas, nor- 
mally nitrogen. These cables are 
divided further into three classifi- 
cations: (a) low-pressure cables 
used for installations between 9 
and 40 kv. and operating under 
15-lb. pressure; (5) medium-pres- 
sure cables used for installations 
between 45 and 60 kv. and operating 
under 45-lb. pressure; and {c) high- 
pressure cable used for installations 
between 69 and 138 kv. and oper- 
ating under 200-lb. pressure. Var- 
nished cambric bias tapes are used 
for the cable splices and for the 


higher voltages low-power factor 
oil immersed. 

D. High-Pressure Pipe Oil Impreg- 
nated Cables: These cables, as the 
■ name implies, are installed in a 
steel pipe somewhat larger than 
the cables and subjected to 200-lb. 
pressure by the surrounding me- 
dium. These cables are normaUy 
single-conductor, and the pressure 
medium may be either oil or inert 
gas. High-pressure pipe systems 
with internal pressure require cor- 
rosion protection to avoid leaks. 
Where soil conditions are corro- 
sive, particular attention has to 
be paid to complete coverage of the 
pipe with a protective coating. 
The use of electronic heating of the 
new types of phenolic coatings for 
pipe protection was used very suc- 
cessfully during the war and will aid 
greatly in these corrosive problems. 

III. Natural Rubber and Synthetics . — 
Rubber-insulated wires and cables sup- 
plemented by organic protective coatings 
are considered the backbone of the insu- 
lation industry. Both natural and syn- 
thetic rubbers are compounded to meet 
the performance of the electrical codes. 
The most widely used rubber compounds 
are those containing 30 per cent rubber. 
They are suitable for building wires and 
other insulations up to 2000 v. protec- 
tion. The highest grade of rubber in- 
sulation is known as ozone-resistant 
rubber, which can be used on installa- 
tions of 2000 to 27,000 v. capacity. The 
rubber compositions containing rubber, 
carbon black, zinc oxide, fillers, vulcaniz- 
ing chemicals, antioxidants, etc., are 
compounded on rubber mills and applied 
to the wire by both extrusion process 
and from calandered rubber tapes. The 
rubber tapes are applied to wires by 
specialized apparatus and vulcanized 
with and without a jacket. The jacket, 
which may be highly polished tin foil or 
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lead, is stripped from the wire after vul- 
canization. After application of the 
rubber to the wire it is vulcanized, either 
immediately following the application 
of the rubber compounds to the wire or 
by a second operation, depending upon 
the compound and the size of the wire 
insulated. In addition to these proc- 
esses of application, rubber is also coated 
on wire by rubber latex solutions, run- 
ning the wire through these latex 
solutions and heat curing between dips. 
These rubber-insulated wires may be 
used with or without a covering. The 
common coverings are cotton, rayon and 
asbestos braids, thiokol, vinyl, and neo- 
prene jackets. The braided coverings 
are protected by compound impregna- 
tion and various lacquer coatings. The 
impregnating compounds are asphaltic 
combinations, asphalt wax combinations, 
wax resin compositions, flameproofing 
compounds, and chlorinated naphthalene 
compounds. The lacquer coatings are 
prepared from nitrocellulose, cellulose 
acetate, cellulose acetate butyrate, cellu- 
lose acetate propionate, ethylcellulose, 
chlorinated rubber, and vinyl com- 
pounds. The plasticizers may or may 
not contain flame-resistant ingredients 
such as tributyl phosphate, triphenyl 
phosphate, chlorinated diphenyls, and 
chlorinated paraffins. These coatings 
protect the rubber from oil and oxida- 
tions. All these braid saturants or coat- 
ings are supplied in the NEMA code 
standards. 

Synthetic insulated wire coatings are 
of both the thermosetting and thermo- 
plastic types. Among the compounds 
used are buna S, buna N, neoprene, 
nylon thiokol, polyvinyl compounds, and 
polyethylene. The polyvinyl com- 
pounds are the most widely used. Their 
main application is for low-frequency 
operation in low-voltage power and com- 
munication cables where circuit voltages 
do not exceed 600 v. alternating cur- 


rent. The standard vinyl compounds 
are not recommended for continuous 
operation above 140 F. but there are 
special compounds which have been 
developed to withstand 185 F, continu- 
ous operation. The physical properties 
of the vinyls compare favorably with the 
best rubbers. Polyethylene insulated 
wire is used for high-frequency applica- 
tion. It has a high degree of toughness 
and stability, not being affected by sun- 
light or ozone. It also has very low 
moisture absorption. 

Thiokol, nylon, and neoprene have 
found extensive use as jacket material 
for insulated wires because of good 
flexibility, toughness, resistance to abra- 
sion, and acid-, alkali-, salt-, and mois- 
ture-resistance. 

The importance of protective organic 
coatings in electrical insulation has 
placed their position high in the rank of 
engineering materials. 

Fire-Retardant Paints 

There are few things so terrible as 
fire at sea. Ships, which have fuel tanks 
girdling their hulls, can be turned into 
floating infernos in an instant. The 
danger of fire is especially great on naval 
ships during action. Enemy shells and 
bombs ripping through their decks cause 
explosions which spread destructive fires 
in short time, sometimes propagated by 
heavy paint films. 

Paint films are highly inflammable 
and evolve carbon monoxide and other 
gases when heated in sufficient quantity 
to be a poison or an explosive hazard 
under certain conditions. The hazard 
of thick films of paint resulting from 
forty or fifty coats on interiors of ships 
was clearly demonstrated during the 
war . A tremendous amount of heat was 
generated in a compartment in which an 
explosion occurred. The adjacent bulk- 
heads and decks became heated, and 
sometimes when the painted metal was 
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raised over 1600 F., a fire occurred, 
generally starting at a blister in which 
combustible gases were heated to the 
flash point. In place of the heat being 
dissipated over a large area, the burning 
paint melted and, sliding to the deck, 
concentrated the generated heat and 
sometimes transmitted it to another 
compartment. 

As a result of this hazard, all ships 
started scraping down the interior 
painted bulkheads and decks to the bare 
metal in the summer of 1942 . The dingy 
appearance of the interior when not 
painted is hard to imagine; however, the 
effect on lighting and personnel is ob- 
vious. It was an arduous task to scrape 
the paint to bare metal, especially on 
new ships delivered to the fleet because 
it was a thin tough coating which would 
not crack off like twenty or thirty coats 
of completely oxidized film. 

The Bureau of Ships authorized work 
on a fire-retardant interior paint at the 
Philadelphia Navy Yard to formulate a 
product with the following attributes: 

(a) Applied over a primed steel bulk- 
head and exposed to 1900 F. on 
the reverse side, the paint film 
should not catch fire. 

(b) Should not emit toxic fumes when 
subjected to flame. 

(c) No toxic gases when applied by 
spraying. 

(d) Hide zinc chromate primer in one 
thin coat. 

(e) Mildew resistant and rodent re- 
pelling. 

(f) Not brittle enough to be a hazard 
when shattered off the bulkhead 
by concussion . 

(g) Not rust exciting. 

As the problem developed it became 
evident that coordinated research work 
would be needed and various phases of 
the problem were carried on at the Mare 
Island, Norfolk, and Puget Sound Navy 
Yards, with supplementary phases 


handled by the National Defense Re- 
search Council, the National Public 
Health Service, a number of commercial 
laboratories, and three of the local clubs 
of the Federation of Paint and Y^arnish 
Production Clubs. The Norfolk andMare 
Island Yards made production batches 
to determine the manufacturing and ap- 
plication properties of some of the formu- 
las, and service tests of the finished 
products were conducted at the Nava! 
Fire-Fighting Schools at Norfolk and 
Boston. As a result of this interrelated 
research work, Fire Retardant Inside 
Semi-Gloss White Paint No. 27 was de- 
veloped which depended upon the fol- 
lowing attributes for its fire retardation: 

(a) A very thin layer of paint of less 
than one mil is applied since it has 
high hiding power. 

(b) The organic binder has been re- 
duced to a minimum. 

{c) As the dried film is heated to the 
flash point, a pigment therein de- 
composes which perforates the film 
and thus prevents the accumula- 
tion of combustible gases in the 
blisters formed. 

The fire fighting in adjacent compart- 
ments painted with this paint is facili- 
tated because the heat radiated is less 
than that radiated from a bare bulkhead. 
This paint has exhibited excellent serv- 
ice since the specification was issued on 
November 7, 1942. 

Food and Chemical Containers, 
Metal 

One of the most important contribu- 
tions made by protective coatings to- 
ward making our everyday lives safer 
and more healthful is the protection of 
food cans, kits, and drums in which many 
of our daily foods are shipped and stored. 

Everyone has noticed, upon opening a 
can of fruit or vegetables, the golden 
yellow sanitary lining that has been ap- 
plied to the interior of the can. This 




dustry contributes to the daily health 
of many millions of people. Larger 
packages, such as S-gaL kits containing 
beverage syrups and S5-gal. drums for 
shipping and storing salad oils, vegetable 
shortenings, lard, oleic acid, etc., are 
all protected by sanitary linings. 

Sometimes it is just as important to 
keep the containers from being attacked 
by the contents as it is to keep the con- 
tents from being contaminated by the 
container. Linings are available that 


based on synthetic resins, usually of the 
phenolic or vinyl type. In food cans, 
the tinplate is given a coating in the 
flat sheet with a roller coating machine, 
and the film is baked for 20 to 25 min. at 
temperatures around 375 to 425 F. 
The coatings may be colored or trans- 
parent. 

As with other applications for indus- 
rial finishes, there is a specific sanitary 
lining that does the best kind of job 
for any given combination of conditions, 
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golden lining is a product of the paint 
industry. It is odorless, tasteless, and 
nontoxic and is applied to the interior of 
the can for your protection against con- 
tamination of the food by the metal 
body of the container. Many canned 
foods contain ingredients that are acidic 
in nature which, upon long storage, 
would react with the tin. Alkaline vege- 
tables and meats which liberate sulfur 
during processing would turn black in 
unlined containers. Thus the paint in- 

I 
1 
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Courtesy of Finishes Division of Interchemical Corp» 


will resist petroleum solvents and 
greases, sulfonated oils, esters, aromatic 
hydrocarbons, alcohols, lacquer thinners, 
plasticizers, terpene products, alkaline 
soaps and powders, water softeners, ace- 
tic anhydride, formaldehyde, glycerin, 
ferric chloride, and many other corrosive 
chemicals. The linings make it possible 
to use low-priced steel containers where 
otherwise glass, with its attendant box- 
ing and crating, would be required. 
These protective sanitary linings are 


Fig. 20. 


— Canning Industry: Metal Coated Inside and out With Phenolic, Alkyd or Vinyl Resins, 
and Formed after Finishing. 
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and the experienced metal decorator 
knows which of these coatings to select 
to achieve the protection he desires. 
Figure 20 shows the various types of 
containers used in the canning industry. 
It is interesting to note the different 
degree of forming the coated sheets 
have to stand to produce the different 
types of containers. 

Thanks to the paint industry, and in 
particular to the metal decorating tech- 
nicians, you may consume your canned 
fruits and vegetables with the utmost 
confidence, knowing that because of a 
sanitary can lining they are as pure and 
wholesome as they were when they were 
put into the can. 

Color in Industry 

The use of colored coatings in indus- 
trial plants and on machines involving 
the use of color to highlight, reveal, and 
emphasize is discussed at length by 
Williams ( 54 ) and by Keshan ( 26 ). They 
disclose the gaining popularity of colored 
paints in all engineering industries. 

A good painting program has sound 
functional value. It has been shown 
that the proper use of color can reduce 
eyestrain and fatigue, assist in main- 
tenance by encouraging cleanliness, 
identify piping and other vital units, 
improve morale and safety, and actually 
increase production and accuracy. 

The full effects of color values have 
been achieved by those plants which 
apply color to their entire environment 
—walls, ceilings, floors, dollies, jigs, bins, 
machines, and all other equipment in 
the vicinity of the operator. The funda- 
mental purpose of coloring is to provide 
cheerfulness, restfulness, and good visi- 
bility. Extensive experiments have 
shown that proper working conditions 
are obtained with ceilings that reflect 
at least 75 per cent of the light rays and 
walls reflecting 50 to 60 per cent. Al- 
though white reflects most light, it is not 


necessarily wise to coat everything 
white. Research has shown that white 
walls and ceilings actually tend to re- 
duce visibility. This loss in visibility 
is caused by the flood of light from these 
surfaces which causes the pupils of the 
eye to contract when viewing the darker 
machines and work. Eye fatigue can be 
lessened by having eye-rest surfaces, 
such as the surrounding walls, coated 
with the same general tone of color as the 
worker sees when bending over his work. 

In its application to machinery, the 
first step in the use of color is the separa- 
tion of the critical from the noncritical 
parts of the machine and the highlight- 
ing of the critical. The critical parts, 
which include all moving parts and 
danger spots, are painted with colors 
designated “focal.’’ Focal colors are 
designed to focus the worker’s attention 
precisely where it should be. Buff, 
cream, and light green are widely used 
for working parts, while orange is se- 
lected for the danger spots like electric 
switches and buttons. The second step 
is the relegation of noncritical parts to 
the background. For this purpose a 
medium shade of green is recommended 
for machine bodies. Green has a sooth- 
ing effect on the eye and presents a re- 
ceding effect which makes working areas 
painted in buff or cream stand out. 
Cutting oil-resistant, washable, gloss 
or semi-gloss paint is recommended for 
this work. Surfaces painted with this 
type of coating can be wiped off easily 
with waste or cleaned with solvent clean- 
ers. Figure 21 illustrates the value of 
the application of the color scheme dis- 
cussed in the painting of the machines, 
walls, floors, and ceilings of an industrial 
plant, whereas Fig. 22 shows the lack of 
any color plan. If color plates were 
used here, the full effect of the color 
values could be illustrated more ef- 
fectively. Figure 23 shows the painted 
sterile areas for Penicillin packing. 
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A system of piping identification As a safety measure, all aisles and 
which aids in preventing time wasting traffic lanes are plainly marked. The 
and sometimes disastrous confusion in entire aisle is painted in a color contrast- 
plants has been recommended by the , ing to the body of the floor, or bound- 
American Standards Association, the ary lines are made of thick stripes of a 
National Safety Council, and The Ameri- vivid color. Mobile equipment, such as 
can Society of Mechanical Engineers, trucks, conveyors, and cranes, are 
In this practical method it is advised that painted with high visibility colors so 
piping be painted to match the surround- that workers cannot fail to notice their 
ing areas and that only couplings, unions, approach. Safety color codes are being 



Courtesy of Chas, Pfizer & Inc. 


valves, or bands be used in identifying 
colors. This saves in maintenance cost 
and eliminates gaudy effect of a large 
number of brightly colored pipes. The 
color symbols are: 

Red-~-fire-protection equipment 
Yeliow— gas or dangerous materials (adds) 
Blue — steam or water exhaust and protective 
materials (other than for fire-protection) 
Green— airlines and safe products (drinking 
water) 

Purple— extra valuable materials 


used widely to prevent accidents and to 
highlight equipment. A typical one is 
given herewith: 

Safety Color Code Chart 

Yellow — (high visibility) to mark trucking 
equipment, conveyors and aisles at hazard 
points, platform edges and pits, railings, 
protruding parts, curbings, floor level 
changes, chain hoist blocks. 

Orange— (alert) to mark parts of machines or 
equipment that might cut, crush, electro- 
cute: interior surfaces of fuse and power 
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boxes, machinery guards, pulleys, gears or 
cutting devices, electric switches. 

Green — (safety) to identify and locate first-aid 
equipment, dispensaries, medicine cabinets, 
respirators, stretchers, and surgical w^agons. 

(fire protection) to locate and indicate in- 
struments for combating fire danger:, fire 
hose, extinguishers, alarm stations, and hy- 
drants. 

(precaution) to warn against use of equip- 
ment under repair or machinery that should 
not be started: controls, valves, and com- 
pressors. i," ^ 

(black or gray) to encourage good house- 
keeping and orderliness: applied on trafific 
controls, aisle markings, storage areas, waste 
bins. 

With such a wide application as has 
been outlined, the color reformation of 
the factory is complete. 

It should also be realized that as this 
subject is developed further other color 
schemes may be considered either 
equally as useful, or more so, than that 
given in this section. 

Inerared Reelecting Paints 

Infrared rays were first observed by 
Sir William Herschel in 1880. He il- 
lustrated his discovery in an experiment, 
where he placed thermometers beyond 
the red end of a spectrum produced by 
the sun’s rays passing through a prism, 
and a rise in temperature indicated the 
presence of heat rays that were invisible 
to the human eye. 

The extensive fundamental data de- 
veloped by Ayres and Vesce ( 51 , 52 ) 
on the spectral characteristics of pig- 
ments in the infrared region of the spec- 
trum and formulation of paints with 
specific infrared reflectance were in- 
valuable in the manufacture of camou-, 
flage paints during the war. Thqse 
infrared reflectance paints towards the 
latter part of the war began to play a 
part in the cooling effect produced by 
the use of them on warships. Some of 
the Nav3^’s work should be of interest, as 
its results may also play a part in 
civilian paints. 


The Navy had developed deck paint 
which had the same reflectivity as the 
standard Navy paint in the visual part 
of the spectrum but approached the 
reflectivity of a white paint in the infra- 
red (heat range) part of the spectrum, 
for the purpose of determining if the 
berthing spaces under the weather deck 
are more comfortable when ships t are 
exposed to solar radiation. 

The amount of solar radiation ab- 
sorbed by a steel weather deck is de- 
pendent upon the color of the deck, the 
wind and spray, the temperature of the 
air and^ surrounding objects, the heat 
capacity of the deck, and its thermal re- 
sistance. The energy of solar radiation 
is approximately 40 per cent in the 
visual, 5 per cent in the ultraviolet, and 
55 per cent in the infrared (heat range) 
portion of the spectrum. The solar ra- 
diation absorbed by most objects with 
which we are familiar is not accumulated 
to the extent shown by heavy steel 
structures, such as a ship. The thin 
sheet steel of an automobil^ does not 
have enough heat capacity to prevent 
vagrant winds from appreciably reducing 
temperatures. On board ship there are 
large masses of steel present such as gun 
mounts which re-radiate heat to the 
decks. It is believed that a warship 
painted in a dark color is more suscep- 
tible to infrared radiation than most 
objects. There is little likelihood of the 
data given herein being applicable to 
other objects of less mass. 

In port in the tropics there is seldom 
high wind or spray to dissipate the heat, 
and the dark-colored deck absorbs the 
full effect of solar radiation. The deck 
absorbs a large part of both the 40 per 
cent of the radiation in the visual spec- 
trum and the 55 per cent in the infrared 
portion of the spectrum. It is not pos- 
sible to reduce the amount of solar ra- 
diation absorbed from the visible por- 
tion of the spectrum since to do this 
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would require altering the color of the 
decks; therefore/ any possible improve- 
ment must come from reflecting the 55 
per cent of the energy which is in the 
infrared portion. 

The heating effect of solar radiation 
was amply shown by many tests on the 
standard ship which showed the average 
temperature of the weather deck to be 


were constructed of 3/16-in. plate on the 
weather deck of four compartments 67 
in. square. The panels were insulated 
between stiffeners with 3 /4-in. fibrous 
glass insulation board. After confirm- 
ing that all four compartments were the 
same thermally, the surface of the panels 
exposed to the weather was painted with 
one coat of zinc chromate primer and 



Fig. 24. — Black and White Photos (Visual 


Perception Photographic) (Panchromatic film). 

Courtesy of U, S. Navy 


161 F. At the same time the ambient 
air temperature was only 96 F. After 
10:00 a.m. it was not possible for a 
person to hold a hand to the hot deck 
for more than a few seconds at a time. 

Panel Test at Pennsylvania State College: 

The following test was conducted at 
the Engineering Experiment Station of 
Pennsylvania State College. 

Panels simulating destroyer decking 


two coats of deck paint 20B. Care was 
exercised to finish ail compartments the 
same way throughout and a Pfund paint 
film thickness gage was used to insure 
applying approximately equal thick- 
nesses of paint to each panel. 

Fifteen thermocouples were attached 
to each compartment for the determina- 
tion of various surface and air tempera- 
tures. The test data indicated that at 
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12 1 30 p.m. the panels coated with infra- deck temperature and actually make the 
red reflecting paints were approximately berthing spaces under the weather deck 
20 F. cooler than the panel coated with more comfortable when the ship was ex- 
standard deck paint (20B). Since all posed to solar radiation. The test was 
the test compartments were identical conducted in two parts using two identi- 
iii construction, it was possible to com- cal LST’s: the preliminary part to es- 
pute the relative heat transfer through tablish whether or not two LST^s were 
the decks. An interpretation of the data equal thermally when painted alike and 
developed indicates that under the con- exposed to solar radiation; the final part 



Fig. 25. — Infrared Photograph, 


Courtesy of U. S. Navy 


ditions of this test the heat transmitted 
through the panel and insulation into 
the air of the compartment was reduced 
33 per cent when the infrared reflecting 
paint was used as compared to the stand- 
ard deck paint. 

Ship Service Test at Norfolk Navy Yard: 

A test was made to determine specifi- 
cally if painting an LST boat with infra- 
red reflecting paint would reduce the 


to determine the thermal difference be- 
tween one ship painted with infrared 
paint and the other with standard gray 
paint. 

For the preliminary part of the test the 
LST 312 and 391 were painted alike 
with standard gray paint on March 20 
and April 5, 1945, in accordance with 
camouflage measure 21. The ships were 
then moved to the Amphibious Training 
Base at Little Creek, Va., where tern- 
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peratiire readings were taken from 9:30 
a.m. on April 6 until 4:30 p.m. on April 
7,1945. 

For the final part of the test the LST 
312 and 391 were then repainted at 
Norfolk Navy Yard on June 16 and 19, 
1945, with one coat of zinc chromate 
primer No. 84 and one coat of camou- 
flage paint, in accordance with camou- 
flage measure 21, over the entire exterior 
surfaces of the ship. For the portion of 
the ships above the water line, standard 
paints were used on LST 312 and infra- 
red paints were used on LST 391. The 
two ships were then moved to the Am- 
phibious Training Base at Little Creek, 
Va., for the final part of the test and 
moored in the same positions where they 
were located during the preliminary part 
of the test. Pictures were taken of the 
two ships in black and white and infra- 
red as shown in Figs. 24 and 25. 

Temperature readings were taken by 
means of thermocouples at about seven 
different positions of the LST boats, 
and in the final test LST 391 (infrared 
paint) was cooler than LST 312 (stand- 
ard paint) in every position tested. The 
average difference in weather deck tem- 
peratures at 3:00 p.m. was 13 F. for 
both days of the final test. The aver- 
age difference in the air temperature of 
the compartments tested under the 
weather deck at 3:00 p.m, was 9 F, 
for both days of the final test. 

One good civilian use of infrared or 
high solar reflectivity paints was indi- 
cated by Lutz ( 31 ) with regards to de- 
creased evaporation losses in the petro- 
leum industry. He points out that 
white paints are outstanding in this 
respect. However, as an approach to 
optimum condition, he recommends that 
the body of a storage tank should be 
painted white with the sides either alu- 
minum or gray. 

Of course it should be recognized also 
that in war activity and ' even certain 


civilian use it is not always possible to 
use white, aluminum, or even gray 
paints. In those cases colored paints 
wdth the highest possible infrared re- 
flectance for the specific color should be 
used. 

Gardner (22) has also conducted tests 
to determine the rise in temperature of 
benzine contained in small tanks painted 
in various colors and subjected to the 
rays of a carbon arc for periods of 15 
min. These results show that the rise 
in temperature was highest for black 
paint, 34.2 F., whereas for white paint 
it was 2.7 F., and for aluminum paint 
0.7 F. These data are useful only in 
indicating trends. For practical uses, 
it should be stressed that solar reflec- 
tivity data should be developed under 
actual solar conditions. 

Luminescent Coatings 

Luminescence is the term generally 
applied to the emission of light not due 
to heat as contrasted to incandescence^ 
which is the term, applied to the emis- 
sion of light due to intense heat. Lu- 
minescent light, therefore, is 
light. 

Luminescent pigments are materials 
that emit light following the absorption 
of radiant energy, and the transmutation 
of such energy to a longer wavelength. 
Each quantum of photons raises an elec- 
tron to an upper energy level from which 
the electron returns to its equilibrium 
state, either immediately or over a pe- 
riod of time, with the simultaneous re- 
lease of the absorbed energy in the form 
of visible, colored light. The emitted 
light is always of longer wavelength than 
the radiant energy absorbed in the mole- 
cule. 

If the electrons return immediately to 
their equilibrium state, the luminescent 
pigment is called ‘ ^fluorescent.” A 
fluorescent pigment, therefore, emits 
light only during the time of exposure to 
an exciting light source. . 
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If, however, at least a portion of the 
electrons return to the state of equilib- 
rium only after a period, of time has 
elapsed, the luminescent pigment is said 
to be '‘phosphorescent.’’ Therefore, a 
phosphorescent pigment not only emits 
light during exposure to an exciting light, 
but continues to glow in the dark after 
the exciting light is extinguished. The 
afterglow ranges from 30 min. to 10 to 
12 hr, and more, depending upon the pig- 
ment used. 

Exciting Light Sources: 

Fluorescent pigments are excited by 
light sources that radiate very little, or 
no, visible energy if their fluorescence is 
to be fully appreciated. Many such 
lights, eciuipped with filter to exclude 
visible energy, are available"~~-argon glow 
lamps, fluorescent lamps, and high- 
pressure mercury arc lamps, available 
in a wide range of wattage sizes. 

Phosphorescent pigments, when used 
only for the afterglow property, may be 
excited to phosphorescence by sunlight 
or daylight, artificial visible light, or 
“black” light. 

Processing: 

Fluorescent materials may be divided 
into two groups, depending upon their 
chemical composition: organic and in- 
organic. 

The organic materials are chiefly syn- 
thetic dyes, dye intermediates, and 
metallic salts of dye intermediates. The 
dyes include rhodamin, eosin, and flavin, 
which fluoresce brilliantly when pre- 
pared into lacquers, printing inks, and 
paper coatings. Such dyes, however, 
have relatively poor fastness to sun- 
light or daylight. 

Somewhat more stable materials may 
be prepared by precipitating the dyes on 
suitable inorganic base materials to form 
lakes, 

A number of dye intermediates show 
fairly strong fluorescence, and, in many 


cases, the fluorescence can be further 
increased by preparing metallic salts 
from them. An outstanding example is 
the zinc salt of 8-hydroxyquinoiin which 
is considerably more stable on exposure 
to sunlight than the organic dyes. 

The commercially useful inorganic 
fluorescent pigments are limited in num- 
ber, and they are generally zinc sulfides 
or combinations of zinc and cadmium 
sulfides. Although somewhat larger in 
particle size than regular paint pigments, 
they may be ground on roller mills to 
make excellent paints. These pigments 
are also suitable for processing into 
printing inks, silk screen process paints, 
and paper and textile coatings, and for 
incorporation in all water-clear types of 
plastics. 

Fluorescent pigments are relatively 
stable but, under certain conditions of 
light and moisture, they are subject to a 
photochemical change called “light dark- 
ening.” When properly prepared in 
suitable vehicles, fluorescent paints will 
give satisfactory service in outdoor ap- 
plications. 

Phosphorescent materials are always 
inorganic pigments, there being no 
known organic materials which possess 
phosphorescent (afterglow) properties. 

Phosphorescent pigments of short- 
afterglow type are also zinc sulfides or 
zinc-cadmium sulfides which, like the 
fluorescent pigments, are relatively 
stable. They are coarser in particle 
size but are suitable for processing into 
paints as well as coatings, silk screen 
process paints, and plastics. 

Phosphorescent pigments of the long- 
afterglow' type are calcium and stron- 
tium sulfides. These pigments are quite 
coarse and should not be subjected to 
milling or grinding but should be stirred 
into the vehicle. They are best adapted 
to spray paints, silk screen process 
paints, paper coatings, and certain 
plastics. 
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Since these long-afterglow pigments fluorescent and phosphorescent paint) 
are sensitive to moisture, care in the over a white priming coat free of heavy 
selection of the proper vehicle is gener- base metals. 


Fig. 26. Display of Fluorescent Materials. 

Wall Area {leit to right) 

Panel with fluorescent papers (filled papers) printed with halftone of U. S. Capitol Building, Washington, D. C., 
and maps and charts. (Dark-toned papers are regular papers printed with fluorescent lithographic inks.) 

Two swatches of printed satin (on stand), with (left) yellow fluorescent, and (right) green phosphorescent pigments. 

Panel of baked-coated papers, (left half) different colors of fluorescent and (right) phosphorescent pigments in sev- 
eral colors. 

Navigational map, printed with regular map lithographic inks on (left half) pre-war paper (non-fluorescent), and 
(right half) the same type of map paper filled with fluorescent pigment (yellow) . 

Shades of coated papers (top to bottom) blue phosphorescent, green phosphorescent, red fluorescent, and yellow 
fluorescent. The blue phosphorescent and red fluorescent colors were affected by the yellow filter used on camera 
lens in taking these pictures. 

Under paper shades, a panel of safety papers, printed with fluorescent inks, and (center of panel) with regular inks 
on filled fluorescent paper. 

Table Area {Mt to light) 

Two painted panels (blue and yellow fluorescent). 

Behind panels, (on rack) 3 radio dials, silk-screened with fluorescent paints. 

Glass jars of fluorescent and phosphorescent pigments. 

Behind jars— -Carstairs (whiskey) seal, World Atlas, and Eagle Pencil Company eagle— all phosphorescent painted. 

Three more fluorescent silk-screen radio dials. 

Front of dials, painted panels in green and blue phosphorescent paints. 

Center of table— Piece of Willemite (zinc) ore, fluoresces green. 

Phosphorescent tape edging table. 

Phosphorescent coated paper basket under table. 

Courtesy of Neno Jersey Zinc Co. 


ally necessary and, for outdoor paint 
applications, a top coat of clear vehicle 
is recommended. 

While priming coats are not absolutely 
necessary, for best results — that is, high- 
est luminescen t intensity-— it is advis- 
able to apply luminescent paint (both 


Colors Available: 

While fluorescent pigments are avail- 
able in colors covering the spectrum from 
blue to red, the phosphorescent colors 
are limited to greens and an orange- 
yellow for the short-afterglow phospho- 
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rescent pigments, and to several blues 
and blue-greens for the long-afterglow 
types. The daylight colors generally are 
different from the luminescent colors, 
but some modification may be made with 
the use of very small amounts of suitable 
dyes or color pigments~—and this is be- 
ing done commercially. Too much 
coloring material should not be used, 


night clubs, cocktail lounges, and where- 
ever else darkness or semi-darkness 
prevails. Under such conditions, 
fluorescent displays under “black^^ light 
also are colorful, unusual, and interest- 
ing. (See Figs. 26 and 27.) 

A very interesting application for 
fluorescent pigments and “black^h light 
is offered by television, the reception of 



Fig. 27. — Black Light Version of Fig. 26. 


Courtesy of New Jersey Zinc Co, 


however, as such materials tend to 
screen out or mask the luminescent light. 

Applications: 

Fluorescent Faints . — ^Interior decora- 
tive effects, displays and advertising, 
radio dials and decoration, and automo- 
tive and aviation instrument dials and 
accessories probably cover the major 
fields where fluorescent paints will find 
most interesting applications. Glowing 
color will be introduced into theaters, 


which is most effective if viewed in 
darkness or at least semi-darkness. 
Here, radio dials and decorations, 
painted wall decorations, probably with 
fluorescent drapes and upholstery, will 
bring colorful decoration into an other- 
wise cold, dark, unattractive interior. 
And, of course, safety of movement 
within the room will be increased. 

Fluorescent aviation and automotive 
instrument dials provide ideal illumina- 
tion for more comfortable night flying 



Fig, 28. — Display of Fluorescent Materials. Courtesy of New Jersey Zinc Co. 



Wall Area (left to right) 

(Top)—“Fire Escape” sign-phosphorescent. . , . j n i 

(Below Sign)— Panel of fluorescent navigational instruments and correction charts used on all war planes. 

(2nd Below)— Panel of instrument dials an war planes, utilizing both fluorescence and phosphorescence. 

(Center) — Photo of instrument panel in Flying Fortress. Dials are fluorescent, while instruction plates ana group 

markings around dials are phosphorescent. ..... i 

(Extreme right)— Picture frame contains phosphorescent decalcomania instruction panel for planes. 

^^^^RadToV^ith^fluoresc^^^^ dials (black light 6-watt 360 BL inside of set) and phosphorescent rings around control knobs. 
Phosphorescent eagle on radio. . 

Chairs, ash trays, and telephone marked with phosphorescent tape. 

Fluorescent rug on floor. , , , , , 

Phosphorescent plastic lamp shade and pedestal. 

Phosphorescent tape on baseboard behind chairs. 




fF 


c 

C ° 







Fig. 29, — Black Light View of Fig. 28. Courtesy of New Jersey Zinc Co, 
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and driving, and for greater safety. 
The fluorescent paint or “black"’ light 
system was used on combat planes 
during the war, and it is interesting to 
know that all of TWA’s Stratoliners and 
DC-4 (Douglas Transport) planes are 
similarly equipped for peacetime travel. 

Fluorescent paints, inks, and papers 
also can be used as anti-counterfeit 
ineasureS“-~for making safety papers or as 
marking devices. 


dials; cord pulls; flashlights; house num- 
bers; stair treads and railings; safety aid 
kits, etc. (See Figs. 28 and 29.) If a 
satisfactory moisture-resistant, tough, 
flexible, abrasion-resistant vehicle is de- 
veloped, traffic line paints may be 
developed. 

Undoubtedly, luminescent plastics, 
plastic adhesive tapes, and coated papers 
will offer stiff competition to luminescent 
paints in many, if not all, applications 



Fig. 30. — Luminescent Christmas Tree. 


Courtesy of New Jersey Zinc Co, 


Phosphorescent Paints. — Phosphores- 
cent paint probably will find its greatest 
use in safety applications, for example, 
as emergency light sources, including exit 
and instructional signs, markers for con- 
trols, communications, alarm systems, 
and fire-fighting equipment. Other 
items that are more easily located in the 
dark when marked with phosphorescent 
paints include electric switch plates, 
switch boxes, and outlet plates; clock 


for these colorful, glowing materials. 

Luminescent materials can also 
brighten our Christmas, as illustrated 
by George Stutz’s Christmas Tree (see 
Fig. 30). 

Marine Paints 
Introduction: 

Marine environments, particularly in 
salt water, present exposure conditions 
which lead to severe corrosion of steel. 
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Marine fouling is an age-old problem. 
It has been estimated (1) that fouling on 
ship bottoms costs the shipping industry 
of the United States alone at least 
$100,000,000 per year. Adamson ( 1 ), 
Burns, ei al. (10) have indicated that 
fouling can result in loss of the speed of 
a ship to approximately 50 per cent 
and an increase in fuel consumption of 
at least 40 per cent. In extreme cases 
large vessels have collected several hun- 
dred tons of fouling having an average 
thickness of over 6 in. Burns (1) has 
indicated that it has been the practice 
of the British Admiralty, for design pur- 
pose, to allow for an increase of fric- 
tional resistance of J per cent per day 
out of dock in temperate waters and f 
per cent per day out of dock in tropical 
waters. 

It is no wonder, then, that the paint- 
ing of ship bottoms alone has attracted 
the serious attention of paint chemists, 
chemical engineers, and, others to pro- 
duce protective coatings w'hich would 
increase the engineering efficiency of all 
kinds of vessels. In this short section a 
general discussion of painting steel ships 
will be presented, whereas, because of 
special interest, infrared reflectance and 
hot plastic paints are presented sepa- 
rately. 

Ship Areas: 

A ship is divided roughly into three 
areas: the bottom or hull portion of the 
ship, wffiich in service is continually im- 
mersed in the salt water; the boot- 
topping area, which is the hull portion 
from the light load to the heavy load 
line or that portion of the hull which is 
alternately immersed in the sea and air; 
and the topside area, which is that above 
the heavy load line including the super- 
structure. The interior metal surfaces 
of ships represent a somewhat less severe 
condition than the exterior topside but 
are generally treated similarly to the 
latter. 


Ship Painting: 

The topside or superstructure area of 
a ship must be painted not only for pro- 
tection but also for appearance. The 
corrosive influence of sun and salt spray 
combine to give an unusually severe en- 
vironment. Only the best primers and 
topcoats applied to a clean surface will 
give adequate performance. 

The boot-topping paints must be 
formulated to provide sufficient flexi- 
bility to withstand the alternate wetting 
and drying to which these coatings are 
subjected. The primer for this type of 
surface often varies from that used on 
the topside but the main difference will 
be found in the topcoat. The vehicle 
should provide a film with good im- 
permeability and one which will retain 
flexibility under these conditions. The 
boot-topping paints must also withstand 
the various surface conditions encoun- 
tered in harbors and sea lanes such as oil 
slick, harbor gases, refuse, driftwood, ice, 
algae, and slime. 

The ship bottom paints for use on the 
completely submerged portion of the 
ship (below the light load line) present a 
third problem. Not only must protec- 
tion against corrosion be provided but 
also, as already indicated, protection 
against the detrimental effect of marine 
fouling organisms. The fouling organ- 
isms d-iffer somewhat in nature and ex- 
tent, depending upon the climate in 
which they are found. However, they 
can be classified as slimes, which are 
minute diatoms and other unicellular 
organisms; seaweed or grasses; algae; 
true animal fouling, which can be di- 
vided into those which produce hard 
shells (barnacles, tube worms, and hy- 
droids) and those which do not (sponges, 
sea squirts, and certain polyzoans). 
The hard-shell animals are the most 
troublesome since even when dead they 
leave their shell firmly attached to the 
ship and also because they bore through 
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the paint film and expose the metal to 
corrosion. Fresh water has a cleaning 
action on fouled ships since it kills the 
sea life. Ports which contain a fresh 
water inlet are known as scouring ports 
since a ship which lies to in one of these 
ports will be partially freed of fouling. 
The only practical way to minimize or 
prevent fouling is to use paints contain- 
ing copper and mercury salts which, as 
they leach out, poison the organisms 
that attempt to attach themselves to 
the ships. 

The use of mercury and copper salts in 
the antifouling coats calls for an addi- 
tional problem in the undercoats. 
Whereas the antifouling topcoats pro- 
vide protection to the corrosion-pre- 
venting undercoats, they can in them- 
selves cause corrosion if they come in 
direct contact with the steel. This is 
due to the fact that metallic copper can 
be deposited which would provide the 
basis for a galvanic couple leading to 
severe electrochemical corrosion. The 
anticorrosive primer must, therefore, 
possess a high degree of impermeability. 

, To attain this high degree of im- 
permeability an increase in film thick- 
ness is necessary, achieved by the appli- 
cation of additional coats of anticorro- 
sive paint. 

Wooden ships require the same atten- 
tion as steel vessels with respect to the 
application of properly designed pro- 
tective coatings for best engineering 
efficiency. 

Locks and Dams: 

The problem of protecting metal work 
exposed to fresh or river water on the 
great network of locks and dams inter- 
spersed throughout the Midwest and 
Pacific Coast is also difficult. Since 
maintenance operations are costly, es- 
pecially when gates must be inactivated 
in order to repair or paint, much care 
in initial application of protective coat- 


ings is mandatory. The U, S. Corps of 
Engineers has given the subject con- 
siderable study and thought, with the 
result that methods of surface prepara- 
tion and painting have been evolved 
which insure a maximum degree of pro- 
tection for metal work exposed to vary- 
ing conditions. 

The destructive forces of fresh water 
are not confined to the action of the 
water but also include the problem of 
erosion of the paint and metal by the 
salt and sand which the rivers carry. 
This combination is much more de- 
structive than either one alone. There 
is also the additional matter of acid pol- 
lution in many of the fresh water streams 
against which river boats, locks, dams, 
etc., must be shielded. The sources of 
this acid pollution are water w^aste from 
coal, steel, and other mines; waste pickle 
solution; and discharge from iron and 
steel rolhng mills, paper mills, tanneries, 
oil refineries, etc. Paints must there- 
fore be designed to combat this erosion 
by being harder and more impermeable 
than is necessary for atmospheric paints. 

In the painting of locks and dams, as 
with all other surfaces, proper prepara- 
tion of surface is considered equal in 
importance to the protective coatings 
system chosen. Whenever possible and 
practical, sand or shot blasting of the 
steel surface is recommended in order 
to remove all insecure or corrosion-ac- 
tivating bases to which a protective 
coating would be applied. Such prep- 
aration cleans the object down to bright 
metal. It is then advisable that, with- 
out delay, the bright steel be given a 
chemical rust-inhibiting wash of the 
phosphate-forming types. Such a pro- 
cedure is required for two reasons: first, 
because the deposited coating serves as 
a temporary protective barrier between 
the highly reactive metal and the sur- 
rounding atmosphere until paint can 
be applied, and second, because it has 
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been found that the life of a paint system 
may be materially increased when such a 
base is present. Blistering and rust 
creepage are minimized and adhesion of 
the priming coat is improved. 
p^The paint system may be varied de- 
pending upon the severity of the in- 
tended exposure and the type of paints 
chosen. Probably the best system speci- 
fied for this type of exposure includes 
the use of two coats of the primer paint 
followed by two coats of a finish coat 
paint, that is, a four-coat system. 

Tropicalization op Paints 

The problem of tropicalization of 
equipment became acute as the theater 
of war shifted to the South Pacific areas. 
It will remain of importance to the 
United States as long as we hold bases 
on the islands throughout the Central 
and Southern Pacific area where high 
temperature and high relative humidity 
prevail. The Philippines have always 
been faced with a similar problem. The 
problem is, therefore, an old one, but 
the need for its solution never before 
was so great as when tremendous quan- 
tities of supplies and equipment began 
to pour into the Pacific bases. Com- 
munications and electronic equipment 
were especially hard hit. The walkie- 
talkie of the Signal Corps had a life of 
only a few hours as fungus would grow 
upon the very sensitive coils and short 
circuit the sets by holding moisture in 
the mycelium of the fungus. 

Among the workers in this field there 
is considerable discussion of the neces- 
sity of the presence of a fungicide in 
an insulating varnish. Some say that 
if a tung oil-phenolic varnish of known 
high-moisture resistance is used, a fungi- 
cide is unnecessary and would even de- 
teriorate the varnish. Studies are be- 
ing made at present on the resistance of 
the coating to all types of fungi without 
fungicides present and also on the com- 


parative durability of the varnishes with 
and without fungicides. 

In many instances impregnating com- 
pounds and paints for fabrics have been 
designed to resist the action of Chae- 
tonium Globosum, an organism which 
destroys cellulose. Very little or no 
protection at all has been used against 
Aspergillus and surface-type fungi be- 
cause it is said that they can be brushed 
off with no damage to the material. 
This is possibly true in certain instances, 
but in a number of cases it has been 
found that the surface-growing fungi 
actually destroy the fungicide used to 
prevent the cellulose-destroying fungi, 
and after Aspergillus has disappeared 
Chaetonmm will follow and destroy the 
fabric. This type of failure points out 
the fallacy of testing against specific 
organisms. The only tests found to give 
comparative results with actual expo- 
sure have been those in a “tropical” 
chamber with controlled climatic con- 
ditions and the presence of many tropi- 
cal species of fungi. This was clearly 
illustrated by the recent exposure of a 
commercial white paint which the manu- 
facturer claimed was fungus-proof. The 
paint had been proofed against certain 
definite types of fungi, but when coated 
out upon wall board, wood, etc., and 
exposed in the tropical chamber, showed 
within 48 hr. a luxuriant growth of 
numerous species of fungi. 

Exposures of paints containing various 
fungicides have been made in several 
different ways. In some instances the 
paints are coated out on panels, usually 
wood, and dried under ideal conditions 
of humidity and temperature in an at- 
mosphere free of fungi spores and then 
shipped to the southern part of this 
country or the Canal Zone, which re- 
gions abound in mildew growth. This 
type of exposure is unsatisfactory for 
two apparent reasons: the paint is al- 
lowed to dry and thereby become re- 
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sistant to spore infection before exposure, 
and, the atmospheric conditions of the 
tropics do not have a chance to exert an 
influence on the paint film during the 
drying stages. 

Another type of exposure which is a 
little more satisfactory than the pre- 
vious one is the actual coating of panels 
in the tropical climates. If the coating 
of panels with paint containing fungi- 
cides can be accomplished during a sea- 
son when the fungi spores are abundant, 
the humidity high, and the climatic con- 
ditions ideaP for mildew growth, the 
tests will be held at ideal conditions. 
However, if the weather is warm, some- 
what dry, and adverse to the sporation of 
mildew, the application of the paint to 
the panels might as well have been car- 
ried out in the laboratory under almost 
ideal conditions. Tests for determining 
the efficiency of fungicides in paint 
should be carried out in a tropical 
chamber where conditions are ideal for 
the growth of mildew at all times and 
where a high temperature and high hu- 
midity prevail. The fungicides should 
preferably be incorporated into a paint 
by first dissolving the fungicide in a 
volatile solvent. Single pigment paints 
such as white lead or titanium oxide are 
better for such tests. The paints, pan- 
els, and brushes should be seasoned in 
the tropical chamber for a minimum of 
24 hr. P2ach paint should be applied 
with a new brush to prevent contamina- 
tion. This will present most rigid con- 
ditions under which the paint may be 
exposed to evaluate the fungicides. 
Such tests are being conducted by the 
Engineer Board, with the fungicides de- 
veloped during the war. These tests 
will be fundamental and will give results 
that can be used in additional tests where 
paints of mixed pigment and various 
types of oils will be used. 

Some of the fungicides which have 
been successfully incorporated in paints 


are mercurial and organic mercurial 
salts, chlorinated and nitrated phenols, 
copper, organic and inorganic salts, and 
certain organic materials such as salicyl- 
anilide. 

Miscellaneous Plant Uses 

For a titanium pigment plant, Robert- 
son ( 43 ) has pointed out the following 
important uses: 

1. In the operation of some electro- 
lytic cells, w^here chlorine is produced in 
the presence of ferrous chloride and it 
is necessary to support the cathodes in 
wooden frames, the average operating 
life of these frames without protection 
is about 3 months. When coated with 
a vinyl chloride solution paint, however, 
the life of the frame is more than 
doubled, making the difference between 
an economically impractical and an 
economically practical operation. 

2. In another instance it is necessary 
to use a wuoden basket (yellow pine) 
submerged for 15-hr. periods in a solu- 
tion containing ferrous sulfate and about 
17 per cent sulfuric acid coupled with a 
titanium radical at an average tempera- 
ture of about 150 F. Without protec- 
tion these frames have a life of only a 
few weeks, which is increased to 5 
months when they are coated with 
dimethylol urea and urea. 

3. In the protection of the exterior 
of a number of large steel tanks from 
atmospheric corrosion where sulfuric 
acid mists are present in the atmosphere, 
an anticorrosive primer, followed by 
asphalt-base coatings or chlorinated 
rubber-base paints, has been found satis- 
factory. The finish coat gives better 
service than the former. 

McMullen (35) has indicated an in- 
teresting engineering aspect of organic 
coating in the use of two Pomona pumps 
for extracting mine water from some 300 
ft. below ground. In this particular 
case the mine was closed for several 
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months. During that time the zinc 
sulfide oxidized to zinc sulfate, acidify- 
ing the mine water to a pH of 1.5. 
When the mine was open two pumps 
made of best Tobin bronze lowered to 
water level corroded in less than 30 hr. 
Holes had developed in the impellers. 

New pumps of supposedly corrosion- 
resistant bronze also corroded in less 
than 30 hr. Stainless steel at this time 
could not be secured. A high-bake 
phenol-formaldehyde base paint, pig- 
mented with a high percentage of blue 
lead, was applied to a new set of im- 
pellers, and baked at 400 F. Four coats 
were applied. At the end of a month’s 
operation, the only failure occurred at 
the extreme sharp edge of the impeller. 
This was metallized with stainless steel, 
and operations continued for several 
months satisfactorily. If the water level 
is kept low in these mines, the pH does 
rise to nearly 7, thus minimizing the 
danger of general corrosion. 

If the pump impellers had not been 
protected by means of paint, the mine 
could not have been opened. Each of 
these pumps costs approximately $2500. 

Hot Plastic Paint 
Definition and History: 

At ordinaiy temperature so-called hot 
plastic paint is a solid in which pigment 
is mechanically dispersed. It is applied 
in a molten condition without the aid of 
a solvent, and dries to a solid by cooling 
—-not requiring oxidation or polymeriza- 
tion, The pigment volume concentra- 
tion is generally around 10 per cent. 
The best-known application of hot plas- 
tic paint is in the protection of Navy 
ship bottoms. The history of hot plastic 
paint goes back to the nineteenth cen- 
tury when, in 1899, an Italian hot plastic 
paint for brushing, with trade name 
‘‘^Moravian,” was tested at the Norfolk 
Navy Yard and found to have unusual 
durability. In 1901 it was brushed on 


the U. S. S. Wagneta, and the paint 
required only retouching at the next 
dry docking 6 months later. The 
Chemical Warfare Service of the Army 
at the Edgewood Arsenal developed a 
hot plastic in 1924 which was manu- 
factured and tested at the Norfolk Navy 
Yard and found to be unsatisfactory be- 
cause of inadequate adhesion. In 1932, 
at the Mare Island Navy Yard, Mora- 
vian hot plastic was applied by brush on 
the U. S. S. Milwaukee, and some of 
this paint was still in good condition 
30 months later. In 1938, the Paint 
Laboratory at the Mare Island Navy- 
Yard announced the development of the 
first sprayable hot plastic. At the out- 
break of war in the Pacific, it was real- 
ized that some ships might be required 
to remain in extremely fouling water for 
the duration without an opportunity for 
repainting, and it would, therefore, be 
necessary for the bottom paints to pro- 
tect the hull for 18 months or more. 
Generally speaking, the water imperme- 
ability of practical bottom paints is 
proportional to the film thickness ap- 
plied; and, since no practical method, 
other than hot plastic, was known of 
applying extremely thick films, it was 
considered the best possibility. A few 
service tests indicated that hot plastic 
bottom paint would last 18 months, 
which wsis considerably longer than the 
durability of orthodox solvent paints. 
Therefore, in 1943, it was decided to 
standardize hot plastic for steel bottoms. 

Research, development, and produc- 
tion were carried on simultaneously, 
and by 1945 over a thousand formula- 
tions were under test. So-called cold 
plastic ship bottom paint is the same as 
an orthodox solvent containing paint, 
except total solids are higher, generally 
above 80 to 90 per cent by weight. The 
resultant viscosity usually runs over 100 
Krebs units, and it should be formulated 
to have a thixotropic body to eliminate 
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sagging and running when applied to a 
wet thickness of 6 mils. Because of its 
high viscosity, it is necessary to use over 
90 lb. air pressure in the tank for 
spraying, and it is sometimes necessary to 
warm the paint during the winter. 
There is a tendency for painters to thin 
cold plastic paint to around 75 Krebs 
units viscosity, with the result that it 
gives a thin film and is no more effective 
than orthodox paints. In this discus- 


to 5 per cent phosphoric acid solution, 
and by priming with an anti-corrosive 3 
or more mils thick. The hot plastic 
should be sprayed to a thickness of 
approximately 30 mils, using a double 
pass of the gun, which amounts to over 
ten times the film thickness of orthodox 
bottom paints. The solid paint is 
melted in large heating kettles and trans- 
ferred to electrically heated pressure 
kettles, which generally operate at 90 



Fig. 31. — -Paint Sagging — Should Not Sag at 145 F, 

Courtesy of U. S. Navy 


sion, the classification ^ Aplastic coatings’’ 
will be confined to those which do not 
require the use of volatile solvents, and 
since this requirement is not met by the 
so-called cold plastics, they will not be 
considered further. 

Application: 

The application of hot plastic is con- 
siderably more exacting than that of 
orthodox paints. Ships for repainting 
should be prepared by sand-blasting 
to bright steel, and by spraying with a 2 


psi. and 300 F. With this equipment, 
the hot plastic can be sprayed to any 
desired thickness by building up the 
film as each coat cools. The entire 
bottom of a destroyer can be coated 
with hot plastic by an experienced crew 
in less than two hours. 

General Requirements: 

The testing of many different types of 
hot plastic has led to the following 
genera] requirements: The viscosity of 
the paint should not be less than 1.5 and 
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higher than 2 ;8 poises at temperature of 
application— generally between 275 and 
300 F. 

If copper is the antifouling ingredient, 
the leaching rate of the matrix and that 
of the copper pigment should be bal- 
anced to permit copper to leach from the 
film at a rate of, at least, 10 mg. per 
1000 sq. cm. per day when the film is 
immersed in salt water. 


Degree of Success: 

During the early development, stories 
were told of the hot plastic flying off 
into the water at the first full power run 
after painting. Detailed docking re- 
ports on the condition of all bottoms are 
now maintained by the Bureau of Ships, 
and 18 months is not unusual for the 
durability of hot plastic, which com- 



Fig. 32. — Extension Spray Gun. 


Courtesy ofU 


The paint should not sag or creep 
when the surface upon which it is ap- 
plied is heated to 140 F. Figure 31 
shows the sagging which took place on a 
newly painted hull when a paint of 
125 F. sag point was exposed to solar 
radiation. 

The paint should show no plastic flow 
when tested on a 30-in. diameter spin- 
ning cylinder, moving at a peripheral 
speed of 30 knots in water at 85 F. 

This test is to simulate the plastic flow 
developed on an originally smooth bot- 
tom of the ship as it makes a run through 
tropical waters at over 30 knots. 


. X. Navy 

pares with 9 months for orthodox paints. 
In general, the anti-fouling properties 
outlive the corrosion resistance of hot 
plastic, and when corrosion begins it 
takes the form of small hair cracks. 
The degree of success obtained with hot 
plastic has been proportional to the 
quality of the surface preparation, which 
was well demonstrated by a test in 
which the one side of a ship was sand- 
blasted and the other loosely hand wire- 
brushed. The ship was then primed 
with anti-corrosive and quartered, and 
hot plastic was compared with the ortho- 
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dox type. After 8 moDtiis in salt water, and application. This development has 
the hot plastic, compared with the ortho- taken place in the last five years, and in 
dox type, gave decidedly inferior large measure is due to helpful sugges- 
corrosion resistance over improperly tions made by workers using the equip- 
prepared steel and decidedly superior ment. At the present time, the develop- 
corrosion resistance over the sand- ment of equipment is lagging far behind 
blasted surface. The thick impervious the formulation of the paint. An ex- 
layer of hot plastic which prevents mois- ample is the hand gun, which, when used 
ture from penetrating also inhibits the on the flats, produces a fan one end of 


•Fouling Organisms Growth of Three Paints on Hull of Ship Waterborne Eight Months 
Cold Plastic, left— Old 15RC, center— Hot Plastic, right. 


escape of moisture trapped under the which generally travels two or three 

film during painting, and this is the times as far as the other to reach the 

basic reason why it is not durable over hull. 

a poorly prepared surface. When The paint traveling in the long end of 
trapped moisture or the products of the fan cools and hits the hull in a par- 
corrosion break through a thin orthodox tially solidified condition, which will 
film, nothing more than a pinhole may result in a porous film through which 
result, but when this occurs to hot plas- water can pass. This difficulty is re- 

tic a large area may be torn from the sponsible for the rusty condition of most 

hull. flats painted with hot plastic. An ex- 

The success of hot plastic has been perimental extension gun which facili- 
dependent upon the development of ade- tates the elimination of porous spots is 
quate equipment for surface preparation shown in Fig. 32. 
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A lO-gal. siiigle-con tainer pressure 
tank is standard, and, as a result, the 
operator is inactive during the refilling 
operation. However, a double-action 
pressure kettle which permits the opera- 
tor to work without interruption is 
under development. Hot plastic has 
demonstrated protection against corro- 
sion and fouling on panels for periods of 
over 4 yr. However, on ships in action 
good protection has been attained for 18 
months, and this only on hulls which 
have been cleaned to bright metal and 


sumptions enumerated below, it is pos- 
sible to make a cost comparison based 
on keeping the bottom of a liberty ship 
in good condition over a 3-yr period. 
This amounts to $18,000 when using hot 
plastic as compared with $15,000 using 
the orthodox type. In the $18,000 es- 
timate for hot plastic it is assumed that 
the surface will be prepared by sand- 
blasting and phosphoric acid treated, 
and two coats of anticorrosive and one 
coat of hot plastic will be sprayed. Two 
days dry docking time will be needed for 



Fig. 34.— Fouling Organisms Growth of Two Paints on Hull of Ship Waterborne 17 Months. 


Old 15RC, left — Hot Plastic, right. 


Courtesy of U. S. Navy 


primed with two or more coats of anti- 
corrosive. ■ This is approximately 6 to 9 
months longer than the orthodox type 
will last.' Figure 33 shows the durability 
of three different paints, cold plastic, 
old 15 RC, and hot plastic painted- on 
the hull of a ship and waterborne 8 
months. Figure 34 shows the large 
growth of fouling organisms on the 15 
RC paint against little growth on hot 
plastic paint. 

It is difficult to compare the costs of 
hot plastic and orthodox painting be- 
cause the two methods require different 
types of application and lengths of time 
fix dry dock. However, making the as- 


the initial paint job, and no further 
painting will be required throughout the 
3-yr. period. In the estimate of $15,000 
for the orthodox paint system it is as- 
sumed that the surface will be prepared 
by mechanical wirebrushing, one day 
will be required to complete the job, 
each 9 months (more often for Pacific 
waters) during the 3-yr. period the ship 
will be given two coats of anticorrosive 
and one of antifouling. Therefore, it 
can be concluded that hot plastic is not 
economically competitive with orthodox 
bottom paint in this particular case. 

Future Research: 

Many testing methods new to the 
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paint industry have been adopted for hot 
plastic research in order to elevate the 
work from the “witches’ brew” stage to 
a scientific basis. Some of the methods 
are leaching rate of toxics and matrices, 
plastic flow resistance, electrical meas- 
urement of the initial time and area of 
corrosion, determining the type of cor- 
rosion, measurements of osmotic and 
endosmotic water pressure in films, and 
the use of randomized replicated methods 
of designing tests. 

The hot plastic bottom paint system of 
the future will probably be considerably 
different from today’s. In place of an 
anticorrosive which has a film thickness 
of one-tenth that of the hot plastic, a 
thicker anticorrosive will probably be 
used. Five or ten mils of antifouling 
paint would be adequate for fouling re- 
sistance over a 3-yr. period. However, 
experience has shown that for adequate 
corrosion resistance, it was necessary to 
use 30 mils of hot plastic paint. It is 
not logical to use a copper-containing 
paint which is conducive to galvanic cor- 
rosion for inhibiting corrosion. How- 
ever, no satisfactory thick anticorrosive 
is in use. Many hot plastic anticor- 
rosives have been tested, but none has 
given adequate adhesion when used over 
the dust and moisture generally present 
on hulls. A so-called hot solvent anti- 
corrosive paint has been developed which 
is a compromise between hot plastic and 
the ordinary solvent type paint, for it is 
melted at the time of application and 
contains enough solvent to permit the 
matrix to penetrate through dust and 
to orient itself at the steel surface. It 
has been possible to apply hot solvent 
anticorrosive paints of adequate adhe- 
sion to a thickness of 70 mils without 
sagging. It is believed that eventually 
some such compromise thick film anti- 
corrosive will be used followed by a single 
coat of antifouling paint. 

The equipment developed at great 


cost to the Navy offers a challenge to the 
paint industry. Large amounts of the 
equipment have been distributed 
throughout the ship yards. This equip- 
ment may be of considerable value in the 
application of paint generally. 

Structural Steel Painting 
Introduction: 

Bridges, gasholders, and other struc- 
tures constructed of ferrous metal re- 
quire protection from corrosion, which 
is the action of the forces of nature to 
return iron to its stable or combined 
state as found in the earth’s crust. Pro- 
tection is afforded mainly through the 
application of protective films of organic 
coatings, generally referred to as “paint.” 
These protective coatings, therefore, are 
a means of combating the environmental 
conditions responsible for corrosion. 

The various environments to which 
iron and steel are exposed in our in- 
dustrial life may be indicated as follows: 

1. Atmospheric 
{a) Urban 
{h) Rural 

(c) Marine 

(d) Industrial ' 

2. Water Immersion 
(a) Salt 

{h) Natural or fresh 
{c) Industrial 

It has been estimated that up to 2 
per cent of the world’s tonnage of iron 
must be replaced yearly due to corro- 
sion. When it is considered that the 
world’s production of iron and steel is 
well over several billion tons per year, 
it is realized that the losses resulting from 
corrosion run welF into many million 
dollars per year; in fact latest estimates 
indicate that losses run into a billion 
dollars per year. 

Metal Composition: 

The metal most used for structural 
purposes is iron or the more commonly 



562 


Edgah MARBxmG Lecture 


used form, “steel.” Extensive work has 
been done both here and abroad by the 
iron, and steel companies and their re- 
lated research organizations to develop 
steels that would be corrosion resistant. 
It has led to the development and manu- 
facture of such items as corrosion- 
resisting or so-called “stainless” steel, 
“Patino,” or copper steel, chromium 
steel, etc. These alloys are effective 
for parts exposed to specific corrosive 
environments and are generally used 
where the cost of the amount of steel 
needed is warranted. In the main, how- 
ever, the large amounts of steel used for 
structural purposes prohibits the use of 
the costly special alloyed steels. Work 
is still going on to develop a low-alloy 
steel which would compete in price with 
mild steel and would have similar work- 
ing properties. 

The more resistant low-alloy steels 
not only have longer life in the bare or 
uncoated state than structural steel, but 
when painted show better performance. 
It seems reasonable to expect that in 
such alloyed steels the characteristics 
of the surface would differ from that of 
mild steel, "and they in turn would have 
their effects on the performance of the 
protective paint coating. 

Many investigators claim that the 
priming paint coat is usually not in 
direct contact with the base metal but 
is rather in contact with an oxide layer, 
since freshly cleaned metal even if only 
momentarily in contact with an oxygen- 
containing environment quickly becomes 
covered with an oxide layer which may 
be too thin to be visible. The nature of 
the oxide layer could be expected to 
differ with different alloy steels and 
thus present a different surface con- 
dition. In most instances, structural 
steel shapes are fabricated at red heat 
which permits the subsequent formation 
of an opaque surface oxide film usually 
referred to as mill scale. This film of 


mill scale will differ in thickness, density, 
and adherence, depending upon the size 
and shape of the member as well as on 
the composition of the steel. 

Paints: 

Since corrosion is a reaction process 
between a metal and its environment, 
either by chemical or electrochemical 
means, it is reasonable to state that any 
coating which prevents these reactions 
can be said to be protective. Paint 
protects by two main mechanisms: 
namely, 

1. By offering a barrier which me- 
chanically shields the metal from 
the environment. 

2. By inhibiting the corrosive action 
of any portion of the environment 
which does permeate the film. 

Paints can be formulated which have 
a high degree of impermeability and will 
protect for a limited time by physical 
exclusion of the environment. How- 
ever, the environment eventually perme- 
ates practically all paint coatings used 
on structural steel and, therefore, the 
inclusion in the paint of inhibitive type 
pigments is necessary. It must also be 
recognized that the best paint from an 
impermeability standpoint is usually 
not always the best when wetting, ad- 
hesion, and other requirements are con- 
sidered. 

Paints for the protection of metals are 
designed under two general groups, the 
primer and the topcoat. The primer or 
coat next to the metal is formulated to 
give corrosion inhibitive action as well 
as good wetting and adhesion. The top- 
coats are primarily designed to protect 
the primer, to provide decoration, and 
to withstand the destructive action of 
the environment. 

The ultimate choice of pigmentation, 
and particularly the choice of vehicle, is 
governed by the exposure conditions. 
One should reniember that the pro tec- 
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tion afforded is provided by a system 
comprising two or more coats, the com- 
positions of which usually differ. The 
importance of having each coat perform 
its intended function and remain com- 
patible with the others should be kept 
in mind. Therefore, complete knowl- 
edge of all factors concerned is necessary 
before the paint technologist can suggest 
the most durable system. 

The primer coat must protect the 
metal by inhibiting the corrosive at- 


Of recent years alkyds, phenolics, cou- 
marone-indenes, chlorinated rubber, and 
combinations of these have found accept- 
ance in the structural metal protective 
field. Of all the vehicles, linseed oil 
has the best ability to penetrate into 
crevices and residua] corrosion products^ 
thus wetting the surface of steel. The 
synthetic resins possess many special 
properties w-hich are desirable and by 
their judicious use, and with due con- 
sideration for environment and surface 



Fig. 35.— Spheroid in Tank Form Painted White to Reduce Evaporation Losses. 


Courtesy of E. 1. du Pont de Nemours & Co., Inc. 


tack, and since, in order to do this, it 
must stay in contact with the metal, it 
must possess the additional properties 
of flexibility and adhesion. The prop- 
erty of inhibitiveness is derived from 
priming pigments such as red lead, zinc 
chromate, blue lead, basic lead chromate, 
zinc dust, and others, or mixture of 
several of these pigments. The adhe- 
sion is primarily a property of the ve- 
hicle and its ability to wet or intimately 
contact the base metal. Linseed oil and 
other drying oils, alone and together 
with resins to form varnishes, are the 
usual vehicles used in priming paints. 


condition of the metal, a satisfactory 
coating composition can usually be pro- 
vided. Synthetic resins are often com- 
bined with free linseed oil to give faster 
drying than straight oil and better wet- 
ting than the straight synthetic resin 
t3rpe vehicles. Maintained flexibility of 
a degree which will allow conformity 
with expansion and contraction changes 
due to temperature effects is necessary 
to insure adhesion. Retention of ade- 
quate flexibility depends upon proper 
formulation. 

Practically all the recognized corrosion 
inhibitive type pigments, as already indi- 
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cated, are basic in nature, and partially 
react with the acidity of the vehicles 
commonly used in paint to form com- 
pounds, referred to as soaps. The 
formation of these soaps in the film im- 
parts greater impermeability to the pas- 
sage of moisture, and these soaps also 
contribute other properties essential to 
the inhibition of corrosion. 

As mentioned previously, the func- 
tions of the topcoats are primarily those 
of resistance to the action of the en- 
vironment, which in turn protects the 
primer coat, and also to provide deco- 
ration. In certain instances finish coats 
are used which have additional special 
functions such as toxicity to marine 
organisms in the case of antifouling 
paints, infrared reflectance properties 
for camouflage, or temperature control. 
High infrared reflectances are useful in 
the petroleum industry in reducing 
evaporation losses, illustrated in Fig. 35 
of a spheroid petroleum storage tank 
painted white. The formulation of top- 
coat paints depends upon the environ- 
ment to which they will be exposed. A 
wide variety of pigments and synthetic 
resins makes it possible to formulate 
paints with varying properties. 

Emironment and Related Considerations: 

Most iron and steel structures are 
subjected to atmospheric exposure, 
which generally is a less severe condition 
than total immersion in river waters, 
salt water, or environments highly con- 
taminated with chemical fumes. Be- 
cause atmospheric exposure is less severe, 
there has been a great tendency to limit 
surface preparation of the steel to simple 
scraping •followed by wirebrushing. 
This routine can lead to unsatisfactory 
results when protective paint is applied, 
for reasons which will be explained. 

Structural steel in normal times may 
lie exposed in the fabricators’ yards and 
at the erection site sometimes for as 


much as a year before receiving a pro- 
tective coat of paint. Depending upon 
the length of exposure, the mill scale 
may be 10 to 90 per cent removed and 
in its place will be rust. This rust is 
hygroscopic in nature and entraps mois- 
ture in the surface over which the paint 
is applied. It causes subsequent early 
failure of the film. 

Two procedures are most commonly 
used at present for overcoming this 
situation. The first is to sandblast or 
pickle the surface entirely clean of all 
corrosion products before applying the 
paint. This is sometimes too expensive 
or impractical on a completed structure. 
The other procedure, where surface 
preparation consists of scraping followed 
by wirebrushing, as is usually the case 
with structural steel, is to choose a 
primer containing a good inhibitive pig- 
ment and a vehicle that has a substantial 
percentage of free linseed oil. Linseed 
oil has repeatedly proved itself to be an 
excellent wetter of rusted steel, and a 
paint containing better than 50 per cent 
of free linseed oil will penetrate through 
the rust and crevices and form a good 
adhesive bond wuth the base metal. 
An alternate method is to have the steel 
receive a coat of paint in the fabricators’ 
shops immediately after being rolled and 
prior to its exposure. A base of reason- 
ably intact mill scale has generally 
shown performance second only to com- 
pletely clean steel. 

It should again be emphasized that 
the safest base over which to apply 
paint is one which has been completely 
cleaned of all surface contaminants. If 
such surface preparation is adhered to 
and if .the paints are properly formulated 
to withstand the environment, the maxi- 
mum in serviceability will be realized 
from the paint system. 

Maintenance engineers as well as de- 
signing and structural engineers have 
become more conscious of the part that 
paint plays in the maintenance of struc- 
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tures. They now view paints as really 
protective and engineering mediums. 

Textile and Fabric Coatings 

In the field of textile, and fabric coat- 
ings only a few interesting uses are given 
( 23 ). 

1 . Oleoresinotis Coating: 

A common use of oil-coated fabrics is 
for wall decoration. Various types of 
oil varnishes are applied to cloth, which 
is subsequently printed and then used 
for wall coverings. This type of cloth 


semblies and then sprayed with a cellu- 
losic lacquer, the use of a precoated 
fabric is relatively new. For this pur- 
pose the cloth is coated with the cellu- 
losic coating and, after smoothing, is 
applied to the plane. The application 
of this type of precoated fabric elimi- 
nates considerable sanding and a number 
of spray coats. Saving is considerable. 

3. Vinyls: 

The vinyls have one advantage over 
many other synthetic coatings in that 
they can readily be fireproofed. Ad- 
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wall covering, as well as being decora- 
tive, lengthens the life of the interior 
finish by preventing plaster cracks. It 
also aids in insulation. 

Another protective finish, consisting 
primarily of oil, is applied to cloth used 
as a padding material or welt between 
the body of an automobile and fenders. 
This type of application has been used 
extensively and very effectively. Act- 
ing as a cushion, it absorbs considerable 
shock and noise. 

2 !. Cellulose* 

Among the more recent uses of pro- 
tective fabric coatings is their use in 
planes. Although for some time fabric 
has been applied to various plane as- 


vantage is taken of this feature in mak- 
ing bomber insulation materials. The 
aviation industry also makes use of vinyl 
coatings on glass cloth in a heating tube 
which is used to heat engines and cabins 
in planes. (See Fig. 36.) 

Vinyl and synthetic rubbers are now 
being used as coatings for glass cloth 
which is used for construction of hangar 
doors and water tanks. 

4. Synthetic Rubier: 

Cloth coated with various synthetic 
adhesive materials is used as a backing 
for veneer to give decorative wall 
finishes. The veneer is laminated to the 
cloth, and the cloth gives sufficient 
strength for ease of handling. Synthetic 


566 


Edgar Marburg Lecture 


rubbers of all types are used in life rafts 
and flotation gear. 

Transportation Paints 
Nmal Aircraft Coatings: 

Introduction . — There is discussed in 
this section the role of organic coatings 
in naval aircraft engineering since 1939. 
The well known motto, ^^Save the Sur- 
face and You Save All/’ as applied to 
Naval aircraft, has been found to be 
strictly apropos. The advances of mod- 
ern technology in the design and con- 
struction of Naval aircraft and its com- 
ponent parts would be nullified to a 
great extent if the deleterious effects of 
the elements and the severe operating 
conditions encountered in service were 
not offset by means of organic protective 
coatings. The finest mechanism or even 
the entire flight article can be destroyed 
by the destructive forces of the environ- 
ment on vulnerable aircraft metal, fab- 
ric, and wood surfaces. The small 
margin dividing victory and defeat in 
combat may often be determined by the 
thin film of protection afforded by or- 
ganic coatings. 

Painting of exterior and interior sur- 
faces of aircraft structures and equip- 
ment provides one, two, or all three of 
the following functions : 

(a) Corrosion protection, 

(b) Aerodynamic smoothing proper- 
ties, 

(r) Color requirements. 

The Navy has found paint to be in- 
dispensable in both war and peace in 
maintaining and protecting aircraft. 
Naval aircraft operate under extremes 
of weather, alternating from the intense 
cold of high altitudes and arctic con- 
ditions to the high temperatures which 
prevail at sea level in deserts and in the 
tropics. The safety of the airplane and 
its flight personnel may be dependent 
upon the proper functioning of the paint 
to provide adequate protection against 


such conditions. Long periods of in- 
activity also result in aggravated corro- 
sive attacks. Proper functioning of 
delicate electronic equipment, vital en- 
gine parts, airfoil mechanisms, etc., may 
be disrupted by lack of protective coat- 
ings. These problems were, in the main, 
solved by means of paint. Increased 
speed and range were attained by use of 
proper surface coating and finishing. 
Problems of camouflage and identifica- 
tion were solved through the medium of 
paint. The preservation of parts, equip- 
ment, and aircraft, both in transit and in 
storage at depots, was effected by means 
of organic coatings. 

The primers, varnishes, lacquers, en- 
amels, dopes, and specialty finishes em- 
ployed by the Navy for aircraft are the 
result of the utilization of the best pos- 
sible ingredients obtainable, the opti- 
mum physical requirements being 
necessitated by the adverse operating 
conditions. The finishes must be re- 
sistant to corrosive media and abrasion, 
maintain maximum elasticity and adhe- 
sion, and provide aerodynamic smooth- 
ness. Advances in processing and im- 
provements in materials are constantly 
being incorporated into Naval Aircraft 
finishes. 

Nav}^ finishing schedules include the 
following materials: 

1. Primer, AN-TT-P-656, is a modi- 
fied alkyd, phenolic combination 
vehicle containing zinc chromate 
pigment as the anticorrosive in- 
gredient. 

2. Lacquers used are essentially alkyd- 
modified nitrocellulose and are 
represented by the glossy lacquer 
AN-L-29 and camouflage lacquer 
AN-L-2 1 . The glossy lacquer is 
softer than lacquers used in the 
automotive field, will not sand or 
polish as easily, but is more flex- 
ible. Camouflage lacquer has a 

dill lilt;} fixiu. 
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3. Enamels used are alkyd formula- 
tions and are represented by the 
glossy enamel, x\N-E-3, and camou- 
flage enamel, AN-E-7. These en- 
amels are more durable than the 
lacquer, especially on the hulls of 
flying boats, but the slower dry 
presented an operational disad- 
vantage. This disadvantage was 


5. Dopes are used to finish fabric sur- 
faces on aircraft. The principal 
dope in use is a cellulose acetate 
butyrate type, AN-D-1 (clear) and 
AN-D-2 (glossy), pigmented, and 
AN-D-3 (camouflage), pigmented. 

Corrosion Prevention . — Naval aircraft 
are constructed from a number of types 



37 — Corrosion of Magnesium Nose Section of Aircraft Engine Due to Improper Enming ot 
Faying Surfaces and Improper Insulation of Dissimilar Metal Contacts, That Is, the 
Cadmium-Plated Studs and Inserts. 

OfEr.ial Photonra'bh U. S. N avv 


largely overcome during the last 
stages of the war by improvements 
in resins which resulted in a camou- 
flage enamel that dried much more 
quickly. 

4. Varnishes are represented by the 
glyceryl phthalate spar AM-TT- 
V-116, and phenol-formaldehyde 
spar, AN-V~26. These varnishes 
are used chiefly to protect wood 
and plywood surfaces of aircraft. 


of metals and alloys, the choice depend- 
ing upon the function to be fulfilled and 
the physical properties required of the 
part. The major portion of the aircraft 
structure is fabricated from aluminum 
alloys because of strength and weight 
considerations. Sheets for wing and 
fuselage are almost exclusively fabricated 
from aluminum-covered aluminum alloy 
to increase corrosion resistance. Ar« 
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resting hooks, armor plate, bolts, fittings 
such as turnbuckles, landing gear, anti- 
friction bearings, control cables, engine 
parts, etc., are constructed of steel. 
Landing wheels, engine cases, etc., are 
made of magnesium. Steel and mag- 
nesium metals are readily corroded and 
require exceptional protection to prevent 
deterioration of the parts. In addition, 
the presence of these dissimilar metals 
in contact with each other or of steel or 
copper alloys in contact with aluminum 
causes an aggravated corrosion con- 
dition since the corrosive effect due to 
chemical action of the surrounding en- 
vironment is increased by the galvanic 
action of the dissimilar metal contact. 
Examples of corrosive conditions likely 
to be encountered in service and requir- 
ing precautionary protection measures 
are severe corrosion of interior surfaces 
of wings, etc., due to condensation of 
moisture, pitting and conusion due to 
salt spray and coral dust, galvanic corro- 
sion of aluminum alloy in contact with 
poorly plated steel fittings, and others 
too numerous to list here. 

The Navy’s Bureau of Aeronautics 
has expended considerable effort in the 
basic design of aircraft structures, alter- 
ing the types of metals employed in order 
to increase the resistance to corrosion 
from galvanic and chemical actions, 
wherever possible. However, because 
of unique special requirements, the opti- 
mum corrosion resistance could not al- 
ways be attained. Since structural 
strength could not be compromised in 
aircraft construction, corrosion resist- 
ance was, of necessity, subordinated to 
strength considerations, and conse- 
quently organic coatings were called 
upon to achieve the objective. (See 
Rg.37.) 

In the manufacture and maintenance 
of Naval aircraft, the interior and ex- 
terior of such parts as wings, fuselages, 
cowling, struts, empennage, and floats 


are treated in strict conformance with 
NavAer Specification SR-15. In ad- 
dition, the finish of propellers, power 
plants, and engines is strictly controlled. 
Such standard accessories as elec- 
tric motors, generators, instruments, 
switches, rheostats, relays, hydraulic 
valves, pumps, and similar parts must 
have a finish affording satisfactory pro- 
tection against corrosion. 

In the manufacture of airplanes, alu- 
minum and magnesium parts are given 
a chemical surface treatment in accord- 
ance with Specification NavAer SR- 
147, followed by a zinc chromate primer. 
These chemically surface treated and 
primed parts then become the building 
materials for making larger assemblies 
for fabrication of combat airplanes. 
(Certain alloys for trainers and trans- 
ports remain unpainted because fre- 
quent periodic maintenance of the ex- 
terior of these types of planes is avail- 
able. This was not the case with combat 
planes during the war.) Faying sur- 
faces, seams, butt joints, and cut edges 
of 25 aluminum, and 3S, 52S, 53S, 61S, 
17S, 24S, and 75S aluminum alloys and 
their aluminum-clad counterparts, as 
well as all contacts of dissimilar metals, 
are protected with zinc chromate primer 
or zinc chromate sealing compound. 
When water enters a joint containing 
zinc chromate primer or sealing com- 
pound, some of the zinc yellow pigment 
dissolves and an inhibiting action takes 
place which tends to suppress the cor- 
rosive effect of foreign matter such as 
water, salts, and organic acids, thus 
maintaining the integrity of the metal. 
As a result of strict adherence to Speci- 
fication SR-15, both by Naval aircraft 
manufacturers and Naval maintenance, 
problems of corrosion on Naval aircraft, 
both galvanic and chemical, were elim- 
inated in combat localities. Where 
other than minor deviations from the 
specification had been practiced, corro- 
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sion was usually found to result. (See 
Fig. 38.) 

The primary function of chemical sur- 
face treatment of metals is to improve 
the adhesion between the metal sub- 
strate and the primer. Although some 
corrosion resistance is contributed by 
chemical surface treatment, this func- 
tion is subordinate to its primary rdle 
as a bonding agent for paint. Electro- 
plated coatinp such as cadmium or 
zinc plating in themselves have been 


in improving the composition of the 
primer and methods of application. 

Because of the extreme demands on 
the primer for maximum anticorrosive 
and adhesion properties, these physical 
characteristics were developed to the 
greatest degree and the weathering char- 
acteristics considered secondary. To 
provide adequate durability and aging 
properties (besides aerodynamic smooth- 
ness, camouflage, and identification), 
topcoats are employed. One coat of 



Fig. 38. — Corrosion of Uncoated External Bomb Rack Due to Improper Insulation of Dissimilar 

Metal Contacts. 


Official Photograpk U. S. Navy 


found inadequate to prevent corrosion 
over long periods. These parts on air- 
craft must, therefore, be painted. 

AN-TT-P-656 zinc chromate primer 
is the basis of all anticorrosive organic 
finishing systems used on aircraft metal 
surfaces by Naval aircraft establish- 
ments and the Naval aircraft manufac- 
turing industry. Furthermore, it serves 
as a base for subsequent topcoats. 
Since the value of any finishing system 
is no better than the adhesion attained, 
the importance of the primer cannot be 
overemphasized. Consequently, the 
Navy has expended considerable effort 


enamel or varnish is specified by Speci- 
fication SR-15. In lieu of this coating, 
two coats of lacquer may be used. One 
coat of lacquer may be used, but because 
of the low solids content, a film too thin 
to withstand weather exposure will be 
deposited. Na\y BuAer varnishes and 
enamels possess excellent durability 
characteristics. Lacquers are used, par- 
ticularly in overhaul activities, because 
of their rapid dr}dng time with resultant 
speed and economy of operation, par- 
ticularly during overhaul, touch-up, and 
changes in color schemes. 

A corrosive condition which presented 
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difficulties was tfie rusting of interior 
surfaces of steel dropable fuel tanks. 
These tanks were originally designed for 
one mission and were to be discarded 
before the aircraft returned. However, 
the tanks were returned and reused on 
numerous occasions. With the close of 
the war, moreover, the tanks were no 
longer classified as expendable because 
of their cost. Since it was found im- 
possible to keep a full supply of gasoline 


Engines which had been received in 
operating theaters of war in good con- 
dition as a result of preservation with 
moisture barrier envelopes, preservative 
compounds, and dehydrating agents were 
frequently found to have undergone se- 
rious corrosion on the internal steel 
parts when the engines were installed in 
airplanes. Corrosion of the engine parts 
also occurred during operation of the 
planes. As a result of extensive in- 



Fig. 39. — Aircraft Engine Parts Coated with Resin. 

Official Photograph U. S. NaDy 


in the tanks at all times, and since fer- 
rous surfaces, particularly in the clean 
condition resulting from contact with 
the gasoline, tend to corrode rapidly, 
rust formation was encountered on the 
interior of the tanks. An aromatic fuel- 
resistant lining material was developed 
which is unaffected by gasoline contain- 
ing as much as 40 per cent aromatics 
and satisfactorily prevents interior sur- 
face corrosion. This material is of the 
air-drying type, NavAer Specification 
■M-769. 


vestigations a suitable material and 
application procedure covered by Speci- 
fications AN-C-148 and AN-C-158 were 
devised to combat this corrosion, to 
provide additional protection for spare 
or disassembled parts either in storage 
or during overhaul, and to reduce labor 
necessitated during the subsequent over- 
haul. (See Fig. 39.) The material is a 
100 per cent phenol-formaldehyde resin 
and is sprayed so as to obtain a final 
film thickness of approximately | mil. 
The film is baked at 300 F. to form a 
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coating resistant to gasoline, hot lubri- 
cating oils, greases, and similar com- 
pounds, and it eliminates corrosion. Ail 
the interior steel parts of scores of en- 
gines were resin coated and found to be 
in excellent condition after hundreds of 
hours of operating service. The resin 
is applied to master rods, articulating 
rods, crankshaft assemblies, springs, 
cams, cam-tracks, gears, etc. Although 
this development came to fruition in the 
later stages of the war, it is believed 
that it will find increased use during 
peace not only from the standpoint of 
minimizing maintenance of aircraft en- 
gines and saving of expensive engine 
parts from discard, but also from the 
standpoint of the preservation of the 
parts in storage, 

Because of the elevated temperatures 
existing at various locations on the air- 
plane, serious corrosive effects have re- 
sulted. Engine exhaust gases and gun 
blast gases were found to have corroded 
gun blast tubes, areas adjacent to wing 
guns, fuselage areas, exhaust collector 
rings, etc., as a result of the extreme heat 
and the corrosive chemicals present. 
The increased use of jet-propelled air- 
craft will aggravate high-temperature 
corrosion problems in the future. A 
partial solution to the problem is the use 
of AN-TT-E-501 baked enamel or alu- 
minized varnish. 

The susceptibility of magnesium to 
corrosion necessitates the use of protec- 
tive coatings. In aircraft magnesium 
landing wheels the corrosive action was 
found to have been intensified by the 
failure of cadmium plating on steel in- 
serts, resulting in dissimilar metal con- 
tacts. Moreover, owing to excessive 
use of brakes, high temperatures were 
produced which resulted in partial de- 
composition of the protective coating 
and accelerated corrosion of the magne- 
sium wheel. The finishing scheme was 
accordingly improved to eliminate these 


undesirable effects. The cadmium- 
plated inserts were laid in zinc chromate 
primer, and after this treatment, the 
entire wheel was coated with zinc chro- 
mate primer and then finished with two 
coats of aluminized lacquer. Data re- 
sulting from recently completed experi- 
ments indicate that the finishing scheme 
can be further improved by substituting 
enamel for the aluminized lacquer on 
magnesium. 

With the advent of war and shipment 
and storage of aircraft and aircraft com- 
ponents and accessories to various parts 
of the world, exposure to corrosive con- 
ditions increased enormously. The high 
humidity, entrapped moisture, bacteria, 
mold, insects, and other adverse agencies 
encountered at numerous supply depots 
played havoc with all types of equip- 
ment and materials. Organic protective 
coatings, both permanent and strippable, 
and oil type preservative compounds 
were employed as approved in AN-P- 
13, the Preservation and Packaging 
Specification, to overcome these con- 
ditions. 

Aerodynamic Smoothness . — The Navy 
employed camouflage finish on aircraft 
in the early part of the war. With the 
improvement of radar and the swing 
over of the initiative to the Allies, how- 
ever, it became increasingly evident that 
the passive defense value of camouflage 
finishes might no longer be necessary and 
the trend to glossy finish was under way. 
Glossy finishes weathered better than 
camouflage, as would be expected. In 
fact, the better appearance value of the 
glossy finish was one of the factors con- 
sidered in the later change from camou- 
flage. It was proved in service that a 
pilot had more confidence in a shiny 
than a dull airplane. A controversy ex- 
isted regarding the effect of surface 
finish upon aerodynamic efficiency, and 
the importance of this problem was em- 
phasized with the development of higher 
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and higher performance aircraft. Flight 
tests under accurately controlled flight 
and power conditions were accordingly 
conducted by the Bureau of Aeronautics 
after each individual phase of surface 
condition of a fighter airplane, emphasis 
being placed upon a sufficient number of 
flights to establish definitely the repro- 
ducibility of performance data in order 
to establish the dependability of the test 



Fig. 40.— Apparatus for Assembling Fabric 
Panels for Testing Airplane Dope. 


Courtesy of National Bureau of Standards 

results. Full advantage was taken of 
all available technical and engineering 
knowledge and devices, such as, pro- 
filometer, torque-meter, electric-eye, 
pacing aircraft, master instruments, air- 
craft scales, etc. Flight tests were made 
with six different surface finish con- 
ditions, and each phase of surface finish 
was accurately defined in terms of brake 
hoisepov^ev verstis true air speed with an 
established accuracy of dzl mile per 
hour. The six different surface finish 
conditions employed were: 

Condition 1— Representative condi- 


tion of a fighter airplane after 25 hr. 
operational service. 

Condition , 2- — Painted but not 
smoothed, no fairing of poorly fitted 
ioints of skin plates. 

Condition 3~Paint smoothed, no fair- 
ing of poorly fitted joints of skin plates. 

Condition 4~Painted but not 
smoothed, airplane thoroughly faired be- 
fore being painted* 

Condition 5^ — ^Paint smoothed, air- 
plane thoroughly faired before being 
painted. (This represents the closest 
approach to a true aerodynamically 
smooth surface.) 

Condition 6 — Bare airplane, un- 
painted. 

(a) Seam joints and screw heads con- 
tained fairing compound. 

(J) Seam joints and screws heads 
stripped of all fairing compound. 

An analysis of the test results sub- 
stantiated the following conclusions: 

1. Production paint coatings could 
be applied to aircraft in a practicable 
manner without resultant loss of speed. 

2. The direct adhesion of aircraft 
finishes to aircraft surfaces was inher- 
ently acceptable. 

3. Surface finishes could be no more 
durable than the undercoats over which 
they were applied. 

4. All available fairing putties failed 
and introduced an increment of drag 
much greater than any possible gain. 

5. The application of the best practi- 
cable smooth finish at the time of manu- 
facture, and, if it was retained in service 
by reasonable care and maintenance, it 
would enhance the maximum perform- 
ance of a 400-mph. fighter airplane to 
the extent of at least 13 mph., which is 
equivalent to 140 hp., or a proportional 
increase in range at a given speed wdth a 
given gasoline supply. The effect of 
fimsh on speed becomes more pro- 
nounced as the speed increases. 

The chance of an aiiplane coming 
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back from a mission might depend upon 
these extra miles per hour in a dogfight 
or, in case of a bomber returning home 
from a mission, the supply of gasoline 
might be just sufficient to bring the plane 
home, since smooth paint finish in- 
creases the range with a given gasoline 
supply., 

A color movie with sound, entitled 
^Tainting Naval Aircraft,” was released 
during the war, and a first-hand study 
was also made of the painting facilities, 
personnel, and local conditions at various 
Navy aircraft contractors’ and subcon- 
tractors’ plants, in order to assist in the 
engineering of aircraft paints at each 
individual locality. As a result of all 
this groundwork, a specification, Nav- 
Aer SR-156, entitled “Finishes; Aircraft, 
Application and Treatment for Produc- 
ing Aerodynamically Smooth Surfaces,” 
was issued, in which were presented the 
proper techniques for cleaning prior to 
priming, cleaning prior to application of 
topcoats, application of primer, appli- 
cation of topcoats, tack-ragging, spray- 
gun handling technique, adjustment of 
gun nozzle and pressures, proper hose 
sizes, scaffolding, use of sanding, waxing, 
and cutting equipment, and proper 
spray-room air conditions. Standard 
panels showing acceptable smoothness 
were prepared for distribution for judg- 
ing the results obtained by spray paint- 
ers. It is reasonable to state that the 
proper application of paint to an air- 
plane exterior surface will yield an 
aerodynamically smooth paint finish. 
This, of course, presupposes that clean 
aerodynamic design and careful pro- 
duction, which insures aerodynamically 
smooth contours, have been built into 
the airplane by the contractor. No 
amount of painting will cover up gross 
manufacturing deficiencies. 

Fabric Protection .’— the trend 
in modern aircraft is toward all-metal 
construction, fabric is used extensively 


on control surfaces. The advantage de- 
rived from the use of fabrics results from 
the fact that fabric is extremely light in 
weight and consequently weight dis- 
tribution can be improved. In addition, 
the material is readily removed for in- 
spection. However, fabric possesses a 
number of disadvantages which must 
be overcome before it can be used on 
aircraft, for example, poor weather re- 
sistance, high moisture permeability, 
low fungus resistance, excessive slack- 


Fig. 41. — Doped Fabric Which Has Ringwormed 
Because of Brittleness of Dope Film. 

Courtesy of National Bureau of Standards 

ness, insufficient strength, and excessive 
surface roughness. These problems 
were solved by the use of lacquer dopes. 
Airplane dopes are applied to fabric 
aircraft surfaces (see Fig. 40) to render 
them taut and impermeable to air and 
water, provide protection against 
weather and mechanical damage, main- 
tain flexibility and durability, and pro- 
vide additional strength in order to 
support the weight and air pressures 
encountered by the fabric surface during 
flight. The dope must provide sufficient 
tautness, since deficiency in this property- 
will result in a decrease in load-carrying 
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capacity and flight control of the plane. 
Smoothness is here also essential since 
the greater the speed of the plane, the 
greater the effect of surface irregularities 
on the aerodynamic efiiciency of the 
plane. 

Originally, the Navy used cellulose 
nitrate dopes and cellulose acetate dopes. 


impermeable to moisture. It maintains 
satisfactory flexibility on aging and out- 
door exposure. If lacquer dope is 
brittle, the coated fabric becomes ring- 
wormed as shown in Fig. 41. The dope 
is formulated to develop shrinkage forces 
great enough to tauten the fabric (see 
Fig. 42) but not sufficient to warp the 


Fig. 42.— -Kline-Schiefer Tautness Meter in Position for Making Measurements. 

Courtesy of National Bureau of Standards 


Cellulose nitrate was in disfavor because 
of its flammability. Cellulose acetate 
doped fabric, however, although elimi- 
nating the fire hazard, was prone to lose 
tautness when exposed to moist atmos- 
pheres. As a result of developmental 
work, a lacquer dopey AN-D-1, based on 
cellulose acetate butyrate was adopted, 
which material develops satisfactory 
tautness, is nonflammable, durable, and 


frame to which the fabric is attached. 
The formulation is such as to provide 
quick drying, have no tendency to trap 
air bubbles or foam, and to produce 
smooth surfaces and adhere adequately 
to the fabric. Exposure racks for test- 
ing of doped fabrics are shown in Fig. 43. 

Since fabric, even though well coated 
with dope, is highly susceptible to fungi- 
cidal attack, investigations were con- 
ducted to combat any resultant fabric 
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deterioration. Excellent results were 
obtained by incorporating salicylanilide 
into the first coat of dope. However, 
marked yellowing of white dope topcoats 
resulted. Further investigations led to 
the use of zinc dimethyl-dithio carba- 
mate which was more potent and 
avoided the discoloring effect of sali- 
cylanilide. Pigmented dopes are formu- 
lated by the addition of pigments to the 


that deviations therefrom would yield 
poor results. Accordingly, NavAer Spec- 
ification SR-70 was promulgated to 
outline an exact procedure to insure 
proper application. All fabrics are 
doped in air-conditioned rooms at ap- 
proximately 50 per cent relative humid- 
ity and 70 to 80 F. to prevent blushing. 
The first two coats of clear dope are 
brushed on in order to obtain thorough 



Fig. 43. — ^Exposure Racks for Testing Doped Fabrics. 


Courtesy of National Bureau of Standards 


cellulose acetate butyrate dopes for use 
as topcoats for the purpose of increasing 
the durability of the fabric finishing 
system, since exposure of the clear dope 
film to the sunlight would result in a 
greatly increased rate of film decompo- 
sition. 

A most important item in the prep- 
aration of satisfactory fabric finishing is 
the method of application. .Although 
the composition and performance of the 
dopes are rigidly prescribed, the applica- 
tion technique is of such importance 


penetration of the fabric. Sanding be- 
tween cpats is necessary. 

Two additional coats of clear dope 
and finally two coats of pigmented cellu- 
lose acetate butyrate dope, AN-D-2 
(gloss) or AN-D-3 (camouflage), are 
sprayed on. The total weight of ap- 
plied material is specified as 4.0 to 4.5 
oz. of dope film per square yard of cotton 
fabric. 

Indications are that airplane fabric 
will not be used for airplanes having 
speeds much in excess of 400 mph. 
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Wood Protection . — ’Although the use of 
wood on aircraft is limited, some trainers 
during the war employed the wood and 
fabric type of construction. An early 
attempt to use direct-on-wood paint 
finishes failed because of deterioration 
of the finish. Painted fabric-on- wood 
remained as the standard exterior wood 
finish scheme for this type of training 
plane. In this case, the surface of the 
wood is cleaned of any glue extrusions 
or smears, by sandpapering, and the 
surface is wiped with tack rags and 
then with solvent. The wood is sealed 
with three coats of thinned varnish, AN- 
TT-V-116 or AN-V-26, the first coat 
being brushed on. Two coats of clear 
nitrate dope, Specification AN-TT-D- 
514 are applied and the fabric cemented 
down. Three coats of clear nitrate dope 
are then applied on top of the fabric, 
followed by two coats of pigmented 
nitrate dope, Specification AN-TT-D- 
554, It was found that nitrate dope is 
a better cement for fabric than cellulose 
acetate butyrate dope, and, because of 
this improved adhesion, the Navy con- 
sidered it advisable to employ a com- 
plete nitrate dope scheme in this case. 
Cellulose acetate butyrate dope con- 
tinued, however, to be the standard 
Navy dope for fabric surfaces of all 
combat type aircraft. 

With the advent of the sandwich type 
of aircraft construction material, con- 
sisting of a fiberglass or aluminum layer 
cemented on each side of balsa wood, 
the complexity of the finishing procedure 
increased. The aluminum materials 
cannot be given an anodized surface 
treatment such as conventional alumi- 
num sheet would receive, since the bath 
would attack the layer of wood. A 
phosphoric acid brush -on treatment is 
employed on the outside of the alumi- 
num layers to secure paint adhesion, 
followed by application of the standard 
paint scheme. The edges of the wood 


are sealed with two coats of aluminized 
AN-V-26 varnish (16 oz. aluminum per 
gallon of varnish). In the case of fiber- 
glass sandwich material, the fiberglass 
receives an application of seam com- 
pound to fill up the voids, and the entire 
unit is coated with two coats of alumi- 
nized AN-V-26 varnish. A polyester 
resin is applied to the fiberglass and 
cured during construction of the mate- 
rial to seal it and to prevent the ingress 
of moisture. Because of the poor 
weathering properties of the polyester 
resin, additional topcoat protection is 
required. Hence the necessity for the 
aluminized varnish topcoats mentioned 
above. 

During the early stages of the 
war, the camouflage scheme chosen for 
Naval aircraft was the concealment type 
in preference to the ^Tazzle-dazzle’’ or 
deception type. Permanent coatings 
were chosen rather than the applica- 
tion of a removable type of camouflage 
on top of a basic gloss paint scheme. 
Initially, the color scheme was often 
changed in a constant endeavor to ad- 
just the color of the plane to match the 
background against which it would be 
viewed to make for maximum conceal- 
ment, with the result that new colors in 
the finishes were constantly being de- 
veloped. Later, a standard camouflage 
color scheme was selected and univers- 
ally applied to all combat Naval air- 
craft. During the final stages of the 
war, camouflage was retained only on 
flying boats and on a few other aircraft, 
while fighters and aftack planes were 
given a glossy finish. One camouflage 
scheme used during the war, the BuAer 
Anti-Submarine Warfare Color Scheme, 
which was applied to aircraft engaged 
mainly in this type of operation, is 
worthy of. mention. This scheme furn- 
ished the Navy airplane an extra minute 
of concealment before being spotted by 
an enemy, which spelled the difference 
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between losing contact and being able 
to destroy the submarine before it could 
crash-dive to safety. With the im- 
provement of radar, however, the situa- 
tion was changed. 

The new national aircraft insignia, 
with its panels on each side of the white 
circle, made it possible to distinguish 
friendly airplanes at a greater distance 
than did the old round insignia, since 
the new insignia appears like a long dash 
when viewed at a great distance. 
Enemy insignia appear like a dot when 
viewed at the same distance. 

Quality Control of Paint . — -Organic 
protective coatings are called upon to 
protect not only aircraft but with it 
the lives of highly trained and courage- 
ous personnel. In addition, the money 
value of aircraft and aircraft components 
is enormous, when compared with the 
cost of the applied paint, whose func- 
tion it is to protect these items. Conse- 
quently, the need for exercising rigid 
quality control of the paint materials 
applied by prime contractors, subcon- 
tractors, and the Naval Air Establish- 
ment has always been recognized in the 
Bureau of Aeronautics. Every batch 
of paint made by the paint manufacturer 
for use on Naval aircraft is sampled, 
tested, and passed upon in accordance 
with the applicable material specifica- 
tion. Samples which fail to pass the 
laboratory tests are rejected, or, when 
the variation is minor, use of the paint 
is authorized under very limited and 
well-controlled conditions. 

Thousands of panels of aluminum, 
steel, fabric, and wood were exposed at 
Philadelphia, Cape May, Chapman 
Field, Fla., and Tahiti Beach, Fla., to 
determine the outdoor weathering prop- 
erties of aircraft paints. No paint sup 
plier received permanent approval to 
vend his submitted materials until satis- 
factory completion of weather exposure 
tests. 


This elaborate control system yielded 
dividends in the appearance, perform- 
ance, and reduced maintenance of Naval 
aircraft. However, the weather expo- 
sure facilities of the Navy'S Bureau of 
Aeronautics are too limited and a new 
subtropical exposure station is under 
construction on Fisher’s Island in Bis- 
cayne Bay, adjacent to Miami, Fla. 
This tract is at approximately 26 deg. 
north latitude. One large tidewater 
rack and ten smaller land exposure racks 
will be constructed there, with capacity 
for thousands of panels of Navy aero- 
nautical and xA.rmy-Navy aeronautical 
finishes. No less important is the role 
these racks are destined to play in the 
research and development program of 
BuAer for the improvement of aircraft 
finish. The racks will be of concrete 
and monel metal construction and should 
last for many decades. It is still real- 
ized, however, that even these outdoor 
exposure tests do not yield the final 
evaluation of aircraft paints. None of 
these tests takes into account the effects 
of vibration, ^^oil -canning,” and flexure, 
such as that which takes place in wings 
during flight. However, for all practical 
purposes, the existing paint testing meth- 
ods will predict the relative value of 
paints compared with those which have 
been tested in this manner in the past 
and whose performance history in actual 
aircraft use is already known. 

The shortages of tung oil and toluene 
and the recurring shortage of phenolics 
and alkyds during the war led to a con- 
siderable amount of investigation and 
testing work to keep the specifications 
for the paint products in line with avail- 
able material. It was necessary to re- 
place the tung oil in primer with linseed, 
dehydrated castor, soybean, or other 
available drying oils, without any sacri- 
fice in speed of dr}dng, water resistance, 
or topcoat recoating properties. The 
AN-TT-P-656 primer developed during 
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this period of shortages actually proved 
to be more flexible and durable than the 
previous AN -TT-P-65 6 primer, which 
contained a greater amount of tung oil. 

The shortage of high aromatic solvents 
necessitated the testing of substitute 
thinners for specification paint materials, 
and the specifications were constantly 
revised during the war to parallel the 
changing availability of thinners. As a 
result, specification AN-TT-T-256 for 
thinner was amended six times during 
the war. 

Specialty Paints, — k number of de- 
velopments on protective coatings by 
the Bureau of Aeronautics that have 
not been noted are worthy of mention. 
A few of these are outlined briefly below. 

Transports and some trainers are 
usually constructed of aluminum-covered 
aluminum alloys for the exterior skin. 
The practice of waxing the surface to 
maintain suitable appearance is un- 
satisfactory owing to the short life of 
the wax coatings which would necessitate 
excessive overhaul space and a large 
personnel for maintenance purposes. A 
clear, water-resistant, air-drying finish 
which forms a thin protective film was 
developed. The product, NavAer Speci- 
fication L-22, is chiefly a methyl methac- 
rylate resin composition which has 
excellent resistance to adverse environ- 
mental conditions. It is applied in a 
|-mil thickness over solvent- washed al- 
uminum-covered aluminum alloy and 
requires a minimum of maintenance. 

Rubber tires of aircraft were found to 
be adver ^ely affected by exposure to 
sunlight, moisture, etc. To combat this 
condition, a flexible rubber paint, M- 
529, was developed which successfully 
protected the tires and notably in- 
creased their durability. 

The shock and abrading action oc- 
curring when persons walked on a plane 
impaired the paint coating and surface 
of the plane. To prevent this, and also 


to reduce personnel hazards due to slip- 
pery surfaces, walkways are employed, 
A brush-on type of walkway paint was 
developed for use on aircraft wingwalks. 
Two types are used : 

1. Type 1 — Smooth, for use along 
leading edges and adjacent surfaces of 
high-speed aircraft where roughness is 
undesirable because of its effect on aero- 
dynamic properties. This resulted in 
presenting a smoother surface to the air 
in the forward part of the airplane, where 
aerodynamic efficiency is of greatest im- 
portance. 

2. Type 2 — Rough, for use along trail- 
ing edges and adjacent surfaces where 
maximum nonslip qualities are essential. 
In the after portion of the wingwalks, 
conventional rough walkway material 
also continued to be employed. 

Future Protective Coating Requirements 
and Research. — As a result of wartime 
experiences in the Navy’s Bureau of 
Aeronautics with aircraft finishes and 
related problems and the research and 
developmental work conducted to date, 
as well as the anticipated problems 
evolving from the development of planes 
with supersonic speeds, jet-propelled 
mechanisms, etc., a research program 
is under way to supply adequate surface 
protection for aircraft against the mark- 
edly increased severity of anticipated 
service conditions. 

Automotive Paints: 

Automotive protective coatings, 
paints, enamels, and lacquers only in a 
few instances increase the durability 
of any mechanical parts of the automo- 
bile. Morrison of Chrysler Corporation 
calls attention to one case where a paint 
applied to a mechanical part increased 
its operating efficiency. Reference is 
made to a lacquer crankcase sealer used 
to seal up any sand particles that might 
be embedded in the casting. In the 
operation of the car, the flow of oil 
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would loosen these particles if they were 
not sealed in and this would cause 
eventual plugging of the oil line. 

It should be borne in mind, however, 
that paints, enamels, lacquers, and 
varnishes as applied in the automotive 
field are in themselves engineering mate- 
rials because they require the same in- 
genuity in formulation, meeting of oper- 
ating conditions, proper selection of color 
combinations, durability to outside expo- 
sure, etc. For this reason, a thorough 
technical appreciation of the methods 
of applications of the protective coatings 
as well as material standards are abso- 
lutely essential. 

Morrison’s experience takes us back 
some thirty years, when most of the 
protective coatings used on automobiles 
were varnishes and in some cases black 
high baking japans. Little protection 
was obtained from the varnishes. As a 
rule these coatings checked” inside of 
a year and required refinishing. Also 
very little protection was obtained 
against rusting of the metal parts. 
Better success was obtained from high 
baking japans where steel parts, es- 
pecially automobile bodies and fenders, 
were protected for as long a period as 
ten years. Unfortunately this type of 
material permitted the use of only one 
color — black. Inasmuch as the public 
demanded colors, this material was grad- 
ually discarded. Extreme care should 
be exercised in the selection of coatings 
for the purposes intended with respect 
to both durability and economy. For 
example, one would not think of using 
the same type of enamel or lacquer on 
the body and sheet metal parts of the 
car as were applied to the chassis frame. 
Not that they would be inferior in any 
way; in fact they would do a better job 
than the paints ordinarily used for this 
purpose, which are usually of the cheap 
asphaltic type: these cheap paints ful- 
fill the performance requirements be- 
cause the coated parts are invisible. 


Protective coatings are applied to 
automobiles, trucks, and other automo- 
tive items for protective and decorative 
purposes. Protection means protection 
against corrosion of exposed metal parts 
due to atmospheric conditions such as 
salt air along the sea coast and salt 
used in winter on the streets, as well as 
oxidation of the metal itself. In the 
northern cities a great amount of salt is 
spread on the streets in the winter. 
For example, in 1942-43 the city of De- 
troit spread 22,872,000 lb. of salt. This 
salt contributes defi.nitely to corrosion. 
Protection also means protection against 
high humidity conditions which cause 
blistering of the paint films and even- 
tually rusting of the metal; protection 
against changes in temperature in going 
from warm to cold which frequently 
causes ^‘checking” of the paint film and 
eventually loss of protection against the 
metal; protection against water, abrasion 
of road particles encountered in driving, 
perspiration (as in the case of the steer- 
ing wheel), and actual preservation of 
the wood in such wood parts as truck 
stakes and platforms. 

Many cases of “paint failure” in the 
past were actually due to rusting from 
the inside in spite of the protection of 
the exterior coatings. The automotive 
industry is becoming increasingly con- 
scious of the necessity for painting the 
interior surfaces of metal to prevent the 
corrosion by water which may get into 
the body through rain, washing, or 
condensation. 

It might be well to mention at this 
point that the protective efficiency of 
enamels, lacquers, and paints has been 
greatly enhanced in the past ten years 
by preliminary treatment of the body 
and sheet metal parts before paint appli- 
cation, These treatments are of the 
inorganic materials, but they play a very 
important part in combination with the 
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finishes used to lengthen the life of metal 
parts going into the automobile or truck. 
Reference is made to such treatments as 
bonderi^ing, parkerizing, and deoxidine 
coatings. In combination with finishes, 
these coats prevent the spreading of 
rust when the paint film becomes marred 
or scratched to such an extent that the 
bare metal is exposed. In such cases 
salt spray corrosion resistance of enam- 
els and lacquers has been increased as 
much as ten times, and at the same time 
better adhesion of the protective coats 
is obtained. • 

Most automobiles are finished in one 
of two major protective coating systems. 
On the one hand is the lacquer system. 
Here the first coat is an oil-base primer, 
baked dry. This provides for the maxi- 
mum bond between succeeding coats 
and the metal. Then a highly pig- 
mented oil-base surfacer is baked on to 
provide a smooth surface over which is 
applied the decorative as well as pro- 
tective lacquers. The extremely fast 
drying of the finish in this system permits 
greater brilliance of metallic appearance 
and lends itself particularly to the two- 
tone decorative schemes. On the other 
hand, some car makers employ an enamel 
system. Here the first coat applied to 
the metal is a synthetic resin type com- 
bination primer and surfacer which, 
when baked dry, supplies both the bond 
to the metal and the smooth surface for 
the color coats. The synthetic enamel 
finish is then applied and baked dry in 
one or more coats. 

As to the decorative effect of protec- 
tive organic coatings, appearance of the 
car has as much .to do with sales appeal 
as anything else. As a matter of fact, 
the public has become color conscious 
and is greatly influenced by color com- 
binations. One might well ask how 
appealing would an uncoated and cor- 
roded car be to anyone, particularly to 
the ladies. 


Great strides were made before the 
war in increasing the durability of paint 
films and thus increasing the life of the 
metal parts. Unfortunately, the war 
brought this progress to a standstill be- 
cause of the scarcity of the materials 
involved which were necessary in pro- 
ducing improved coatings. For exam- 
ple, the newly developed melamine resin 
has done much to harden enamel finishes 
and permit faster production schedules, 
and produce smooth finishes, pleasing to 
the eye. Now with the restrictions on 
most materials lifted, the paint com- 
panies are again making progress in 
improving the durability of the finishes, 
thereby improving the durability of the 
car parts. 

Railroad Faints: 

The railroads of the United States 
with their miles of right of way, their 
thousands of structures, and over two 
million pieces of rolling stock represent 
one of the largest outlets for paint 
products. The conditions to which the 
various equipment used by the railroad 
is exposed includes everything from a 
mild rural environment to one of acid, 
alkali, water immersion, extreme heat, 
and abrasion. 

The equipment that must be protected 
includes buildings, signaling devices, 
rails, bridges, piers, electrification tow- 
ers, locomotives, passenger and freight 
cars. The largest individual item of all 
these in so far as paintable area is con- 
cerned is freight cars, and, therefore, this 
discussion will be concentrated on the 
types of paint and the methods used to 
paint these cars. The painting of 
many of the other items has been cov- 
ered elsewhere in this paper. 

There are about two million freight 
cars in use by the railroads of the United 
States. The marketing of paints for 
freight cars is highly competitive. This 
competition, coupled with certain reci- 
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procity demands, has relegated quality 
to a secondary position in most instances. 
This is most unfortunate since normally 
most freight car paint systems must give 
protection for approximately ten years 
t3efore repainting. 

In genera], the variety of conditions to 
which freight cars are exposed has not 
been fully appreciated, and too often 
one paint system will be applied to a 
large number of cars regardless of their 
intended service. Refrigerator cars, for 
instance, will be subjected to the corro- 
sive action of brine so that the paint 
system applied should be formulated to 
resist this corrosive agent. Coal cars, 
tank cars, etc., all present specific pro- 
tective coating problems. 

Usually the paints for freight car 
painting have been inexpensive in cost, 
the pigment consisting essentially of a 
cheap grade of iron oxide. -The prac- 
tice of using such paints may be a hold- 
over from the days when freight cars 
were built primarily of wood. However, 
the advance to all-steel cars has not 
brought forth a corresponding demand 
for high-quality metal protective paints 
which are essential to really effective 
protection against corrosion. 

The importance of surface preparation 
of the metal prior to painting has to be 
given careful consideration in this field 
of metal protection. The methods used, 
for railroad cars consist usually of sand 
or shot blasting, thus permitting the use 
of primers or paints of the faster drying 
synthetic resin types, since such paints 


perform ,weli over completely cleaned 

surfaces. 

The undercarriages of all freight cars 
are of iron and steel construction and are 
exposed to general atmospheric condi- 
tions, excluding sunlight, but have the 
additional pi'oblem of abrasion from fly- 
ing particles of the roadbed. The under- 
carriages of most freight cars are painted 
with one or two coats of an anticorrosive 
paint plus a topcoat which should be 
hard enough to withstand abrasion. 

The sides and roof are exposed to 
abrasive action from cinders plus the 
usual atmospheric conditions of rain, 
sun, etc. Here the use of poor-quality 
paints has been quite widespread. How- 
ever, engineers responsible for main- 
tenance of railroad equipment are 
recognizing that the exposure conditions 
call for an anticorrosive paint, such as 
the red lead pigmented types, and that 
a final saving will result in the purchase 
of quality paints. 

The interior finishes of freight cars will 
depend wholly upon the material to be 
carried. Such materials as coal, ore, 
cement, oil, solvent, fertilizers, lime 
soda, chlorine, and acids require paints 
designed to withstand these particular 
corrosive actions. 

More and more, railroad engineers are 
subjecting metal protective paints to 
laboratory and field evaluation tests 
prior to their purchase. Obviously this 
procedure will result in benefits to both 
the railroads and the paint industry. 


Methods of Testing 

No one in the paint industry, in fact tific, societies and members of the paint 
in most industries, doubts the desirability industry to develop accelerated test 
of developing accelerated tests which methods for protective organic coatings, 
will duplicate or simulate the results but it is still necessary that the final 
of different types of natural exposure or evaluation of paints be made under con- 
fer a specific end-use. ditions of actual use. However, it is 

A great deal of work has been done possible to screen out poor paint systems 
during the past twenty years by scien- by the present accelerated test methods. 
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Modern industrial conditions requiring 
protective coatings vary widely and are 
highly special in many cases so that 
general test methods are often unsatis- 
factory. 

Metal Painting 

An arbitrary classification of these 
conditions for metal protective paints 
would be: 

1. Construction, such as building 
framework and railroad equipment, 
where conditions may or may not 
be severe. The atmosphere of cer- 
tain areas may be more severe than 
other areas. 

2. Industrial 

(a) General, such as automobiles, 
refrigerators, washing ma- 
chines, and other household 
appliances not subject to se- 
vere conditions. 

(&) Plants, such as oil refineries 
and chemical plants, where cor- 
rosive conditions may be very 
severe. 

(c) Lining of tank cars to carry 
specific liquids such as turpen- 
tine, naphtha, hot ammonium 
nitrate, etc. 

3. Marine, including both fresh and 
salt water shipping, dock structures, 
locks and dams, where moisture 
resistance is a greater factor than 
in (1) or (2). 

Although the ferrous metals are the 
most important from volume use, the 
various light metals are rapidly increas- 
ing in industrial use and will further 
complicate the problem of adequate 
protective paint systems and methods 
of test. The development of a wide 
variety of synthetic resins has provided 
the paint technician with new raw mate- 
rials for protective paints whidh have 
marked improvement in water and 
chemical resistance but are deficient in 
some physical properties such as meth- 


ods of application and adhesion. In- 
hibitive pigments also increase the 
protective properties by retarding cor- 
rosion, but it is difficult to duplicate the 
exact conditions of actual use in an 
accelerated test procedure. The ab- 
sence of a small item may not affect one 
specific pigment combination but may 
seriously affect another. Better meth- 
ods for cleaning and chemically treating 
metal surfaces are available and new 
ones are being developed, adding a 
further complication in the test proce- 
dures. The metal industries have con- 
tributed a great deal in this respect, but 
there is room for considerable improve- 
ment in the condition of iron and steel 
fabricated for industrial use. 

For metal protection, paints depend 
for their effectiveness upon three factors: 
resistance to water or moisture, since 
water is an ‘essential agent for corrosion; 
chemical inhibition (not present in all 
paints or effective under all conditions) ; 
resistance to weathering. The relative 
weight of these characteristics varies 
with the type of service for which the 
paint is designed. The accelerated tests 
measure them either in part, in whole, or 
in combination. Measurements of sin- 
gle properties are often more valuable 
than complex tests. 

An outline of the accelerated tests 
now in use will indicate the trend and 
may stimulate new ideas from this So- 
ciety, whose fundamental interest is 
better test methods. 

Accelerated Weathering 

Machines are available which provide 
radiation from electric arcs to simulate 
sunshine. Panels rotate about an arc 
and are wet by water spray for rain and 
changes in temperature for the various 
seasons. Many added treatments such 
as ice baths, refrigerated water, immer- 
sion overnight in hydrogen peroxide, 
exposure to oxygen or ozone have been 
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tried. Ice baths and refrigerated water 
seem to be of some value. Correlation 
of the rate of failure in this test with 
outdoor exposure has not been too suc- 
cessful, but much valuable information 
in regard to rust inhibition, adhesion to 
metal, and adhesion between coats is 
gained. McMullen (35) states that the 
test as described is of some value for 
paints to be applied on dock structures 
and on the topside of ships, which are fre- 
quently exposed to the effects of water 
but not totally submerged. This test 
is of little value for totally submerged 
exposures for which there seems to be no 
accelerated test. 

Humidity Cabinets 

Cabinets may be built to give approx- 
imately 100 per cent relative humidity 
at temperature of 100 F. or higher and 
have two important variables. The test 
panels may be simply hung in the 
chamber or supported on a cold backing 
which gives large condensation and an 
accelerated condition. Various corro- 
sive materials may be injected, such as 
ammonia or sulfur dioxide, to increase 
further the severity of test. Such cabi- 
nets are excellent for batch to batch con- 
trol. Several days in a cabinet at high 
humidity and temperature, alternated 
with 4 to 5 days in the weathering ma- 
chine, does a fair job of differentiating 
among paint systems. 

Salt Fog Spray Machines 

Salt spray machines are now available 
in standard forms, but there will always 
be considerable controversy regarding 
the kind and amount of salt to use, 
method of supporting the test panels, 
etc. Tide water exposure in Florida 
may not agree with results in the salt 
spray cabinet or with conditions of 
actual use, particularly if the ship or 
metal equipment on the seashore is 
maintained chiefly in Northern terri- 


tory. The salt fog spray test will 
quickly eliminate poor coating systems. 
It is also of value to determine satisfac- 
tory film thickness or coverage necessary 
for retarding corrosion. 

Preliminary observations for marine 
testing are conducted by submerging 
coated panels in water in glass tanks. 
In this way a few paint systems can be 
chosen from many for testing under 
actual use condition. It is advisable to 
pass a current of air through the water 
to keep up the oxygen content. The 
water should be the type in which the 
paint is to be used— approximately 3 
per cent salt (preferably sea salt) for 
ocean water, or natural water of similar 
mineral content to that in which expo- 
sure is to be made. Distilled water is 
unsatisfactory as it gives results varying 
widely from natural waters. 

It should be remembered that this is 
in no sense an accelerated test but merely 
a simulation of natural conditions for 
easier observation. 

Chemical Tests 

Immersion in the corrosive liquid or 
application of spots of the chemical to 
the test panel in the laboratory provides 
a good indication of resistance in actual 
use. The limitation of this test is the 
inability to find suitable chemicals to 
simulate some actual conditions. Hu- 
man perspiration is one which has not 
been duplicated and rancid fats are also 
difficult. 

Theoretical or Research Tests 

The importance of adequate test pro- 
cedures for materials which protect 
chemical engineering equipment is being 
realized to an increasing extent as evi- 
denced by the excellent work being done 
on the iundamentals involved. Equip- 
ment may suffer severely from corrosion 
fatigue, which in turn accelerates corro- 
sion and together they materially shorten 
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the useful life of the equipment. Meas- 
urements of the rate of corrosion under 
specified conditions and of the ability 
of coatings to retard this rate are com- 
plicated procedures but will undoubtedly 
provide valuable fundamental informa- 
tion. Another important factor is film 
continuity. What are the conditions of 
application or of film thickness which will 
provide a* completely continuous film 
free from minute pores or imperfections? 
The work which has been done on this 
phase of the subject has paid big divi- 
dends in satisfactory linings for beer 
cans, tank cars, and other equipment. 

This very brief outhne serves to point 
out that a great deal of very useful 
work has been done, that accelerated 
tests will not always indicate results 
from actual use, and that the field is 
wide open for new ideas and better test 
procedures. 

It is interesting to mention that about 
30 years ago Subcommittee VII on 
Accelerated Tests for Protective Coat- 
ings of A.S.T.M, Committee D-1, had 
organized for this very important work 
of metal testing of paint systems. 
Members represent most of the impor- 
tant commercial enterprise interested in 
such testing. There is also . in the 
Federation of Paint and Varnish Pro- 


duction Clubs a Standards-and-Methods 
of Test Committee for the purpose of 
evaluating methods of tests and stand- 
ardization. In addition, a joint A.S.- 
T.M. -Federation Committee has been 
appointed for the purpose of coordinat- 
ing the efforts of the two societies along 
this line. 

Wood Painting 

For exterior paints on wood, some suc- 
cess has been obtained in correlating 
mainly fading and chalking by acceler- 
ated weathering machines as against 
natural exterior exposure. However, no 
success has been obtained in producing 
exactly the same type of failure by the 
accelerated test methods as in exterior 
exposures. At the present time ac- 
celerated testing of exterior paints merely 
serves to separate the ‘^^sheep from the 
goats’’ and to determine trends in 
variation of composition which are useful 
in developing superior formulation. Ac- 
celerated testing should certainly be 
followed by actual exterior exposure of 
coated panels, and then by actually 
painting houses. 

The other tests mentioned for metal 
painting may be used also with success 
for special wood finishing systems, which 
have to withstand humidity, dilute 
chemical, alcohol, etc. 


Methods of Analysis 


Methods of physical and chemical 
analysis are finding greater application 
in the protective coating field. The 
analytical methods for drying oils have 
been available for many years for the 
protective coating industry; resinog- 
raphy and the general analysis of resins 
are of recent introduction. 

^^Resinography,” as the name implies, 
is a graphic study of resins. This term 
is analogous to “metalography” 
and '^mineralography By revealing 
morphology of the resinous matrix and 
of botanical, metallic, and mineral con- 


stituents, the method permits correlation 
of the structure of resins wnth the physio- 
chemical properties involved in indus- 
trial use. The term ^Tesinography” 
was coined by Theodore G. Rochow and 
R. L. Gilbert ( 44 ), 

'^General Analysis of Resins,” Robert 
W. Stafford and Emil F. Williams ( 48 ) 
have made considerable advances as 
shown in their work, and they point out 
that the significant steps have been the 
increasing application of physical meth- 
ods, as exemplified by the qualitative 
and quantitative aspects of optical and 
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electron microscopy, ultraviolet (emis- together with the purely chemical' 
sion and absorption) and infrared spec- ods of analysis, these techniques . yield 
troscopy, and spectrophotometry. Used otherwise unobtainable information. 


Plastics versus Organic Coatings 


I agree with Blackmore (4), Lurie, 
Bradley, Fazig (32), and others that, 
from the viewpoint of chemical compo- 
sition, both the organic and plastic coat- 
ings industries utilize the same raw 
materials, that is nitrocellulose, ethyl- 
cellulose, aceto-butyrate, cellulose 
acetate, phenol-formaldehyde, urea, mel- 
amine, methacrylate, polystyrene, poly- 
ethylene, etc. The essential differences 
between these two industries lie in the 
methods of formulation and the appli- 
cation of the finished materials. 

The plastics technician reduces the 
raw materials mentioned to a finely 
powdered state and shapes them in 
heated molds or melts them and ex- 
trudes the molten mass through hot 
dies. Sometimes he puts them into so- 
lution and impregnates paper or fabrics 
with them. These, are subsequently 
laminated into sheets, rods, or tubes by 
heat and pressure. 

The protective coating technician 
takes the same materials and puts them 


first into solution and then applies them 
to other surfaces by means of brush, dip, 
‘roller coat, flow coat, spray gun, or 
electrodeposition methods. In either 
case, whether applied by fusion and 
subsequent freezing or by deposition 
from a solvent, the end result is exactly 
the same from a chemical standpoint. 

The paint and varnish industries had 
been making plastic material in their 
everyday cooking kettle long before the 
creation of a plastics industry. Aside 
from all this, it is not hard to see that 
the technical progress made in one in- 
dustry will immediately aid the progress 
of the other. Blackmore (4) states it 
nicely: “It is unimportant whether the 
hen came before the egg, as long as 
there are plenty of both hens and eggs 
to go around. Similarly, whether or not 
a product finds its initial use in plastics 
or paints is unimportant as long as 
technicians remain alert to its possi- 
bilities and potential applications in their 
respective fields.’^ 


Statistical Trends 


Just how large and how important is 
the protective organic coating or paint 
industry? What are the basic chemical 
trends? How is the industry changing 
and what about its future? These, and 
similar questions find an answer in the 
following statistics. 

Table VI gives the total sales in dollar 
volume of the Paint, Varnish, and Lac- 
quer industry from 1936 to 1945. Al- 
though data are representative of 680 
establishments reporting, the dollar sales 
are a fair indication of the total size of 
the industry. It is quite apparent from 
these data that the protective coating 
industry is a well-established basic 


chemical hidustiy showing a steady and 
progressive growth. Some prominent 
and well-informed executives in the 
paint industry and Mr.. Ernest T. Trigg, 
president of the National Paint, Var- 
nish, and Lacquer Association, are of the 
opinion that in a few years the annual 
sales of paint and varnish products will 
reach a billion dollars. 

Table VII gives the consumption of 
oils and some resins in the paint and 
varnish industry from 1931 to 1945. 

These data cover, as an example only, 
four of the basic resinous ingredients 
more commonly used in the manufacture 
of protective organic coatings. These 
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TABLE VI.— SALES OF PAINT, VARNISH, IACQ0ER, AND FILLERS BY 680 ESTABLISHMENTS, 1936-1945. 

Sourcei U. S. Bureau of the Census: Current SiaUshcal Service. 


Year 

Percentage of Total 
Output® 

; Total Sales 

Unclassified Sales 

Total Classified Sales 

L 

Number of Es- 
tablishments 
Reporting 

Value 

Number of Es- 
tablishments 
Reporting 

Value 

Number of Es- 
tablishments 
Reporting 

Trade Sales 

■ 

Industrial Sales 

Total 

i 

Paint and 
Varnish 

Lacquer 

1936 


680 i 

$398 032 770 

100 

$36 738 501 ; 

580 

$203 073 252 

$158 221 017 I 

$111 032 702 

$47 188 315 

1937 ^ 


680 : 

419 103 821 

100 : 

39 075 074 

580 

215 868 460 

164 160 287 

115 295 425 

48 864 862 

1938 ' 

h. 

680 

347 682 114 

100 

34 673 943 

580 

195 963 442 

117 044 729 

81 193 901 

35 850 828 

1939 

91 

680 

394 508 431 

100 

36 661 951 

580 

213 749 249 

144 097 231 

102 405 167 

41 692 064 

1940 

90 

680 i 

412 515 812 

100 ! 

38 395 402 i 

580 

214 155 268 

159 965 142 i 

111 718 366 

48 246 776 

.1941 

90 

680 i 

555 398 819 

100 j 

51 829 948 ! 

580 

I 276 168 508 

227 400 363 ! 

162 632 021 

64 768 342 

1942 

90 

680 

529 745 027 

100 i 

57 125 387 j 

580 

260 484 650 

212 134 990 

155 858 623 

56 276 367 

1943 

90 

680 1 

568 620 999 

100 i 

54 519 594 I 

580 

265 201 659 

248 899 746 

186 186 562 

62 713 184 

1944 

90 

680 1 

618 325 532 

100 i 

61 147 302 1 

580 

294 154 629 

263 023 601 

197 081 086 

65 942 515 

1945 

1 90 

680 j 

643 425 141 : 

100 i 

66 033 201 1 

580 

: 307 394 294 

269 997 646 

204 747 066 

65 250 580 


“ The establishments whose data are included in this table produced approximately the above stated percentage of 
the total value of the output of the industry as reported at the preceding Census of Manufactures. 


TABLE VII.-CONSUMPTION OF OILS AND RESINS IN THE PAINT AND VARNISH INDUSTRY, 1931 TO 

1944-1945. 

Sources: U. S. Tariff Commission. 

Foreign Commerce and Navigation of the United States. 

U. S. Bureau of Agricultural Chemistry and Engineering. 

U. S. Bureau of the Census. 


Year 

Production of Alkyd 
Resins (net), 
lb.® 

Imports of Natural 
Varnish Gums and 
Resins, lb. 

Consumption of 
Rosin in Paints and 
Varnishes, lb. 

.Consumption of Oils 
in Paints and 
Varnishes, lb. 

1931 


28 077 919 



1932 


19 635 234 



1933 

9 930 705 

30 228 962 


297 560 000 

1934 

15 219 247 

24 547 016 


329 894 000 

1935 , 

1 34 312 713 

36 961 032 

.... 

394 005 000 

1935-36^ 



73 622 500 


1936 , 

46 952 452 

37 061 380 


429 020 000 

1936-37^ 



70 021 500 


1937 , 

58 450 032 

45 095 263 


458 522 000 

1937-38^ 



68 448 500 


1938 , 

37 563 840 

28 '591 Oil 


358 134 000 

1938-39^ 

1939 , 

70 ’2O8 098 

42 *296 526 

65 ’139 000 

423 113 000 

1939-40^' 



78 759 000 

1940 , 

91 446 195 

54 032 473 


434 736 000 

1940-4E' 



78 899 000 


1941 , 

139 738 000 

138 '062 509 


570 802 000 

1941-42^^ 



, 108 873 000 


1942 ^ 

103 *769 000 

65 ’234 792 


511 609 000 

1942-43^ 



82 060 000 


1943 , 

205 *988 000 

23 467 961 


444 342 000 

1943-44^ 



65 ’697 000 


' ' ' 1944 , 

239 765 000 

1 46 005 705 


536 156 000 

1944-45^' 



69 '231 000 



" Exclusive of ail fillers, drying agents, dyes, plasticizers, and solvents. Chemical modifiers such as abietic acid 
and oils are considered part of the net resin content when they are chemically combined with the principal resin. 

° Crop year, beginning April 1, 


TABLE VIII.-INDUSTRIAL DISTRIBUTION OF SYNTHETIC RESINS, 1941-1944 (NET RESIN IN 1000 LB.) 
{Computed from U . S. Tari^ Commission Statistics) 



1941 

1942 

1943 

1944 

Total Synthetic Resin Production ' 

For Use in Protective Coatings. 

For Use in Molding and Casting. ..... 

For Use in Laminating. 

For .Miscellaneous Uses^. 

452 171—100% 
212 077— 47 

121 684— 27 

46 227— 10 

72 183— 16 

439 999-^100% 
148 255— 34 

122 745— 28 j 

61 058— 14 i 

107 941— 24 

653 938— 100% 
249 429— 38 

130 416— 20 

61 906— 10 

222 187— 33 

784 137—100% 
292 566— 37 

119 915—15 

56 942— 7 

314 714— 41 


" This information is not available for the prewar years. 

" For adhesives, for treatment of textiles, paper and leather* for glazing, sheeting, films, ion exchange, etc. 
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figures illustrate the phenomenal growth 
of the alkyd resins, the more widely 
used synthetic surface coating material. 
However, it is interesting to note that 
at the same time three other natural con- 
stituents have not suffered any losses in 
volume consumption. Nevertheless, it 
is pointedly clear from the data that the 
chemical character of the paint industry 
is being fundamentally affected by the 
progress of science. The industry has 
been alert indeed in adopting the more 
useful man-made products. It is mov- 
ing forward and at an ever faster tech- 
nological pace. The statistical growth 
of other resinous materials, such as 
phenolic, amino, and vinyls, could have 
been used to illustrate the chemical 
character and the technological trend 
of the coating industry. 

Table VIII illustrates the interesting 
fact that synthetic resins find not only 

Future 

Let us briefly peer into the crystal 
ball and see what the future has in store 
for the protective coating industry. 

Continued and, in most cases, in- 
creased consumption of the various syn- 
thetic resins now in use is indicated— 
alkyds, maleics, phenolics, ureas, mela- 
mines, vinyls, acrylates, pentaerythri- 
tols, polyterpenes, coumarone-indenes, 
chlorinated rubbers, cellulosic deriva- 
tives, etc. 

Coatings made from styrene and sty- 
rene copolymers, organosilicones, syn- 
thetic rubbers, itaconic acid resins, and 
allyl ester polymers are in the offing. 
The painh^ chemists’ dream of 100 per 
cent solids synthetic resin coatings may 
soon come to fruition through the use of 
monomeric substances as solvent car- 
riers for alkyds' and other polymeriz- 
able resins. 

At the same time, although most of 
us seem to agree that the future of the 


many and varied types of industrial 
outlets but also that the paint industry 
constitutes their largest single consuming 
market. Over a third of the entire syn- 
thetic resin production goes into the 
preparation of protective .coatings. This 
limited presentation of statistical data 
is of sufficient indication that the paint 
industry forms a permanently large and 
significant segment of the chemical 
industry. The nature of the industry is 
such that it is adopting new chemical 
products and principles without com- 
pletely discarding the time-tested ones. 
Old as the paint industry is from the 
standpoint of art and craftsmanship, it 
is technologically young, vibrant, and 
progressive and has evolved into a 
chemical engineering industry. Its fu- 
ture growth and welfare are closely de- 
pendent upon continued and vigorous 
utilization of the new scientific develop- 
ments that are appearing on the horizon. 

Trends 

protective coating industry lies in the 
field of synthetic resins and high poly- 
mers, we should not forget that linseed 
oil is a low polymer raw material. Yet 
at present it is still the largest volume 
material used in coatings, particularly 
in house paints. We should not forget 
also that while we are all thinking of 
synthesizing new raw materials, there 
may be other natural raw materials 
whose discovery may be worth our while. 
One such example is Garcia Nutans oil — 
a hard drying oil with properties superior 
to China wood oil, quicker drying, and 
with improved alkali resistance. 

Isomerized and chemically processed 
oils, tall oil, and tall oil derivatives will 
probably also be utilized in increasingly 
larger quantities. 

The composition of paints, varnishes, 
and lacquers is not the only phase of the 
industry which will be affected by the 
progress of time. 
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As a result of the constant search for 
newer ^ and better wa,3"S of iiiaMng paint, 
present batch manufacturing systems are 
undergoing modernization. Automatic 
controls and larger unit processes (in 
certain cases, even continuous opera- 
tions) will make for more uniform paint- 
products manufactured at lower costs. 

We will also see improved and speedier 
methods of paint applications. Among 
them may be cited spraying in an elec- 
trically induced field, electrostatic de- 
tearing, and high-frequency induction 
heating. 

Emulsion coatings, anti-fungus and 
insect repellant paints, hot melts, and 
luminescent finishes came into particu- 
lar prominence for specific applications 


during the war period. Many of these 
uses will carry over into postwar civilian 
markets. For some of the outlets, paints 
and plastics will find themselves in direct 
competition. After all, synthetic res- 
sins are the basic raw materials of both 
and we are rapidly approaching the 
time when it will be difficult to differen- 
tiate in terminology between paints and 
plastics, except where the latter are 
used solely as molding materials. 

In short, the paint industry is on the 
move! It is progressing and changing 
so rapidly that the one thing we can 
safely predict is that the coatings of 
tomorrow will be as different from those 
of today as the coatings of today differ 
from those of yesterday. 


General Closing Remarks 


Protective organic coatings are a 
necessary and integral part of all indus- 
trial and chemical engineering industries. 
And because of their wide diversity of 
uses and applications, the thoughts ex- 
pressed here are those of the author and 
also those of his many friends who have 
helped him immeasurably in the prep- 
aration of the lecture. 

Although the , importance of organic 
coating for war use has apparently 
passed, it is noteworthy that probably 
the most important accomplishment of 
the protective coating industry during 
the recent war was its ability to satisfy 
all the military requirements and, at 
the same time, take reasonably adequate 
care of civilian needs. It was a source 
of gratification to see the close coopera- 
tion that existed between the Govern- 
ment agencies and the technical men of 
the coating industry in all matters, 
whether preparing specifications for new 
purposes or revising specifications for 
old purposes, and particularly so when 
the aim was to release critical materials 
such as phthalic anhydride and p- 
phenyl phenolic resin for really urgent 


needs. Considerable credit is due the 
production side of the industry for 
being sufficiently versatile to make the 
frequent adjustments rendered neces- 
sary by the changes in available raw 
materials and the increase of production 
required in relatively short periods of 
time. 

The coating industry has advanced 
chemical ty much more rapidly in the 
development of raw materials than in the 
development of chemical engineering 
processing of coatings. In the future, 
more attention will be given to the 
chemical engineering aspects of the 
industry . 

As already mentioned, there is an in- 
creasing trend on the part of the more 
progressive varnish manufacturers to 
process in larger units. Many are in- 
stalling and others are plannni^g to install 
set kettles of larger capacity (1000 to 
5000 gal.) than used before or during 
the war period. In most cases these 
kettles will be of the closed type 
equipped for careful critical control of 
temperature and the application of 
vacuum or inert gases; In some in- 
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stances active gases may be used. This 
definitely indicates the desire of the, 
protective coating industry to provide 
better products and to project its efforts 
beyond the age of craftsmanship into an 
era where processes and products will be 
m,ore scientifically controlled. 

Our technicians, chemists, chemical 
engineers, and other technically trained 
men of the industry are thinking more 
and more in terms of changing from 
batch processing to continuous methods 
of production. They may find it some- 
what difficult to produce coatings con- 
tinuously, in view of the fact that many 
hundreds of different raw materials are 
used by a protective coating manufac- 
turer to make the variety of coatings 
normally required. However, compara- 
tively continuous processing is possible 
because many of the raw materials used 
in varnish processing have chemical 
properties within relativety limited 
ranges. 

The idea of continuous processing will 
be applicable not only in varnish manu- 
facturing but also in the dispersion of 
pigments into vehicles for the production 
of paints, enamels, and other pigmented 
coatings. Generally speaking, the steps 
in the manufacture of pigmented coat- 
ings are a premixing of the dry pigments 
into the vehicle and grinding — in reality 
a further dispersion of the pigments into 
the vehicle, now usually accomplished 
by means of a Burr stone mill, roller 
mill, steel and pebble ball mills, Ban- 
bury mill, Bramley mill, or colloid mill. 
The method of dispersion for pigments in 
these first two steps — premixing and 
grinding— should probably make some 
of the greatest advances in the future. 
The pigment manufacturers are now 
giving much more serious consideration 
to the question of pretreating pigments 
so that they can be more easily dispersed. 
A great deal more engineering considera- 
tion will have to be given to the mechani- 


cal means of dispersing pigments. A 
wealth of real chemical engineering 
processing can be accumulated in a study 
of pigment dispersions in vehicles. 

Technical selling, particularly for in- 
dustrial or specialt}^ product finishes, 
has become more prominent in the coat- 
ing industry. Coating manufacturers 
are now training their industrial sales 
representatives in the fundamental phys- 
ical and chemical properties of raw mate- 
rials, and the effect of these properties 
in the processing of coatings to meet 
specific end-use requirements. These 
men are being thoroughly trained in 
the various methods of application, that 
is, brushing, spraying, dipping, flow or 
roller coating, laminating, etc. A thor- 
ough understanding not only of the 
chemical and engineering aspects of the 
coating is necessary but also of the en- 
gineering requirements of the surface 
on which the coatings are to be applied. 
In line with this train of development 
many coating manufacturers are em- 
ploying technically trained men for 
soliciting their industrial and mainten- 
ance fields. 

There are over 1200 paint manufac- 
turers in the United States. It is an 
industry of approximately 700 million 
dollars in sales, which may increase, as 
already indicated, to a sales volume of a 
billion dollars. Many of the manufactur- 
ers are small. In view of the chemical 
and engineering nature of the coating 
industry, however, every manufacturer 
of paint, varnish, or lacquer, no matter 
how small, should employ chemists or 
chemical engineers as a measure of pro- 
tection for his future technical security, 
as a part of the industrial growth of our 
country. The technical members of the 
industry should join at least one of the 
national technical societies as an aid to 
his own industrial and technical growth, 
and thus be of greater technical useful- 
ness to his employer and his country. 
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SYMPOSIUM ON ATMOSPHERIC WEATHERING OF 

CORROSION-RESISTANT STEELS 

ATMOSPHERIC CORROSION TESTS ON HIGH-CHROMIUM STEELS’^' 
By W. O. Binder^ and C. M. Brow# 

Synopsis 

This paper presents data on atmospheric corrosion tests, based on the weight- 
loss method, for low-carbon 0 to 18 per cent chromium steels conducted at Kure 
Beach, N. C., Niagara Falls, N. Y., and New York, N. Y. The test data show 
a progressive improvement in atmospheric corrosion resistance with increasing 
chromium content and indicate that an addition of 18 per cent chromium is re- 
quired to make the steels virtually stainless in the atmospheres tested. 

Tension test specimens of cold-rolled austenitic steels of the types used in 
modern light-weight construction were exposed at Niagara Falls, N. Y., for 5 
yr. These steels showed no change in strength or ductility when tested after 
exposure. 

The influence of stress was also investigated in tests made at Amagansett, 

L. I., N. Y., on cold-rolled austenitic steels, and it was found that the presence 
of stress did not reduce their resistance to marine atmospheric corrosion. 


Steels containing substantial amounts 
of chromium are finding increased ap- 
plication in the fields where resistance to 
atmospheric corrosion is important, be- 
cause of the well-known passivating 
effect that chromium imparts to steel 
under oxidizing conditions. Tests con- 
ducted by the A.S.T.M. on wire and wire 
products (1)2 made of 18 per cent chro- 
mium, 8 per cent nickel steel and 12 to 
14 per cent chromium steel have shown 
excellent results, with the 18 per cent 
chromium, 8 per cent nickel steel retain- 
ing its metallic appearance, and the 12 to 
14 per cent chromium steel showing only 
a slight rust or rust staining in 5 to 6-yr. 
exposure to several different urban, 
marine, and rural atmospheres. The 
A.S.T.M. is also conducting inspections 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Union Carbide and Carbon Research Laboratories, 
Inc., Niagara Falls, N. Y. 

“The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 607. 


of architectural installations of corrosion- 
resistant steel at such locations as New 
York, N.Y., and Atlantic City, N.J. (2). 
These inspections are showing the 18 per 
cent chromium, 8 per cent nickel steel 
to be giving very satisfactory service. 

While these results are available in the 
literature, further data on the effect of 
high percentages of chromium are im- 
portant properly to evaluate the effect 
of this alloying element on the atmos- 
pheric corrosion resistance of steel In 
this paper it is planned first to present 
quantitative data on marine atmospheric 
corrosion tests being conducted at Eure 
Beach, N. C., and industrial atmospheric 
corrosion tests at New York, N. Y., and 
Niagara Falls, N. Y., on a series of steels 
containing additions of chromium in 
amounts from 0 to 18 per cent. These 
data will serve to show the effect of 
continued additions of chromium in im- 
proving the atmospheric corrosion re- 
sistance of low-carbon steel The second 
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portion of this paper will then consider 
atmospheric corrosion tests on cold- 
rolled austenitic chromium-nickel and 
chromium-manganese-nickel steels of the 
type suitable for light-weight construc- 
tion. 

Steels With 0 to 18 per cent 
Chromium . 

The tests on low-carbon steels contain- 
ing 0 to 18 per cent chromium were be- 


1| hr. at 650 C. and air-cooled; those con- 
taining 3 to 5 per .cent chromium ' were 
heated 1 hr. at 700 C. and air-cooled; and 
the remainder were heated 2 hr. at 750 C. 
and air-cooled. The scale was removed 
by pickling. Test samples 3 by 6 in. in 
size were then prepared and carefully 
weighed. The samples were exposed at 
an angle of 30 deg. from the horizontal 
in corrosion-resistant steel racks facing 
south and were held in place by porce- 


TABLE I.-EFFECT OF CHROMIUM ON ATMOSPHERIC CORROSION RESISTANCE OF 
LOW-CARBON STEELS. 

Original Condition: Annealed and Descaled 
Panel Size: 3 by 6 by 0.06 in. 

Test Locations: Kure Beach, N. C., Niagara Falls, N. Y., New York, N. Y. 

Exposure Begun: 1941-42. 


Steel 

Chemical Composition, per cent 



Weight Loss 

g. per sq. in. 



Kure Beach, N. C. 

NiagaraFalls,N.Y. 

New York, 
N. Y. 


Carbon 

Chromium 

Manganese 

Silicon 

Copper 

Phosphorus 

Sulfur 

6 months 

18 months 

44 months 

6 months 

20 months 

42 months 

18 months 

52 months 

No. E-922 

0.07 


0.39 

0.30 0.070 

0.018 

0.023 

0.15 

0.27 

0.55 


0.21 




No. E-924. 

0.06 

1.02 

0.35 

0.23 0.058 

0.012 

0-015 

0,12 

0.24 

0.46 


0.17 




No. E-929 

0.05 

2.18 

0.56 

0.30 0.066 

0.012 

0.022 

0.10 

0.19 

0.31 


0,14 




No.E-934 

0.04 

3.15 

0.50 

0.32 0.072 

0.010 

0.020 

0.10 

0.16 

0.25 


0.11 




No.E-939 

0.07 

5.34 

0.56 

0.32 0.056 

0.012 

0.022 

0.08 

0.18 

0.19 


0.11 




No.E~943 

0.06 

7.28 

0,61 

0.33 0.074 

0.016 

0.022 

0.05 

0.10 

0.14 


0.09 




No. E-947....... 

0.06 

9.32 

0.67 

0.31 0.076 

0.011 

0.021 

0.02 

0.07 

0.08 


0.04 

— 



No. E-9S0 

0.06 

12.53 

0.73 

0.31 0.068 

0.012 

0.018 

0.01 

0.007 

0.01 


0.02 




No. E-9S1 

0.04 

18.57 

0.70 

0.40 0.052 

0.012 

0.018 

0.003 

0.001 

0.002 


0,002 




No. E-773 

0.07 


0.30 

0.10 0.053 

0.007 

0.025 




0.14 

0.22 

0.31 

0.45 

0.61 

No. E-841 

0.05 

2.09 

0.26 

0.15 0.070 

0.008 

0.026 




0.08 

0.13 

0.17 

0.40 

0.46 

No. E-816 

0.03 

3.27 

0.37 

0.20 0.070 

0.009 

0.023 




0.05 

0.11 

0.13 

0.13 

0.16 

No. E-821 

0.07 

5.50 

0.35 

0.17 0.070 

0.012 

0.022 




0.08 

0,10 

0.12 

0.09 

0.11 

No. E-834 

0.06 

7.24 

0.33 

0.20 0.060 

0.007 

0.023 




0.10 

0.09 

0.10 

0.12 

0.11 

No. E-838 

0.(76 

9.13 

0.33 

0.18 0.060 

0.006 

0.023 




Nil 

0.05 

0.06 

0.09 

0,06 

No. 12 Cr 

0.08 

12.58 

0,76 

0.46 0.060 

0.019 

0.014 




Nil 

0.004 

0.009 

Nil 

0.005 

No. 18 Cr 

0.08 1 

17.26 , 

0.45 

0.32 0.070 

0.015 

0.014 




Nil 

0.003 

0.003 

Nil 

0.001 


gun in 1941 and 1942. In addition to lain insulators. Enough samples were 
chromium, the steels contained small exposed so that separate and complete 
amounts of manganese and silicon, toge- sets could be removed after definite 
ther with minor amounts of copper, sul- periods of time up to 15 yr., with no 
fur, and phosphorus. One series of sam- cleaning being done between exposure 
pies was exposed at Kure Beach, N. C., and final removal of a particular group 
another series at Niagara Falls, N. Y., of samples. Whenever a set of samples 
and a third at New York, N. Y. The was removed from test after its exposure 
steels were made in 30-lb. induction period, visual examination was made of 
furnaces from commercial materials and the rust character, after which the sam- 
were hot-rolled to No. 16-gage sheet, pies were electrolyticaily cleaned in 
The steels containing up to 2 per cent inhibited 5 per cent sulfuric acid solution 
chromium after hot-rolling were heated before final weighing (3). In Table I 
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are given the results of these tests to date centage of chromium, and as weight loss 

for the steels in the three test locations, versus time for each chromium content. 



Fig. 1. — Influence of Cliromiiim on the Atmospheric Corrosion Resistance of Low-Carbon Steel, 


The test results from Table I are plotted In the case of the Kure Beach, N. C,, ' 
in Fig. 1 as curves of weight loss for the samples, rusting was observed to be 
maximum exposure time versus per- quite uniform on both the earthward and 





Earthward Skyward 
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1st row— 5 per cent chromium 
2nd row— 7 per cent chromium 
3rd row — 9 per cent chromium 
4ih row— 12 per cent chromium 
5th row — 18 per cent chromium 

-Appearance of Steels After 44 Months’ Atmospheric Exposure at Kure Beach, N. C. 

Cleaning. 


1st row — 0 per cent chromium 
2nd row— I per cent chromium 
3rd row — 2 per cent chromium 
4ih row — 3 per cent chromium 
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skyward faces. The samples exposed at 
Niagara Fails, N. Y., and New York, 
N. Y., however, appeared more corroded 
on the earthward than the skyward side. 
As the chromium content was increased, 
the character of the rust changed from a 
loose, heavy scale to an adherent and a 
much lighter scale at all locations. At 
12 per cent chromium the rusting was 
very slight, and at 18 per cent chromium 
it was practically nil and could be re- 
moved by washing with soap and water 
and a mild household cleanser. The 12 
per cent chromium steel was very slightly 
pitted and the 18 per cent chromium 
steel was practically free from pitting. 

Examination of the data for the steels 
listed in Table I shows that increasing 
the chromium content of the low-carbon 
steels decreases the weight loss due to 
atmospheric corrosion at all three test 
sites. The weight loss verstis chromium 
content curves shown in Fig. 1 indicate 
a significant change in slope at about 3 
per cent chromium and again at about 12 
per cent chromium for all locations. In 
general, the Niagara Falls, N, Y., atmos- 
phere appears somewhat less corrosive 
than either the Kure Beach, N. C., or 
New York, N. Y., atmospheres. The 
New York, N. Y., atmosphere is the 
most corrosive for the steels containing 
up to 3 per cent chromium, whereas the 
Kure Beach, N. C., atmosphere is the 
most corrosive for the steels containing 
3 to 9 per cent chromium. The 12 per 
cent chromium steel and, in particular, 
the 18 per cent chromium steel, show a 
high degree of resistance to rusting at all 
locations, even though exposed for ap- 
proximately four years without cleaning. 
The variable effect of different atmos- 
pheres is probably linked with the 
apparent necessity of having at least 12 
and preferably 18 per cent chromium 
present in steel before universal atmos- 
pheric immunity is realized. Steels with 
lower percentages of chromium are 


thereby more .susceptible to varying 
results, depending upon the particular 
local conditions, because their tendency 
to become passive is not strong enough. 

The photographs of Fig. 2 show the 
condition of the samples exposed for 52 
months at New York, N. Y. and Fig. 3 
the samples exposed 44 months at Kure 
Beach, N. C. These photographs are 
full-size and represent the center section 
of both skyward and earthward faces as 
they appeared before and after electro- 
lytic cleaning, except in the case of the 
Kure Beach, N. C., samples which were 
only photographed in the cleaned condi- 
tion. In the New York, N. Y., samples, 
a general roughening of the surface was 
noted on the plain low-carbon steel. 
The surface of the 2 per cent chromium 
steel was roughened to a lesser extent. 
At 3 per cent chromium, a marked dif- 
ference in the character of the clean 
surface existed, the surface being con- 
siderably smoother than the surfaces of 
the former steels. Beyond 3 per cent 
chromium, the steels retained more and 
mor^of their original surface appearance. 
A shallow but rather discrete pitting type 
of attack, previously obscured by the 
general attack, was observed to begin at 
about 3 per cent chromium. As the 
chromium content increased beyond 3 
per cent, the size of the pits became 
smaller, until at 12 per cent they were 
barely visible to the unaided eye. As 
previously stated, practically no pitting 
was observed in the 18 per cent chromium 
steel. General and decreasing surface 
roughness was observed in the Kure 
Beach, N. C., samples as the chromium 
content approached 5 per cent. The 
pitting transition observed at New York, 
N. Y., in the steels containing between 
3 to 12 per cent chromium was similarly 
found in the Kure Beach samples con- 
taining 5 to 12 per cent chromium. The 
18 per cent chromium steel at Kure Beach 
showed no pitting after 44 months ex- 
posure. 



17-7, 18-8, 18-8 Columbiura, 18-8 Molybdenum Steels 
Test Location: Niagara Falls, N. Y. Exposure Begun: 1941 
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Tensile Properties® 

Exposed 5 yr. 

Elonga- 
tion in 

2 in., per 
cent 

lo.io O O O «^00‘0 000000»o 

©Tt<vO*!*<eOroPo6’^sdMroes[OOvOsOl>.Oir>rOt'-OOoCX>.<^»OiOC<lS>.*^'<^"rMOO'>q"?t<oOO 

Tensile 

Strength, 

psi. 

196 700 
182 800 
201 000 
199 200 

169 000 
186 800 
206 100 

170 000 
191 800 
217 000 

157 500 
161 000 
181 100 
189 200 
154 200 
154 000 
164 100 
173 300 
160 200 

158 500 

171 500 
178 300 

135 800 
141 200 
164 000 

164 600 
158 000 
166 000 

165 500 
176 000 
145 200 
150 200 
130 200 
134 SOO 
152 600 

156 800 

136 200 

137 400 

157 900 
157 000 

Yield 
Strength, 
0.2 per 
cent 
Offset, 
psi. 

147 000 
155 000 
166 000 
186 000 
110 000 
135 000 
175 000 
103 000 

140 000 
187 000 
134 000 

141 000 
160 000 
172 000 
121 000 
134 000 
141 000 
ISO 000 
120 000 
132 000 
146 000 
157 000 

114 000 
124 000 
140 000 

143 000 

137 000 
128 000 

144 000 
155 000 
113 000 
122 000 

115 000 
123 000 

138 000 
146 000 
123 000 
127 000 
140 000 
149 000 

Stored 5 yr. 

Elonga- 
tion in 

2 in., per 
cent 

OOIOOO -OiOOOiOOU^OO .000‘c)000000‘0i000*^»r30 0 0 0»/5»00«j0 
0'0i0'5t<— * •mobt—oirjr.jO'O'O '.lovdooooNioO'rir-t— ovOJiofOoooo'O'CiOt-.iocMOco 
<M CM r-lT-l ,-1 

Tensile 

Strength, 

psi. 

195 500 
189 100 
207 000 
198 900 
169 200 

211 000 
174 500 
198 500 
222 200 

158 000 
165 000 
187 000 
198 000 
152 000 

165 ioo 
172 400 
l.‘^7 100 
155 500 
167 500 
186 500 

136 600 
144 500 

159 200 
165 500 

154 700 

160 000 
162 000 
181 000 

140 000 
152 000 
133 200 
144 500 
163 000 

155 800 

137 000 

141 900 
154 800 
163 900 

Yield 
Strength, 
0,2 per 
cent 
Offset, 
psi. 

147 000 

165 000 
175 000 
184 000 

no 000 

19 V 000 
113 000 
160 000 
189 000 
133 000 

147 000 

166 000 
179 000 

117 000 

139 000 

149 000 
120 000 

133 000 

141 000 
166 000 

118 000 

127 000 

134 000 
145 000 
136 000 
145 000 
145 000 
159 000 
115 000 

128 000 
119 000 

123 000 

148 000 

142 000 

124 OQO 
130 000 
139 000 

150 000 

Original 

Elonga- 
tion in 
2 in., per 
cent 

• OOOiOOOOO'OiOOOOOOOOOkOiOOOO'JOOO • ■ • -OOOOOOOO'OO 
<t-,cr)iOcOOvt'-0‘0'0'©0'OOr-JVDO©OM— • ' ■ •'00'^C'JOvC\"^’»tOOO 

CMCM.-^»~lCM<Nv-(rO*-'«~<eMCM CM-r-ir-) CM»-I > • • .-4 

Tensile 

Strength, 

psi. 

189 600 
186 200 
196 900 
201 000 
172 300 
186 800 
211 000 
181 400 
189 500 
207 600 

159 000 

156 700 
176 600 
186 500 

157 000 

158 600 
161 200 
171 200 
157 200 
155 800 
174 100 
179 300 

139 400 
138 200 

160 000 
166 200 

140 300 
148 000 

133 500 
136 000 
147 000 

152 300 

134 000 
134 400 

153 600 

159 400 

Yield 
Strength, 
0.2 per 
cent 
Offset, 
psi. 

140 000 
161 000 
163 000 
184 000 
122 000 
135 000 
177 000 

97 000 

135 000 
179 000 
130 000 
137 000 
149 000 
169 000 
121 000 
139 000 

136 000 
154 000 
119 000 
136 000 
147 000 
157 000 
118 000 
122 000 

139 000 

147 000 

109 000 
127 000 
118 000 
125 000 
129 000 

140 000 
118 000 
124 000 
134 000 

148 000 

Condi- 

tion^ 

UUQfiWUppqupauGPuDppuDpQoOppuDplp^ 

M(>JCMeS'i-^'<HvHCMCMC'ieSCMCM(NCSCM(NrMr»«>lCMCM(CMMMeMC^«>tMMCMCMC'4CMrMCMCM<NCMCSl 

Chemical Composition, per cent 

umTqmn|03 

CN r-j • . 

. . 00 00 - 

■ ' • • • • o d ■ 

lunuapqXioj^ 

2.12 

3.08 


0.05 

0.06 

0.13 

0.05 

0.03 

0.03 

0.04 

0.07 

0,05 

0.05 

ncqa-BQ 

0.10 

0.11 

0.14 

0.06 

0.10 

0.10 

0.07 

0.07 

0.07 

0.07 

uomps 

0,37 

0.35 

0.41 

0.40 

0.35 

0.41 

0.53 

0.52 

0.49 

0.45 

osau'ESu'Bpi 

1.21 

0.54 

1.21 

1.30 

1.24 

1.28 

1.28 

0.59 

2.12 

2.05 

PPIN 

7.18 

7.75 

7.43 

8.27 

8.00 

8.75 

8.47 

9.52 

13.10 

13.-12 

uinimojqQ 

17.25 

17.43 

17.25 

18.35 

18.54 

19.72 

18.54 

18.05 

19.00 

18.97 

Steel 

No.E-380 

No. D-246. 

No.E-391 

No. E-582 

No. E-381 

No.E-382 

No. E-593 

No.D-797 

No. E-389. 

No. E-390..... 


® Samples taken parallel to rolling direction. 

^ 1—0.06-in. thick strip. 2—0.03-in. thick strip. B — Cold-Rolled 20 per cent. C— Cold-rolled 30 per cent. D— Cold-rolicd 40 per cent. 
iCold-rolledand heated 72 hr. at 200 (’. and air-coolcd 
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2 in., 
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Tensile 

Strength, 

psi. 

188 200 

182 000 

216 000 

202 000 

176 800 

197 800 

203 000 

174 000 

189 100 

201 000 

174 800 

191 900 

194 800 

155 000 

188 200 

198 000 

167 700 

178 400 

192 900 

138 000 

163 200 

182 800 

146 400 

161 800 

179 200 

158 800 

150 000 

188 800 

181 200 

m 

Yield 
Strength, 
0.2 per 
cent 
Off-set, 
psi. 

113 000 

120 000 

160 000 

171 000 

109 000 

158 000 

179 000 

104 000 

139 000 

165 000 

101 000 

125 000 

161 000 

103 000 

139 000 

168 000 

114 000 

128 000 

149 000 

107 000 

133 000 

141 000 

110 000 * 
125 000 

148 000 

118 000 

121 000 

143 000 

157 000 
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Stored 5 yr. 

Tensile 

Strength, 

psi. 

197 000 

184 100 

217 000 

207 900 

178 900 

193 200 

199 200 

177 800 

194 800 

212 000 

176 500 

196 000 

192 000 

156 000 

183 000 

193 800 

168 000 

186 000 

194 200 

139 200 

165 100 

183 000 

143 100 

166 000 

176 500 

161 000 

154 100 

187 800 

188 000 


Yield 
Strength, 
0.2 per 
cent 
Off-set, 
p>si. 
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Strength, 

psi. 

183 200 

214 200 
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171 400 

190 000 

201 500 

165 000 

187 800 

203 300 

171 400 

203 200 
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150 500 

176 900 

189 800 

168 400 

184 500 

190 300 

150 500 

183 ioO 

145 000 

167 600 

177 400 

146 600 

152 200 

183 700 

183 600 


Yield 
Strength, 
0.2 per 
cent 
Off-set, 
psi. 

130 000 

148 000 

169 000 

101 000 

142 000 

183 QOO 
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173 000 

97 000 

137 000 

160 000 
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160 000 

1 

o€ 

ppSoywUpmOPpqyOfflOQwyQpqyQpqUQ 

<N<s<Nc^v-<Wir<eiics<Ne'<eses-<-<PP<s«>ies*HpTiescsic^cs[eMc!|c^ 



' 

VD 






o 

q 





o 

o 

o 

d 

d 

d 


es 

o 


o 

o 

CO 



1-H 



■'*1 

''"I 

o 

o 

o 

d 

o 

o 


c^ 

o 

oO 

Os 

o\ 

rfi 

ao3||iq 



q 

CO 

cq 



o 

o 

o 

d 

d 

d 


o 

to 






o 


oo 

00 

oo 



to 

to 


-re 

d 

CO 



cs 

OO 

o 

o\ 



o 


q 


q 

q 






UO 

d 


! rs 

Ov 


r- 

cs 

Os 

mnraojq3 

1 cs 


q 

q 

q 

OQ 

! 00 

oo 

oo 

d 

2 

d 

'v ' ' 







CO 

sa 


oS 

00 


O 


Q 

Q 

p 

P 

P 

P 


c 


d 

d 

, d 

d 




. .12: 


, !2: 



® Samples taken parallel to rolling direction. ^ 

® l~0.06-m. thick strip. 2 — 0.03-in. thick strip. B — Cold- rolled 20 per cent. C — Cold-rolled 30 per cent. D—Cold-rolled40percent- 
1 Cold-rolled and heated 72 hr. at 200 C. and air-cooled. 
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Austenitic Chromium-Nickel and 
Chromium-Manganese-Nickel Steels 

111 the tests just described, the 18 per 
cent chromium steel has been shown to 
possess practical immunity to atmos- 
pheric attack. ' This steel, however, is 
not so adaptable for modern light-weight 


been generally available to support this 
position. For this reason, tests were 
undertaken about five years ago to ex- 
pose t37pical austenitic corrosion-resistant 
steels in the cold-rolled condition to the 
atmosphere at Niagara Falls, N. Y. 

Because high-chromium steels have 


1. Reduced 30 per cent by cold-rolling. 

2. Reduced 30 per cent by cold-rolling, heated 72 hr. at 200 C. and air-cooled. 

3. Reduced 40 per cent by cold-rolling. 

4. Reduced 40 per cent by cold-rolling, heated 72 hr, at 200 C. and air-cooled. 

•Appearance of Earthward Side of Steel E-380 Containing 17,25 per cent Chromium, 7.18 
per cent Nickel, and 0.10 per cent Carbon After 5-yr. Atmospheric Exposure at 
Niagara Falls, N. y., and Cleaning. 
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steels was the tension test method. 
Several grades of cold-rolled austenitic 
chromium-nickel and chromium-man- 
ganese-nickel steels were included in the 
tests. Accordingly, in January, 1941, 
tension test specimens having an 0.5 by 
2.25-in. reduced section machined from 
0.03 and 0.06-in. thick strip were exposed 
at Niagara Falls, N. Y., in wooden test 
racks facing south at an angle of 30 deg. 
from the horizontal. It was believed 
that exposing the actual tension speci- 
mens \¥ould constitute a more severe test 
than exposing sheet panels from which 
to machine tension specimens after con- 
clusion of the test. Exposure of actual 
tension specimens would allow edge 
corrosion to take place, as well as cor- 
rosion of the surfaces, and thereby more 
greatly affect the tensile properties. 
Tension tests were originally made on 
the various steels prior to exposure of the 
test specimens. To evaluate unknown 
effects of aging of the steel, a third set 
of samples was stored in an unheated 
building a short distance from the test 
racks. At the end of 5 yr. the exposed 
samples and the stored samples were 
tested in tension with the results shown 
in Tables II and III. 

When removed from test, these sam- 
ples were covered with an appreciable 
quantity of dirt which was removed with 
soap, w^ater, and a mild cleanser before 
photographing and testing. The steels 
shown in Figs. 4, 5, and 6 are representa- 
tive 17 per cent chromium -7 per cent 
nickel, 18 per cent chromium - 8 per cent 
nickel, and 18 per cent chromium - 5 per 
cent manganese -- 4 per cent nickel steels 
as they appeared when cleaned. After 
cleaning, the steels were examined closely 
for pitting. In some cases, pitting of a 
mild nature was observed that was not 
severe enough appreciably to mar the 
appearance of the cold-rolled surface. 
The samples heat-treated 72 hr. at 200 C. 


and air-cooled after cold rolling behaved 
similarly to the corresponding unheat- 
treated samples. 

It is observed from the tension test 
data that 5-yr. exposure to the industrial 
atmosphere of Niagara Falls, N . Y., has 
not affected the strength or ductility of 
these steels, as the differences noted are 
believed to be within the experimental 
error for the test. The expected error of 
measurement and testing of the speci- 
mens is probably in the vicinity of zt 
4000 to 5000 psi. in the tensile strength 
determination, and hence the test results 

TABLE IV .-EFFECT OF ATMOSPHERIC EXPO- 
SURE ON TENSILE PROPERTIES OF SPOT- 
WELDED COLD-ROLLED COMMERCIAL 18 PER 
CENT CHROMIUM-8 PER CENT NICKEL STEEL, 
Test Location: Niagara Fails, N. Y. 

Exposure Begun: 1935 


Type of 
Sample 

Condition 
of Steel 

Sheet 

Thick- 

ness, 

in. 

Length 
of ' 
Expo- 
sure, 
months 

Beam 

Load, 

lb. 

Strips joined byi 
8 spot welds.. 

Cold- rolled 

0.010 


I960® 

Strips joined by 
8 spot welds,. 

Cold- rolled 

0.010 

12 

19&® 

Corrugated 
strips joined 
by IS spot 
welds 

Cold-rolled 

! 

0.015 


6800® 

Corrugated 
strips joined 
by 15 spot 
welds 

Cold-rolled 

0.015 

12 

6500® 


® Maximum load in pounds. 


cannot be evaluated more closely than 
dictated by these limits. In determining 
the percentage elongation, the error is 
probably within ±0.5 per cent. There 
is, however, another difficulty in that 
fractures which occur outside the middle 
third of the reduced section lead to low 
elongation figures. Inasmuch as only 
single specimens were exposed, check 
tests are impossible in situations of this 
type. 

Further evidence that the austenitic 
corrosion-resistant steels are very resis- 
tant to atmospheric attack was also 
obtained from 12-month exposure tests 
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Before cleaning. After cleaning. Before cleaning After cleaning 

Fig. 7. — Appearance of O.Ol-in. Thick 18 per cent Fig. 8. — ^Appearance of Cold-Rolled 0.015-in. Thick Corrugated 18 per 

Chromium -8 per cent Nickel Steel Strip cent Chromium - 8 per cent Nickel Steel Strip Joined by Fifteen Spot 

Joined by Eight Spot Welds After 12 Months* Welds After 12 Months’ Atmospheric Exposure at Niagara Falls, N. Y. 

Atmospheric Exposure at Niagara Falls, N. Y. 
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when formed parts are service-loaded. 
The strips for the horseshoe-shaped sam- 
ples were machined to f by 3 in. and were 
formed into circular-shaped arcs whose 
distance across the free ends was 2 in. 
Prior to forming, small holes were drilled 
on the center line | in. from each end of 
the strip. After forming, a 25 per cent 
chromium-20 per cent nickel steel wire 
was passed through the holes and ex- 
ternal stress was applied by tightening 
the ware until the curvature of the horse- 
shoe conformed with that of If-in. 
diameter bar. The final type of speci- 
men was prepared as a constant strength 


TABLE V.— MECHANICAL PROPERTIES OF AUSTENITIC CORROSION-RESISTANT STEELS EXPOSED AT 

AMAGANSETT, L. I., N. Y « 

Exposure Begun: 1943 


Steel 

^ Chemical Composition, per cent | 

Condition 

Yield' 

1 Strength 
0.2 per cent 
Offset, psi. 

, Tensile 
' Strength, i 
psi. 

Elongation 

Chro- 

mium 

Nickel 1 

Manga- 

nese 

Silicon 

■ 

Carbon 

in 2 in., 
per cent 

No. H-491 ^ 

16.96 

7.07 

1.12 i 

0.33 ! 

0.12 

b . 

154 000 i 

189 300 

19.5 

No H-194 

17.52 

4.34 i 

5.43 

0.27 

0.12 

& 

164 000 : 

213 000 

19.0 




“ parallel to cold-rolling direction. 

® Cold-rolled 35 per cent to 0.035-in. thickness. 


conducted at Niagara' Falls, N. Y.,, on 
commercially fabricated spot-welded and 
corrugated sections. The test results 
and photographs of the exposed samples 
before and after cleaning with soap and 
water are given in Table IV and Figs. 7 
and 8. These tests indicate that the 
steels were not permanently stained as a 
result of exposure and that their strength 
properties w^ere practically unimpaired. 

Effect of Stress 

Another type of test was also carried 
out on the beach at Amagansett, L. I., 
N. Y., to evaluate the effect of stress on 


the corrosion resistance of the austenitic 
steels when exposed to marine atmos- 
phere. At this location a rack was set up 
at a 30-deg. slope from the horizontal 
facing the ocean and stressed specimens 
of 0.03 to 0.04-in, thick cold-rolled aus- 
tenitic corrosion-resistant steels installed. 
The rack was set approximately 800 ft. 
from the water. Table V contains the 
data on the composition and mechanical 
properties of these steels. The samples 
were stressed in several different ways to 
include specimens stressed in both the 
elastic and plastic ranges. Specimens 
with sheared edges, punched holes, 
Erichsen impressions of 3-mm. to 6-mm. 
depths, 90 and 180-deg. bends around a 
radius equal to three times the thickness 
of the sheet were used as representative 
of plastic stresses. Stressed horseshoe- 
shaped samples were used as representa- 
tive of elastic stresses applied to previ- 
ously plastic-stressed metal, as occurs 



Fig. 9. — Description of Gantilever Type 
Specimen for 0.03 to 0.04-m. 

Thick Sheet. 


cantilever beam stressed by dead loading 
to calculated values of 30,000, 60,000, 
80,000, and 110,000 psi. The dimensions 
of this specimen are shown in Fig. 9. The 
deflection produced by the actual loading 
was maintained during test by a screw 
arrangement. Before exposure, all 
specimens were passivated in 20 per 
cent nitric acid at 65 G. for 30 min. 

After somewhat more than two years 
in test, the samples were removed for 
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inspection. A slight rust film was ob- atmospheric corrosion, as compared with 
served on the specimens at the edges, unstressed samples and unstressed por- 
probably indicating the course of drain- tions of the same samples. Some tiny 
age. This film was easily removed with pits were observed in the samples, but 


Fig. 10.—- Appearance of Punched Holes and Erichsen Impressions (3 to 6-mm. Depth) in 
Coid-Rolled 17 per cent Chromium - 7 per cent Nickel Steel After 2-yr. 

Atmospheric Exposure at Amagansett, L, L, N. Y., and Cleaning. 


soap and water or a mild cleanser. 
Figures 10, 11, and 12 show the samples 
after cleaning in this manner. Exam- 
ination of the samples revealed that none 
of them had been cracked or otherwise 
affected by the combination of stress and 


these were scattered and apparently had 
no relation with the way in which the 
steels were stressed. This pitting attack 
was somewhat greater in the austenitic 
chromium-manganese-nickel steel than 
in the austenitic chromium-nickel steel, 


Binder and Brown on High-Chromixjm Steels 


but in neither case was the appearance 
of the steels appreciably impaired. 

Summary and Conclusions 

This investigation includes data on 
atmospheric corrosion tests made at 
Kure Beach, N. C., Niagara Falls, N. Y., 
and New York, N. Y., showing the in- 
crease in atmospheric corrosion resistance 
obtained by additions of chromium in 
low-carbon steel. These data bring out 


made at Niagara Falls, N. Y., on cold- 
rolled austenitic chromium-nickel and 
chromium-manganese-nickel steels of the 
type used in light-weight construction 
indicate no loss in strength or ductility 
as the result of 5ryr. exposure to this 
industrial atmosphere. Marine atmos- 
phere tests at Amagansett, L. I., N. Y., 
on stressed samples of cold-rolled aus- 
tenitic corrosion-resistant steels indicate 
that stress does not influence the excel- 





Appearance of 90 and 180-deg. Bend Samples and Stressed Horseshoe-Shaped Samples 
of 17 per cent Chromium - 7 per cent Nickel Steel After 2-yr. Atmospheric 
Exposure at Amagansett, L. I., N. Y., and Cleaning. 


that the rate of improvement in atmos- 
pheric corrosion resistance changes at 
about 3 per cent chromium and again 
at about 12 per cent. An addition of 
about 18 per cent chromium is required 
to render the steels virtually stainless 
in the atmospheres tested. In agree- 
ment with other investigations, a dif- 
ference in corrodibility of the three 
atmospheres is observed for steels with 
less than 12 per cent chromium. Tests 


lent atmospheric corrosion resistance of 
these steels. 
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DISCUSSION 


Mr. F, N. Speller.^ — The data pre~ 
sented on 3 per cent chromium steel 
remind me of some unpublished results 
of laboratory and field tests received 
recently in a private communication from 
a well-known French investigator. The 
specimens he had under study contained 
about 1 per cent aluminum with about 2 
and 3 per cent of chromium. Comparison 
was made with soft open-hearth steel 
and copper-bearing steel, but he ap- 
parently did not include chromium steels 
without aluminum. However, the losses 
he reported in atmospheric tests and in 
half immersed and fully immersed tests in 
fresh and salt water were considerably 
less on these chromium-aluminum steels 
under all conditions of exposure. 

The results reported by Mr. Binder 
and from the Kure Beach tests are 
particularly interesting to me as they 
confirm data obtained from a series of 
laboratory tests in 1924 with steels of 


J Metallurgical Consultants Pittsburgh, Pa. 


various chromium contents which indi- 
cated that 2| to 3 per cent chromium in. 
low-carbon steels gave a distinct break 
in the curve.^ This low alloy steel is 
unique in that it shows considerably less 
corrosion than ordinary soft steel or 
copper-bearing steel under both atmos- 
pheric and underwater exposures. 

Messrs. W. O. Binder and C. M. 
Brown {authors^ closure by letter ). — ^It 
is of interest to learn from Mr. Speller 
of the results of certain French inves- 
tigations which compare favorably with 
those given in this paper. Unfor- 
tunately no 2 to 3 per cent chromium 
steels with aluminum were included id 
this work for direct comparison with 
the data mentioned. It is also gratifying 
to know that the corrosion versus chro- 
mium content relationship as set forth 
here is in substantial agreement with 
Mr. Speller’s tests made twenty-odd 
years ago. 

2 F. N. Speller, '^Corrosion Causes and Prevention/*' 
McGraw-Hili Book Co., New York. N. Y. (1935). See 
p. 135. 
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CORROSION-RESISTANT STEEL FOR ARCHITECTURAL AND 
STRUCTURAL APPLICATIONS^ 

By H. A. Groye^ 


; In order to obtain information on the 
behavior of corrosion-resisting steels, 
under conditions of actual service, a 
special committee was formed in 1937 
to inspect several architectural installa- 
tions. The special committee visited 
and inspected the installations at the 
Chrysler and Empire State Buildings in 
New York, N. Y., The Philadelphia 
Saving Fund Society Building in Phila- 
delphia, Pa., and several building fronts 
along the boardwalk at Atlantic City, 
N. J. These were reinspected in 1944 
by the committee, which also examined 
a Budd corrosion-resistant steel train 
which had been in service for several 
years. 

Discussion or Results or Inspections 
Chrysler Building, New York, N. T.: 

During the examination of the corro- 
sion-resistant steel on the Chrysler 
Building, the committee was accom- 
panied on both occasions by the Super- 
intendent of Maintenance for the build- 
ing. . 

The steel on the spire, the committee 
was told, has not been cleaned since 
1930 and, as far as could be ascertained, 
it still appears to be in very good condi- 
tion. The gargoyles have been cleaned 
three times since 1930 and they also are 
in good condition. The stainless- type 
trim around the windows of the store 
fronts on the ground level is washed 

Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Central Alloy District, Republic Steel Corp., Massil- 
lon, Ohio. 


every eleven days at the time the win- 
dows are cleaned. All the corrosion- 
resistant steel on these store fronts is 
cleaned twice a year with a mixture of 
Italian pumice and whiting to remove 
traffic film, while the main entries to the 
building are cleaned four times a \mar. 
All this trim is in a good, condition. 

Locations on two sides of the building 
were examined from the seventy-first 
floor. Inspection revealed that although 
the steel was covered with a dark film 
due to the accumulation of smoke and 
soot, this film could easily be removed 
with the use of a mild abrasive, showing 
the original bright finish beneath. All 
joints and seams had been soldered, and 
after soldering, the flux had been neutra- 
lized with soda. It was interesting to 
note that there was no corrosion as a re- 
sult of stray soldering fluxes. 

The superintendent stated that the 
corrosive conditions are very severe at 
the Chrysler Building, due to the pre- 
vailing southeast wind which blows the 
soot and smoke continuously toward the 
building from the nearby East River 
power plants. 

The corrosion-resistant steel material 
on the Chrysler Building is 18 per cent 
chromium-8 per cent nickel with a No. 
4 finish, corresponding to steel grade 2, 
type 302, finish No. 4 as set forth in 
A.S.T.M. Standard Specifications for 
Corrosion-Resisting Chromium-Nickel 
Steel Plate, Sheet, and Strip (A 167 -44).^ 


2 1944 Book of A.S.T.M, Standards, Part I, p, 479 


610 



Grove on 'Architectural anu Structural Arplications 


611 


An analysis of dirty coating scraped 
off the Chrysler Building above the 
gargoyles was made by the Metropoli- 
tan Refining Co., Inc., which submitted 
the foliowing on the results of the tests: 
carbon (oily soot), 52.1 per cent; sul- 
fates, 29.7 per cent; silica, 10.1 per cent; 
and the remaining 8 per cent was 
mainly organic matter and undetermined 
matter, containing also some chlorides 
and. some, iron. 

Empire State Buildings New York, N, Y.: 

The corrosion-resistant steel spandrels 
on the Empire State Building are of 
grade 1 type 302 steel with a No. 6 
finish (Tampico brushed)^ and extend 
from the sixth floor to the observation 
tower. The building superintendent, 
with whom the committee consulted, 
stated that the stainless-type steel had 
not been cleaned or polished since it 
had been placed in service in 1931, except 
for the original cleaning after the build- 
ing was constructed. At that time the 
building was washed down with pumice 
and ammonia water to remove building 
materials such as plaster, cinders, ce- 
ment, etc. This cleaning operation was 
performed before completion of the 
building and was a regular step in the 
procedure. 

The corrosion-resistant steel mullions 
and vertical strips were examined at the 
sixth floor offset and at the seventy- 
second floor offset. There was no rust- 
ing or staining, but there was a dark 
film present such as that noticed at the 
Chrysler Buildirig. Removal of this 
film disclosed that the original finish of 
this metal was not impaired. 

After the bomber crash in 1945, sec- 
tions taken from the vertical mullions 
and examined by several laboratories 
showed the same dirty film that had 
been noticed at the sixth and seventy- 
second floors. When this film was re- 
moved with cleanser, the surface was 


found to be in as good a condition as 
when the building was erected. 

An analysis of the atmosphere of New 
'York, N. Y., made by the Bell Tele- 
phone Laboratories at the time of the 
1937 inspection was as follows: carbon 
dioxide, approximately 0.04 per cent; 
sulfur dioxide, 0.8 to 2 ppm.; and 
chlorides, trace. 

Results® of exposure of a large number 
of non-ferrous metals and alloys under 
the supervision of Subcommittee VI 
on Atmospheric Corrosion, of A.S.T.M. 
Committee B-3 on Corrosion of Non-Fer- 
rous Metals and Alloys, have established 
that the atmosphere of New York, 
N. Y., is one of the most corrosive in the 
United States, Evidently the usual cor- 
rosion by an industrial atmosphere is 
aggravated by the chlorides present. 

Philadelphia Saving Fund Society Build- 
ing: 

In the Philadelphia Saving Fund 
Building, steel of grade 1 type 302,^ 
with Nos. 4 and 6 finishes, has been used 
as store fronts, marquees, panels in 
entry ways, elevator panels, escalator 
trim, facing of bank vaults, safety de- 
posit rooms, facing for safety deposit 
boxes, and kitchen equipment in the 
bank kitchen. 

The building was opened in May, 
1932. The manager of the building 
stated at the time of the last inspection 
(1944) that he w^as quite pleased with the 
appearance of the corrosion-resistant 
steel and the small amount of mainten- 
ance work that is required to keep it in 
first class condition. The cleaning time 
for outside trim averages approximately 
one man hour per day. An expenditure 
of about $12.00 per year covers cost of 
cleaner and rags for keeping the entry 
way in condition. The corroskm-resist- 
ant steel on the exterior of the building 
around the windows is washed down at 

9 Report of Subcommittee VI on Atmospheric Corrosion 
Tests of Non-Ferrous Metals and Alloys, Proceed mgs, Am . 
Soc. Testing Mats., Vpl. 44, p. 224 (1944). 
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the same time as the windows, which more conducive to corrosion and tarnish- 


keeps it ill good condition. The steel 
used as interior trim, such as panels, 
doors, etc., is. in excellent condition and 
shows no sign of tarnish or corrosion. 

Ailmtiic City Buildings: 

Corrosion-resistant steel has been used 
here on building fronts as window mold- 
ings, niarc|uees, signs, doors, entry-way 
paiieis, and trim. Atmospheric condi- 
tions are quite severe due to the close 
proximity to the ocean and the salt 
spray w4ich is ever present. 

The following store fronts along the 
boardwalk were inspected : Du Pont Ex- 
hibit Building, M, Gettleman, Apollo 
Theater and Regis Restaurant. 

On all store fronts where the stainless 
type steel is cleaned regularly, the metal 
is in fairly good condition. At a height 
above which the window washer cannot 
reach, and where the metal receives no 
cleaning, small pits and some rusting can 
be observed. The depth of the pits was 
of no consequence and there were no 
signs of perforation of the metal. 

On a store front of M. Gettleman, in- 
stalled in 1933, both grade 4 type 430 
(17 per cent chromium) and grade No. 1 
type 302 (18 per cent chromium-8 per 
cent nickel) w^ere included. The 17 per 
cent chromium steel discolored quickly 
and has been replaced by 18 per cent 
chromium-8 per cent nickel type. 
This store was recently examined again 
and found to be badly discolored by 
rust This is chiefly on under surfaces 
where proper drainage cannot occur, thus 
allowing the atmosphere to dry on it. 
The worst rusting has occurred since 
1945, when there was' a .fire in the ad- 
joining building. The manager of M. 
Gettleman plans to have all the corro- 
sion-resistant Steel : cleaned thoroughly 
:this year. 

It was the opinion of the committee 
that conditions at Atlantic City were 


ing of metals than at either New York 
or Philadelphia because of the salt spray 
which is constantly blowing on the build- 
ing fronts. Evaporation permits the 
salt to precipitate, and, if this precipitate 
is not removed within a reasonable time, 
it -results in appreciable staining and some 
shallow pitting. The 18-8, type 302, is 
more suited for applications of this na- 
ture than the 17 per cent chromium, 
type 430. Comparative tests of a variety 
of compositions have shown that the 
chromium-nickel-molybdenum alloy, 
type 616, is even better suited for use in 
marine atmospheres. Best performance 
of any composition will be favored "by 
regular cleaning and by details of con- 
struction that provide proper drainage. 

^‘Stainless^^ Steel Train ^^Crusader:” 

The streamline train Crusader was 
built by the Edward G. Budd Manufac- 
turing Co., Philadelphia, Pa., and oper- 
ates on the Reading Line between Phila- 
delphia and New Y ork. It was inspected 
in the Philadelphia yards, where a thor- 
ough examination of the exterior and in- 
terior revealed no sign of corrosion. The 
under carriage of the train is not cleaned 
and consequently, at the time of inspec- 
tion, was covered with dirt, grease, and 
tar from the road beds. Some of this 
coating of dirt was removed and the 
corrosion-resistant steel beneath it was 
found to be in perfect condition. 

In general, these trains are of spot- 
welded construction, and upon examina- 
tion, these welds showed no staining or 
corrosion in the welds themselves, or in 
areas adjacent to the welds. The interior 
of the train is in excellent condition, 
although it has received no more than 
the regular cleaning that ordinary trains 
receive. It would appear from the ex- 
amination of this train that corrosion- 
resistant steel is well suited for this line 
of transportation. 
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Corrosion-Resistmit Steel Deck Houses: 

Two destroyers^ the Aiwin, coiiimis- 
sioned ia 1934, and the Farragut, com- 
missioned in 1935, were fitted with stain- 
less-type steel deck houses made by the 
spot-welded process of the Edward G. 
Budd Manufacturing Co. This was a 
Navy experiment to save weight by the 
use of very light gages of corrosion- 
resistant steel. These, destroyers have 
been in continuous service for approxi- 
mately ten or eleven years and during a 
great part of the war cruised between 
the Aleutians and Australia, where they 
weathered several typhoons. ' At present 
they have been called home for decom- 
missioning and scrapping within the 
next few months. 

Although the deck houses were con- 
structed primarily of corrosion-resistant 
steel, they contained some sections made 
of both carbon steel and aluminum. All 
of these materials were coated with paint 
for camouflaging. The corrosion-resist- 
ant steel portions of the structures were 
found to be in especially good condition, 
showing no signs of corrosion. 

Several locations throughout the de- 
stroyers were fitted with stainless’^ 
steel, such as door locks, steps, galley 
equipment, etc. In every instance, this 
steel gave a good account of itself. 

Suggested Practice for Decorative 
Installations 

In reviewing the effects of atmos- 
pheric corrosion on store fronts, the fol- 
lowing recommendations are suggested. 

In the development of a satisfactory 
corrosion-resistant steel store front, care 
and judgment should be exercised in 
selecting the proper type of material, 
surface finish, design, and application. 
Surfaces should be vertical, wherever 


possible, to permit easy draining, thus 
avoiding stagnant pools. Ail areas 
should be readily accessible to facilitate 

cleaning. 

As a result of many tests and much 
experimental work, store fronts and 
molding sections are produced from 
sheets or strip, or both. If sheets are 
used, either a No. 4 or a No. 7 finish is 
generally used, which is satisfactory since 
the sheets are ground and polished at the 
miU. -If this surface is* not disturbed 
during fabrication, it is quite suitable 
for service. Particular care should be 
taken in processing. Forming dies 
should be covered with paper or cloth to 
protect the polished surface against 
scratching or iron contamination. If 
strip is used in a rolled molding, as is 
usually the case, the section must be re- 
finished by brushing and buffing or 
polishing and buflhng to produce a sur- 
face clean and bright for outside ex- 
posure. Generally speaking, a good 
brushing with a Tampico brush and grit 
stick, followed by buffing to a high color 
and luster, will produce a very satis- 
factory finish. Buffing alone should not 
be depended upon. 

In some cases, cleaning in nitric acid 
before polishing is desirable, especially 
in perforated sections where the brush or 
buff will not reach all surfaces. 

In designing a store front, drainage and 
cleaning are very important. If the sur- 
faces are mainly vertical, whether plain 
or fancy, they will be exposed to both 
rain and sunshine and will, therefore, be 
subject to natural washing, draining, and 
drying. This will do some cleaning and 
is highly desirable, especially in well- 
elevated areas where frequent cleaning is 
impossible. Recessed areas will not 
benefit by such washing, but will tend 
to collect dirt. 


DISCUSSION 


■„ Mr; €. H. , Sample^ {presented in 
written form ), — Answers to the following 
questions would be of interest: 

1. Was there any evidence of galvanic 
action between the aluminum and the 
.steels? ^ 

2. What was the paint adhesion to 
each of the three materials used for the 
deck housing? 

3. What were the general and relative 
appearances of each of the three mate- 
rials in the deck houses? 

Mr. Russell Franks.^ — I should like 
to have some comments on the possi- 
biliw?' that galvanic effects may have 
influenced .the behavior of the three 
materials combined in the deck houses 
with respect to both general performance 
and the occurrence of any stress 
corrosion. 

Mr. R. B. Gunia.^ — As one of the in- 
spectors of the deck houses in question, I 
can corroborate the statements made by 
Mr. Grove. There was evidence of 
blistering and lack of adherence of paint 
to all three materials. In the absence 
of this protection, certain sections of the 
aluminum sheathing and structural mem- 
bers had suffered much more severe 
damage than might be inferred from Mr. 
Grove’s restrained reference to the “oxi- 
dation” of the aluminum. 

Chairman F. L. LAQuE.^~~The follow- 
ing comments are offered with regard 


1 Chief Engineer, Rheem Research Products, Inc., 
Baltimore, Md. 

2 'Technical Service and Development Dept., Electro 
.Metallurgical Co., Pittsburgh, Pa. 

® Manager, Stainless Steel Bureau, Carnegie-Illinois 
Steel Corn., Chicago, 111. 

^ In Charge of Corrosion Engineering Section, Develop- 
ment and Research Division, The International Nickel 
Co., Inc., New York, N. Y. 


to the questions raised with respect to 
galvanic corrosion. • 

Some investigations have shown that 
“stainless” steels in galvanic couples are 
less damaging to aluminum than other 
corrosion-resistant alloys might be. 
Quantitative data bearing on this point 
will be made available in the results of 
tests being completed currently by Sub- 
committee VIII of A.S.T.M. Committee 
B-3 on Corrosion of Non-Ferrous Metals 
and Alloys. 

It may be noted also that observa- 
tions on magnesium cast around a steel 
core and exposed to a marine atmosphere 
and sea water spray at Kure Beach, 
N. C., have shown that the galvanic 
effect does not extend more than in. 
from the line of contact. Consequently, 
in a structure such as the deck houses 
under discussion, it would be unlikely 
that one of the metals would exert a 
galvanic effect on the others that would 
be observable more than a fraction of an 
inch from the contact. 

Mr. J. T. Mackenzie.^' — ^The paper 
just given by Mr. Mutchler of the Na- 
tional Bureau of Standards showed very 
severe corrosion, both of aluminum and 
magnesium when coupled with “stain- 
less” steel in the atmosphere. If alumi- 
num can be used to protect ordinary 
steel in the ground, it should have an 
even greater effect on “stainless” steel. 

Mr. Carl Buck.®— Mr. Grove spoke 
of the corrosion of “stainless” steel ex- 
terior surfaces of buildings exposed to 

6 Chief Metallurgist, The American Cast Iron Pipe Co., 
Birmingham, Ala. 

6 Metallurgical Engineer, Stainless Steel, Carnegie- 
Illinois Corp., Pittsburgh, Pa. 
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the salt air atmospheres of the shore 
line where these surfaces were inacces- 
sible for cleaning by window washers. 
He stated further that when these ap- 
parently affected surfaces were cleaned, 
there was no evidence of pitting or other 
attack. It occurs to me that the dis- 
coloration of the “stainless’’ steel may 
have been no more than the result of 
iron contamination from super structures 
rather than the result of corrosion of 
the “stainless” steel. I believe that it 
is important that this point be es- 
tablished. 

Mr. H. a. Grove {author ), — So far 
as could be determined, there was no 
galvanic action (either acceleration or 
retardation of corrosion) between the 
metals in the deck houses. Where gal- 
vanized fastenings had been used in the 
“stainless” steel structures (contrary to 
recommended practice) there was some 
discoloration of the “stainless” steel by 
rust bleeding from the galvanized parts. 
In general, the distribution of different 
metals throughout the structure was 
such that significant galvanic effects 
would not have been anticipated. 

While the paint adhered to the gal- 
vanneal better than to the aluminum 
or the “stainless” steel, there was blister- 
ing of paint on all three metals. The 
greater roughness of the galvanneal ap- 
peared to be the principal factor in the 
better adhesion of paint to it. 

The galvanneal showed some rusting, 
while that portion of the aluminum 
which had not been replaced during the 
life of the deck houses showed a certain 
amount of corrosion which might be 
called “aluminum rusting” or “oxi- 
dation.” 

There was no evidence of stress corro- 
sion of either the aluminum or the 
“stainless” steel. 

With regard to Mr. Buck’s question 
with respect to the “stainless” steel on 
the boardwalk store fronts at Atlantic 


City, it should be noted that corrosive 
conditions are exceptionally severe with 
respect to “stainless” steels or other 
materials attacked by chlorides. In 
some cases, as Mr. Buck suspected, the 
discoloration of the “stainless” steel 
evidently was due principally to bleeding 
of rust from ordinary steel structural 
members located above the “stainless” 
steel or backing it up. 

In other instances, there were oppor- 
tunities for accumulation of pools of 
salt water in undrained crevices. Like 
other materials, including glass, “stain- 
less” steel should be cleaned at regular 
intervals. Even glass is subject to at- 
tack by corrosive atmospheres if left 
uncleaned. Wherever “stainless” steel 
was used along the boardwalk where it 
was not, or could not be, cleaned at 
regular intervals, it showed some 
corrosion. 

Mr. S. B. Ashkinazy.*^ — I should like 
to ask the several authors what their re- 
action is in regard to the need for passiva- 
ting the straight chromium type of “stain- 
less” steels. There seems to be some 
difference of opinion as to the need for 
passivating a straight chromium type of, 
“stainless” steel due to the fact that it is 
expected to tarnish anyway on exposure, 
whereas in the austenitic type, one of 
the functions of passivating is the re- 
moval of any foreign matter that may 
have lodged in the steel which might be 
the start of tarnishing and corrosion. 

Mr. I. V. Williams.® — I have pretty 
definite personal feelings on this subject. 
I do not believe that passivation on a 
straight chromium “stainless” steel does 
any good. In most of my experience it 
is definitely harmful, particularly if the 
parts so passivated are to be used in any 
kind of a bearing surface. My own ex- 
perience has been that parts which are 


7 Material and Process Standards Supervisor, Sperry 
Gyroscope Co., Inc,, Great Neck, N. Y. 

8 Bell Telephone Laboratories, Inc., New York, N, Y. 
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mach.ined under normal machine shop 
.operations are much better off if they are 
left as, they co.m,e from the machine with 
a slight film of oil on them than they 
are if they are passivated, both as to the 
effect on the corrosion resistance and 
most certainly as to the effect on wear' 
resistance which ' might occur later. W e 
have had' a, lot of trouble with that. 

Mr. Ashkinazy. — Our own practice 
at Sperry is that we passivate only the 
austenitic type of ^%tainless’^ steel and 
do not passivate the straight chromium 
type. Every once in a while some en- 
gineer will ask why we do not passivate 
the straight chromium type. It makes 
it rather difficult when steel companies 
put out literature showing the type of 
bath to be used and actually recommend- 
ing passivation of the straight chromium 
type of ^‘stainless’’ steel. I do not recall 
whether it is Allegheny Ludlum or some 
other firm that has recently sent out 
additions to their technical manual 
recommending that the straight chro- 
mium type ‘^stainless” steel be pas- 
sivated. , 

Mr. Franks. — I should like to answer 
just one question. I think that these 
remarks should be tempered by the ques- 
tion of chromium content. I will agree 
that if the steel contains as much as 20 
or 25 per cent chromium there may or 
may not be any necessity for treating it 
with nitric acid to remove impurities, 
but I am quite certain that the twelve 
per cent chromium steel will rust unless 
the iron contamination is removed. 

We have encountered this problem in 
preparing such articles as files for taking 
care of finger nails, and other kinds of 
^^tainless’t steel instruments. These 
hardened and tempered “stainless” steel 
articles have rusted while in storage or 
when put into stock for sale. So, I 
think what you say is fine if you will 
define the amount of chromium you are 
, talking .about. 


Mr. Williams.— I was talking almost 
entirely of the. type 410 and type 420' 
“stainless” steel. I do not know why, 
but my experience has been exactly the 
opposite to yours. The passivated type 
410 “stainless” steel has- actually rusted 
over night. In fact, in one case where 
we had to present it, to the Navy In- 
spector, it was good in the evening when 
we passivated it and the next morning 
when we took it to show it to him, it 
was rusty. 

Mr. Franks. — How much nitric acid 
did you use to passivate it? 

Mr. Williams. — I do not know. It 
was passivated in the shop. 

Mr. Franks. — That is where the 
trouble is, because the type of passivat- 
ing treatment is important. If you use 
a relatively mild passivating agent just 
to remove oil or dirt without disturbing 
the polished or machined surface, you 
will find the results are very much 
different. 

Mr. Buck. — The word passivating, in 
my opinion, has been somewhat 
maligned. A belief which I support is 
becoming more commonly accepted — 
that if a “stainless” steel surface is chemi- 
cally clean, regardless of whether this be 
accomplished by nitric acid or other ap- 
propriate media, exposure to air following 
cleaning provides optimum corrosion 
resistance. 

Mr. Grant L. Snair.® — I should agree 
with Messrs. Franks and Buck on that 
score. I believe a so-called passivating 
solution of dilute nitric acid acts merely 
as a cleaning agent to remove foreign 
matter from surfaces of steel rather than 
to impart a passivating effect to the 
steel. All of our specimens for atmos- 
pheric corrosion tests were thoroughly 
cleaned before exposure. Some of them 
were passivated by treatment with a 10 
per cent nitric acid solution. We found 

* Research Chemist. Allegheny Ludlum Steel Corp., 
Brackenridge, Pa. 



617 


Discussion on Architectural and Structural Applications 


there was no difference in' the resistance 
to corrosion offered by the passivated 
and nonpassivated specimens. 

Mr. H. S. RAWDONd°“-~May I just 
add a word to what Mr. Franks has said. 
Some years ago at the National Bureau 
of Standards we were called in by the 
Treasury Department having charge of 
Fort Knox, ' The walls there, where all 
the gold of the country is stored, are 
made of ^ ^stainless” steel. They were 
having trouble with them as to corrosion 
and did not know what to do. It 
turned out they had not attempted to 
clean them at all. A slight acid cleaning 
was all that was necessary to render them 
perfectly ^^stainless.^’ 

Mr. Franks. — I should like to add one 
thing. In this particular instance which 
I referred to, we found that a simple low- 
temperature heat treatment after the 
article was cleaned was sufficient to 
develop the continuous film, which Mr. 
Buck spoke about and which helped the 
steel materially. 

Chairman LaQue. — I suspect that in 
a reasonable amount of time this film 
will form upon exposure to the atmos- 
phere. To supplement remarks already 
made by these gentlemen, I should like 


10 Chief, Division of Metallurgy (Retired), National 
Bureau of Standards, Washington, D, C. 


to remind you that during the past couple 
of years, at the request of our Com- 
mittee A-10' on Iron-Chromium, Iron- 
Chromium-Nickel and Related , Alloys, 
we made a survey of current practices 
and recommendations with respect to 
the passivation of ^‘stainless^^ steel. 
Those have been circulated among the 
industry at least three or four times. 
Apparently they are now satisfactory to 
every one and the summary of the pres- 
ent state of the art of passivation, the 
reasons for it, and the technique for 
doing it, will be found in the 1946 report 
of Committee A-10.^^ 

With regard to Mr. Williams’ state- 
ment and in connection with the func- 
tioning of this passivated “stainless” 
steel, at the time the question originally 
came up, there was some suspicion at 
that time that the particular acid treat- 
ment used was causing some superficial 
etching of the straight chromium “stain- 
less” steel. Subsequently it came out 
that by proper manipulation of the 
composition of passivating solutions and 
the supplementary use of chromates or 
dichromates, that superficial etching 
could be avoided and perhaps we can be 
satisfied as Mr. Franks said if the proper 
acid bath is used. 


11 This volume, p. 171. 



ATMOSPHERIC CORROSION TESTS OF CORROSION-RESISTANT 

STEEL WIRES* 

By A, P. Jahn^ 


This paper presents the nature and the 
results of the atmospheric corrosion tests 
on wire and wire product specimens of 
corrosion-resistant steel after exposure 
for about nine years at test sites of 
various types, including severely indus- 
trial, mildly industrial, seacoast, and 
rural. These tests are part of a larger 
test on bare steel, zinc-coated steel, lead- 
coated steel, copper-covered steel, and 
corrosion-resistant steel wires and wire 
products contributed by Subcommittee 
VIII on Field Tests of Metallic Coatings 
of Committee A-5 on Corrosion of Iron 
and Steel. 

Specimens of unfabricated wire and of 
farm field fence, made from the following 
alloys of corrosion-resistant steel are 
being tested: 

Group A . — 12 to 14 per cent chromium, 

0.12 per cent carbon (maximum), air 
quenched, tempered to HOOF., cold 
drawn to approximately 140,000 psi. 
tensile strength. 

Group B , — 12 to 14 per cent chromium, 
0.12 per cent carbon (maximum), drawn 
to finished size, then air quenched to 
approximately 175,000 psi. tensile 
strength. 

Group C , — 18 per cent chromium, 8 per 
cent nickel, 0.12 per cent carbon (maxi- 
mum), cold drawn to approximately 
300,000 psi. tensile strength. 

Specimens of 14-gage chain-link fence 
of the 18 per cent chromium-8 per cent 
nickel steel, are also under test. 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

Bell Telephone Laboratories, Murray HiE, N. J. 


Table I shows the location and the 
nature of the specimens involved, and 
Table II shows the detail data of the 
specific lots of wire from which the 
specimens were made. 

The effect of corrosion on specimens is 
being measured by the following: 

1. Visual examination at the test loca- 
tions either semiannually or annually, 
depending on the corrosiveness of the 
test site atmosphere. Inspection records 
are qualitative descriptions prior to the 

TABLE I.-OUTLINE OF EXPOSURE TESTS. 


Number of Specimens 
Exposed 


Exposure Sites 

Un- 

fabri- 

cated 

Wires® 

Farm 

Fence 

Chain- 

Link 

Fence 

Pittsburgh, Pa 

70 

none 

1 

Sandy Hook, N. J 

70 

none 

1 

Bridgeport, Conn 

70 

3 

1 

State College, Pa 

70 

3 

1 

Ithaca, N. Y ! 

70 

3 

1 

Lafayette, Ind 

70 

3 

1 

Ames, Iowa 

70 

3 

none 

Manhattan, Kans 

70 

3 

none 

College Station, Tex 

70 

3 

none 

Davis, Calif 

63 

3 

1 

Santa Cruz, Calif 

63 

3 

i 


® Also referred to as tensile strength specimens. The 
70 (or 63) specimens are made up of 7 specimens each of 10 
(or 9) wire lots. The seven constituting each lot are alike 
in composition, preparation, and gage. 

time of rusting and quantitative estima- 
tions after the appearance of rust or 
rust-like corrosion products. 

2. Tension tests on the unfabricated 
wire specimens. These are specimens 
exposed in groups of seven comparison 
samples taken from the same lot of wire. 
An attempt is made to remove and test 
the first specimens of each heptad when 
it has lost some 5 to 10 per cent of its 
original strength. 
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TABLE IL— UNCOATED CORROSION-RESISTANT STEEL WIRE SPECIMEN LOTS. 

Exposed for Atmospheric Corrosion Test (A.S.T,M. Subcommittee VIII of Committee A-5) 


Wire Lot" 

Diameter, 

in. 

Gage 

Breaking 

Tensile 

Strength, 

Elonga- 
tion in. 

Chemical Analysis of Bare Metal 





psi. 

per cent 

C 

N 

Mn 

Cr 

Si 

No. 001^.........,.. 

0.105 

12 

1230 

141 800 

3.0 

0.08 

0.26 

0.32 

12.50 


No. 004. 

0.148 

9 

2420 

140 700 

3.5 

0.08 

0.26 

0.32 

12.50 


No. 005. 

0.053 

17 

320 

140 200 

2.1 

0.08 

0.26 

0.32 

12.50 


No. 002'^ 

0,098 

12| 

1310 

174 700 

4.2 

0,07 

0,26 

0.32 

12.50 


No. 006 

1 0.135 

10 

2480 

173 100 

4.0 

0.07 

0.26 

0.32 

12.50 


No. 007 

1 0.047 

18 

280 

163 700 

4.7 

0.07 

0.26 

0.32 

12.50 


No. 003^.. 

0.073 

15 

' 1280 

304 800 

0.5 

0.06 

8.73 

0.31 

18.70 


No. 008... 

0.106 

12 

2510 

285 600 

2.3 

0.06 

8.73 

0.31 

18.70 


No. 009. 

0.035 

20 

290 

290 000 


0.06 

8.71 

0.31 

18.70 


No. 015........ 

0.081 

14 

1250 

240 400 

Q.k 

0.18 

9.10 

0.55 

18.70 

o!40 


® Group A.— Wire Lots Nos. 001, 004, and 005 are 12 to 14 per cent chromium, cold drawn. 
Group B. — ^Wire Lots Nos. 002, 006, and 007 are 12 to 14 per cent chromium, air quenched. 
Group C. — ^Wire Lots Nos. 003, 008, 009, and 015 are 18 per cent chromium-8 per cent nickel. 
Also exposed on all wires of farm field fence of the same number. 


TABLE III.— REPORTS OF INSPECTIONS OF UNFABRICATED WIRE SPECIMENS. 


Abbreviations and symbols used to designate appearance or states of corrosion: M = metallic; G = gray; Y *= yellow; 
R ss rust; D =« dark (dirt or soot); MG = intermediate between M and G; GY == predominately gray, but showing indi- 
cation of y ; SY or SR indicates respectively superficial Y or R. 


Location" 

^ample 

Appearance for Various Approximate Periods of Exposure 


Group" 

lyr. 

2yr. 

Syr. 

4yr. 

Syr. 

6 yr. 

i 7yr. 

8 yr. 

9 yr. 


A 

G 

G 

GY 

GY 

GY 

D 

D 

D 

D 

Pittsburgh, Pa 

B 

MG 

G 

G 

GY 

G 


i 

D 

D 


C 

1 M 

M 

M 

MG 

M 

D 

o 

D 

D 


I A 

Y 

Y 

GY 

Y 

Y 

y 

' y 

Y 

Y 

Sandy Hook, N. J 

' B 

GY 

GY 

GY 

y 

Y 

y 

! Y 

Y 

Y 


C 

M 

M 

M 

M 

M 

M 

1 M 

G 

G 


A 

MG 

G 

G 

G 

G 

GY 

G 

G 

Y 

Bridgeport, Conn 

B 

MG 

MG 

MG 

MG 

MG 

G 

G 

G 

GY 


C 

M 

M 

M 

M 

M 

M 

MG 

MG 

MG 

State College, Pa 

A 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Lafayette, Ind 

B 

M 

M 

M 

M 

M 

M 

M 

M 

M 


C 

: M 

M 

1 M- 

M 

M 

M 

M 

M 

M 

Santa Cruz, Calif 

, A 

SR 

SR 

SR 

SR 

SR 

SR 

SR 

SR 

SR 

Davis, Calif 

1 B 

SR 

SR 

SR 

SR 

SR 

SR 

SR 

SR 

SR 

College Station, Tex 

1 C 

M 

M 

M 

M 

M 

MG 

: MG 

MG 

MG 

Manhattan, Kans.. 

! A 

M 

MG 

MG 

MG 

MG 

MG 

t MG 

MG 

MG 

Ithaca, N. Y. 

I B 

M 

MG 

MG 

MG 

MG 

MG 

1 MG 

MG 

MG 


C 

M 

MG 

M 

M 

M 

M 

M 

M 

M 


A 

SY 

SY 

SY 

SY i 

SY 

SY 

SY 

1 SY 

SY 

Ames, Iowa. 

B 

MG 

MG 

M 

M i 


M 

SY 

! SY 

SY 


C 

M 

M 

M 

M , 

M 

M 

M 

SY : 

SY 


f Where two or more locations are grouped together, all the data refer to each location individually. ^ 

^The group A, B, or C each includes all the wires of that particular alloy. There were not sufficient differences 
among wires of the same group to warrant individual reporting. . 

Group A.— Wire lots Nos. 001, 004, and 005—12 to 14 per cent chromium, cold drawn. 

Group B.— Wire lots Nos. 002, 006, and 007—12 to 14 per cent chromium, air quenched. 

Group C.— Wire lots Nos. 003, 008, 009, and 015—18 per cent chromium-8 per cent nickel. 


Uneabricated Wire 
Up to the present time (9 yr. of ex- 
posure) no marked corrosion of the wires 
has been noted. In general, the 18 per 
cent chromium-8 per cent nickel wires 


retained their metallic luster. The 12 
to 14 per cent chromium t 3 ^es have 
shown some discoloration or yellowing 
or rust spotting, but it was superficial in 
all cases. In Table III are listed the 
reported results of the annual visual 
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exanainations. . These results have been 
siimmarized from the more detailed data 
published in the Committee A-5 reports.^ 

The reports of superficial yellowing 
(SY) or superficial rusting (SR) appear- 
ing in Table III, or in other parts of this 
paper, for the Santa Cruz, Davis, and 
Ames locations should not be currently 
interpreted as definite evidence that these 
locations are corrosive ones or that our 
corrosion-resistant wires are undergoing 
significant deterioration. Inspections at 
these college sites are made by the resi- 
dent college faculty people — a service 
much appreciated by Committee A-S. 
Their descriptions of what they observe 
are entirely reasonable, but these descrip- 
tions may not be identical with those of 
our A-S itinerant inspectors who work 
together in inspecting several sites in the 
northeast section of the United States. 

During the period of the test two 
specimens of each wire lot were removed 
for tension tests. These were taken from 
the Pittsburgh site, the most corrosive 
test site. One set of wires was taken 
after 4.9-yr. exposure and the other set 
was tested after 8.5-yr. exposure. None 
of the wires from either set showed any 
significant change in tensile strength or 
in elongation from its original condition 
at the start of the exposure test. 


2 Report of Wire Inspection Committee on Field Tests 
of Wire and Wire Products, Report of Committee A-S, 
Proceedings^ Am. Soc. Testing Mats., Vol. 45, p. 70 (1945) ; 
VoL 43, p. 78 (1943); Vol. 41, p. 101 (1941); Vol. 39, p. 101 
(1939); Vol, 37, Part I, p. 117 (1937); Vol. 34, Part I, p. 159 
(1934). 


Farm Field Fence 

Group A cold drawn specimens and 
group B air-quenched specimens of 12 to 
14 per cent chromium' appeared about 
the same, with a slight advantage from 
an appearance standpoint in favor of the 
air-quenched specimens. The nine 
years’ inspection records for farm field 
fence No. 001 (cold drawn) ; and farm 
field fence No. 002 (air-quenched) are 
summarized below: 

Bridgeport . — ^Metallic or metallic gray 
first year, progressing to grayish yellow 
at 9-yr. exposure. 

State College and Lafayette . — ^Metallic 
or metallic gray throughout the test. 

Ames^ Manhattan^ and Ithaca. — Super- 
ficial yellowing reported after 3-yr. 
exposure. 

Santa Cruz, College Station, and Davis. 
— Superficial rusting reported in first 
year and at all subsequent inspections. 

Group C specimens of farm field fence 
made of 18 per cent chromium-8 per 
cent nickel (No. 003) were reported 
metalhc or metallic gray at all locations 
throughout the test, except for superficial 
yellowing at College Station after 3-yr. 
exposure. 

Chain Link Fence 

The 18 per cent chromium-8 per cent 
nickel specimen retained its metallic 
luster throughout the test at all locations, 
except that at Pittsburgh the specimen 
was black with soot after 6-yi. exposure. 



CORROSION-RESISTANT STEEL SHEET IN MARINE ATMOSPHERES* 

By WiLLAm) MnxcHXER ^ 


Synopsis 

Thin corrosion-resistant steel sheets were exposed to the weather for periods 
up to three years, in marine atmospheres, at Hampton Roads, Va., Kure 
Beach, N. C,, and Chapman Field, Fla. Information was obtained regarding 
some effects upon the corrosion of factors such as (1) the presence of small 
quantities of stabilizing elements in steels containing approximately 18 per 
cent of chromium and 8 per cent of nickel, (2) locality of exposure, (3) shot- 
welding, (4) surface finishes and treatments, and (5) contact with light metal 
alloys. Some data are also contained which reveal the behavior of duplicate 
panels exposed intermittently or continuously in sea water. 

Flexural fatigue tests were used to evaluate the corrosion damage and re- 
vealed that the most rapid corrosion occurred during the first 6 months of 
exposure, and that thereafter the rate of attack was much slower. Most of 
the alloys investigated behaved similarly and usually varied less than ± 3 per 
cent in their mean loss in fatigue limits. Steels containing molybdenum as a 
stabilizing element were much less susceptible to formations of surface rust on 
weathering than any of the others investigated. 


The investigation which forms the 
basis of this paper was conducted by the 
National Bureau of Standards under the 
sponsorship of the National Advisory 
Committee for Aeronautics, the Army 
Air Forces of the War Department, and 
the Bureau of Aeronautics of the Navy 
Department. These agencies were in- 
terested primarily in the corrosion of 
thin corrosion-resistant steel sheets for 
use in aircraft likely to be exposed to 
marine atmospheric conditions, or to be 
wetted frequently with sea water. The 
sponsors, with the cooperation of manu- 
facturers, selected the steels for testing, 
specified the methods used for evaluating 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Metallurgist, National Bureau of Standards, Wash- 
ington, B. C. (Now deceased.) 


the damage from corrosion, and are 
publishing^ the results in detail else- 
where. 

The principal objective was to estab- 
lish the relative resistance to corrosion 
of chromium-nickel alloy steels of the 
18-8 type with and without small addi- 
tions of. molybdenum, coiumbium, and 
titanium as alloying elements. Informa- 
tion also was desired on the effect of 
locality of exposure, of shot-welding, of 
various surface treatments and finishes^ 
and of contact with dissimilar metals. 

Materials and Methods of. Testing 

The majority of the 0.018-in. thick 
sheets (Table I) were bright cold-rolled 
to tensile strengths between 150,000, 

2 Willard Mutchler, ‘‘Marine Exposure Tests on Stain- 
less Steel Sheet,” Technical Note No. 109S, Nat, Advisory 
Committee for Aeronautics, 1946. 
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and 2 OO 5 CXX) psi.j and were passivated 
in nitric acid. The ' exposure panels, 
each 14 in. long and 4 in. wide, were 
prepared by the cooperating manufac- 
turers. The shot-welded panels, type A, 
(Fig. 1) were assembled from three sec- 
tions, each with an overlap of Ifin. on 
which was a double row of four welds 


The- National Bureau of Standards 
exposure racks are located at the U. S. 
Naval Air Station, Hampton Roads, 
Va., an area representative of a tem- 
perate climate with marine conditions. 
While the present tests were in progress, 
it was twice necessary to change the 
site of the racks within the Naval Station, 


TABLE I.— PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE STEEL SHEETS. 


Designation® 

Thick- 

ness, 

in. 

Surface 

Finish^ 

Expos- 

ure® 

Chemical Composition, per cent 

Chro- 

mium 

Nickel 

Carbon 

Man- 

ganese 

Silicon 

Sulfur 

Phos- 

phorus 

Other 

Elements 

A-!..' 

0.017 

2-B 

1 

19.99 

9.82 

0.09 

0.49 

0.271 

O.OIO 

0.019 



A-S'^ 

0.016 

4 

2 

18.72 

8.68 

0.06 

0.54^^ 

o.se'? 

0.008'? 

0.018'? 



A-9 

0.020 

2-B 

2 

17.82 

8.25 

0.118 

0.52 

0.39 

0.014 

0.017 



A-14 

0.021 

2-B 

1 

17.5 

7.35 

0.11 

0.59 

0.38 





A-J5 

0.060 

2-B 

4 

17.48 

8.28 

0.10 

0.50 






B-1 

0.018 

2-B 

1 

17.91 

11.08 

0.08 

1.41 

0.364 

0.006 

O.QIS 

Mo 

3.67 

B-2 

0.051 ! 

2-B 

3 

18.80 

13.70 

0.07 

1.68'? 

0.29'? 

0.014^ 

0.008*? 

Mo 

3.60 

B-3® 

0.023 ! 

2-B 

2 

19.00 

13.74 

0.05 

1.52 

0.60 


0.008 

Mo 

3.40 

B-7 

0.063 

2-B 

3 

17.79 

10.72 

0.05 

1.27'? 

0.34^ 

0.012'? 

0.011'? 

Mo 

2.70'? 

C-l........... 

' 0.018 

2-B 

1 . ■ 

17.56 

9.12 

0.07 

0.41 

0.463 

0.008 

0.015 

Ti 

0.50 

C-5 

0.2 


5 

i 

19.09 

9.15 

0.05 

0.39 


0.015 

0.010 

Ti 

0.29 

D-1^. 

0.031 

2-B 

1 i 

18.40 

8.56 

0.08 

0.50 

0.47 

0.020'? 1 

0.010'? 

Cb 

0.79 

D-5 

0.018 

2-B 

1 i 

17.84 

9.90 

0.08 

0.46 

0.200 

0.007 

0.015 

Cb 

0.53 

E 

0.018 

1 

1 1 

17.70 

1.62 

0.08 

0.72 

0.518 

0.021 

0.012 



F 

0.063 

2.B 

4 

18.3 

4.1 

0.07 

3.95 







® The various steels were prepared and supplied by cooperating firms, namely, the American Steel and Wire Co., the 
Carnegie-Illinois Steel Corp., The International Nickel Co., the Sharon Steel Corp., the Republic Steel Corp., and the 
Edward G. Budd Manufacturing Co., which also cooperated by preparing most of tne shot-welded panels. 

** These commercial finish designations signify: (1) pickled, (2-B) bright cold-rolled, (4) standard polish (architec- 
tural), ground (6) tampico brush, and (7) high luster. Finishes 6 and 7 were applied to a steel having essentially the same 
chemical composition as steel A-9. The steels were all passivated by immersion in 20 per cent nitric acid at about 60 C. 
for 30 to 60 min. 

® 1, Exposed to tidewaterand weather at Hampton Roads, Va. in June, 1938. Withdrawals made from weather racks 
after 7|, 24, and 36 months; from tidewater racks after 7^, 12, 2^ and 36 months of exposure. 

' 2. Eroosed simultaneously to weather and sea water at Hampton Roads, Va., Kure Beach, N. C., and Chapman 
Field, Fla., in October and November, 1940. Withdrawals made after 6 months at all localities, and after 12 
months at Hampton Roads and Kure Beach. 

3. Exposed to tidewater and weather in June, 1938, at Hampton Roads and removed after 36 months. 

4. Exposed to weather at Kure Beach in November, 1941, and withdrawn after 12 months. 

5. Exposed to weather at Hampton Roads in May, 1942, and withdrawn after 12 and 36 months, in the form of R. R. 

Moore fatigue specimens, cut from S/S-in. rod. Specimens were successively polished on 1/0, 2/0, 3/0, and 4/0 
emery paper and then were passivated for 1 hr. in a 20 per cent solution of nitric acid, by volume, at 60 C. 

® Annealed; ultimate strength, 100,000 psi.; other steels, unless otherwise indicated, were cold-rolled, with tensile 
strengths from 150,000 to 200,000 psi. 

^ In the l-hard condition; ultimate stiength, 122,000 psi. 

Heat-aged, probably from 8 to 72 hr. at 440 F., to an ultimate strength of 180.000 psi. 

^ Ladle analyses; all others represent the manufacturer's check analysis on the billets. 


I in. apart. The faying surfaces were 
usually protected with petrolatum pastes 
containing aluminum or copper powders. 
On type B panels having dissimilar 
metals in contact, the main sheet was 
sandwiched between the two dissimilar 
alloy strips, which were 1 by 4 in., and 
were joined to it by four rivets. The 
ratio of the area of the main sheet to 
the strips was 7: 1 for each combination. 


owing to wartime building expansions. 
During the first 2| yr. of exposure, from 
June, 1938 , to October, 1940, the racks 
were situated in an inlet of semi-brack- 
ish water named Boush Creek. The 
weather racks were directly over the 
water (Fig. 2 (a)), with the panels 6 to 
11 ft. above mean tide level, and sus- 
pended at an angle of 45 deg. During 
periods of storm or high winds the under 
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surfaces occasionally were wetted with 
spray. A branch railway, about | mile 
distant, caused light deposits of soot 
on the skyward surfaces. The tide- 
water exposure racks adjoined the 
weathering unit. The panels in tide- 
water were suspended vertically in the 
middle of the tide range, so that they 
were immersed at high tide and out of 


Fig. 1. —Types of Panels Used for Determining 
the Corrosion of Shot-welds, or of 
Dissimilar Metals in Contact. 

The over-all dimensions of the panels were 4 by 14 in. 
The type A panels were shot-welded and the type B panels 
had the dissimilar metal strips riveted to the large sheet. 

water at low tide for approximately 
5-hr. periods twice daily. 

In 1940 the racks were moved to a 
lagoon (Fig. 2(t;)), where the weather 
unit was on land, approximately 25 ft. 
from the sea water, and sheltered 
somewhat by a high earth embankment 
SO ft. to the rear. The lagoon was a 
small inlet, near the mouth of Chesa- 
peake Bay. It was at this period that 
some panels were simultaneously exposed 
at Chapman Field, Fla., with the co- 


operation of the Army Air Forces, and 
at Kure Beach, N. C. (Fig. 2(^)) with 
the cooperation of The International 
Nickel Co. The weather racks at these 
stations were located 25 to 40 ft. inland, 
facing the ocean. 

Methods oe Evaluating Corrosion 

The methods most frequently used to 
evaluate the corrosion consisted of (1) 
visual examinations, and (2) determina- 
tion of the approximate fatigue limits 
on the steels before corrosion and after 
exposure for different lengths of time. 
The latter method, previously described,^ 
entailed the use of flexural fatigue testing 
machines of the fixed deflection (con- 
stant strain) type, developed by G. N. 
Ejrouse for sheet (Fig. 3). Twelve 
specimens for test were cut from each 
panel in the direction of rolling. The 
value selected for the fatigue limit was 
the maximum stress at which no failure 
occurred in at least two ‘Vuns” of 10,- 
000,000 cycles or more. The machines 
operated at approximately 2,500,000 
cycles in 24 hr., and the fatigue failures 
on most of the corroded specimens 
occurred in much less than 2,000,000 
cycles. 

Tension tests were used to a limited 
extent for evaluating the corrosion, as 
was also a method entailing the prepa- 
ration of a plastic replica of the surface, 
developed at the National Bureau of 
Standards,'^ to determine the degree of 
surface pitting. 

Results of Tests 
Efect of Periodic Cleaning: 

The panels in the exposure racks at 
Hampton Roads were inspected approxi- 

»W. H. Mutchler and J. A. Kies, ** Fatigue Tests as a 
Means of Evaluating Corrosion of Sheet Metals,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 42, p. 568 (1942). 

K. Herschman, Evaluation of the Finish of a 
Metal Surface by a Replica Method,” Journal of Research, 
Nat. Bureau Standards, Vol. 34, p. 25 (1945) (RP 1625); 
Mechanical Engineering, Vol. 67, p. 119 (1945). 
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(d)™Tlie present exposure racks at Hampton Roads. 
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mately every 3 montlis. Areas of thin 
superficiai, but adlierent, rust usually 
appeared during the first month of 
exposure on the weather specimens. 
Within a few months, the rust covered 
the panels more or less uniformly and 
gradually became thicker with pro- 
longed exposure,' The rust was always 


At intervals of approximately 6 
months, some of the panels were polished 
to remove the rust with a paste-type 
cleaner containing a grit, which left a 
water-repellent wax film on the metaL 
Minute pits were observable under most 
of the rusted areas after such cleaning. 
The cleaning did not prevent corrosion, 
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Corrosion Period, Months 

-Results of the Flexural Fatigue Tests on the Steels Exposed to the Weather at the Boush 
Creek Site, Showing the Approximate Endurance Limits Obtained after Various 
Periods of Exposure, 


present in greater quantity on the 
earthward surfaces. At the end of the 
third year, the rust was still relatively 
thin on the panels with initially polished 
finishes, and could be removed by the 
application of a suitable metal cleaner 
and polisher. Panels exposed in the 
tidewater seldom rusted. 


but did retard the rate at which rust 
formed. A periodically cleaned panel 
exhibited less rust during the last 6 
months of a 36-month test than did a 
similar panel, not cleaned, after its 
initial 6 months of exposure. 

Ejffect of Chemical Composition: 

The panels initially exposed at Hamp- 
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ton Roads in 1938 (Table I, footnote c, sec- 
tion 1) included the following: 


Steel 

Nominal Composition, per cent 

Chromiiim 

i 

Nickel 

Other 

Elements 



20 

10 


A-14 

17.5 i 

7.5 ' 


B-1 

18.0 ! 

11.0 ; 

Mo 3.7 

C-1 

17.5 

9.0 

Ti 0.5 

D-l 

18.0 1 

8.5 

Cb 0.8 

D-5. 

18.0 

10.0 

Cb 0.5 

E....... 

18.0 

1.5 



The inspections of these panels con- 
sistently revealed that steel B-1, con- 
taining molybdenum, was very much 
less rusted than the others (Fig. 4). 
Steel E, which had a pickled surface 
finish, exhibited the most rust. The 


others were intermediate in appearance 
and too similar to permit of reliable 
differentiation. 

The following data, obtained by the 
plastic replica method,^ agree well with 
the results from other methods and 
indicate that this procedure may prove 
of value in determining the degree of 
surface roughness and pitting. The 
higher the values, given in millivolts 
X the greater the surface roughness. 


Steel 

Uncor- 

roded 

Weathered 

36 months at 
Hampton 
Roads 

Increase 

A-1 

6.7 

41.0 

34.3 

D-5 

8.5 

23.2 i 

14.7 

B-l 

12.2 

15.2 

3.0 
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The data from the fatigue tests are 
plotted to reveal the approximate en- 
durance limits (Fig. 5) and to permit a 
direct comparison of the alloys of differ- 
ent chemical compositions (Fig. 6). 
These data reveal that most of the cor- 
rosion occurred during the first 6 months 
of exposure and that thereafter the rate 
of attack was much slower. Although 
the steels containing additions of mo- 
lybdenum and titanium are shown to be 
somewhat more resistant to corrosion 
than the others, it should be noted that 
the average variation in the percentage 
of loss in the fatigue limits was only 


limit was therefore of the same order as 
for the sheet specimens. 

On a few samples only, a direct com- 
parison was made between the loss in 
tensile properties and the loss in endur- 
ance limits resulting from corrosion. 
Two steels, tested cooperatively with 
The International Nickel Co., and desig- 
nated A-15 and F (Table I, footnote 
section 4) were exposed to the weather 
for 1 yr. at Kure Beach, N. C., approxi- 
mately 250 yd. from the ocean beach, 
and facing south at an angle of 30 deg. 
The fatigue test data (Table II) indi- 
cated that steel F, containing 18 per cent 


TABLE II.-COMPARISON OF THE TENSILE PROPERTIES WITH THE ENDURANCE LIMITS OF THE STEEL 
SHEETS EXPOSED AT KURE BEACH, N. C., AND CHAPMAN FIELD, FLA. 


Steel 

Locality 

Exposure 

Period, 

months 

Tensile Properties 

Endurance 
Limit, psi. 

Tensile 

Strength, 

psi. 

Yield 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 



0 

166 300 

128 000 

22.0 

69 000 


Kure Beach, weather 

12 

166 000 

129 000 

22.0 

65 000 

F 


0 

190 000 

124 900 

27.5 

75 000 


Kure B*each, weather 

12 

190 000 

127 000 

27.0 

74 000 

A-5 

Not exposed. . i 

0 

98 500 

46 400 

64.3 

51 000 


Chapman Field, weather. 

6 

97 600 

45 800 

64.8 

46 400 


Chapman Field, tidewater 

6 

98 500 

46 300 

65.8 

44 000 

A-9 

Not exposed 

0 

188 400 

149 400 

6.6 

74 000 


Chapman Field, tidewater. 

6 

188 200 

144 100 

6,1 

74 000 

B>3 

Not exposed 

0 

121 600 

109 200 

19.8 

41 000 


Chapman Field, weather 

6 

124 600 

110 700 

17.6 

35 000 


Chapman Field, tidewater 

6 

124 400 

110 200 

17.7 

32 500 


approximately zk 3 per cent from the 
mean value. 

When it became apparent that the 
greatest loss in fatigue limit occurred 
during the first 6 months of exposure, it 
was thought that such behavior might 
be characteristic only for sheet. A few 
|-in. diameter R. R. Moore fatigue speci- 
mens (Table I, footnote c, section 5) 
were therefore also exposed to the 
weather. This alloy, steel C-5, had an 
initial endurance limit of 75,000 psi. 
After 1 yr. of exposure a value of less 
than 55,000 psi. was indicated, while 
after 3 yr. a value of 52,000 psi. was 
obtained. The rate of loss in endurance 


chromium, and 4 per cent each of 
manganese and nickel, w^as somewhat 
more resistant than the ordinary 18-8 
steel A-15, Tension tests on these 
panels, and on others exposed at Chap- 
man Field (Table II), failed to reveal 
any significant difference. The differen- 
tiation shown by the fatigue tests was 
attributed to their greater sensitivity 
to notch effects, as exemplified by shallow 
surface pits. 

One half of a corrosion-resistant steel 
airplane wing is currently being exposed 
to the weather at Hampton Roads, sus- 
pended in the exposure racks about 8 ft. 
above the mean tide (Fig. 2(d)). After 6 
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months of exposure, the upper and lower 
outer surfaces were superficially rusted, 
and were similar in appearance to the 
individual panels already described. On 
the partially sheltered lower inner wing 
surface, heavy red rust extended inward 
from 6 to 10 in. from the cut edge. 
Rust deposits on the outer surfaces were 
heaviest on the bottom side, and, in 
general, on the shot welds. 

Corrosion on Shot-Welds and at Faying 

Surfaces: 

On panels exposed to the weather at 
Hampton Roads, there was a marked 
tendency toward slightly heavier de- 
posits of rust on the shot-welds than on 
the rest of the sheet. Welds on the 
molybdenum-containing steels were the 
least rusted, while those on steel E were 
the most rusted. 

Tension tests, made on each of the 16 
welds on each panel, revealed that only a 
few of the welds showed marked losses 
in breaking loads or exhibited evidence 
of severe corrosion, after the maximum 
exposure period of 36 months. These 
failures were probably related to condi- 
tions during the welding operation, 
rather than to the inherent chemical 
characteristics of the sheets. The break- 
ing loads for the individual welds on 
steel E ranged from 625 to 675 lb., and 
from 480 to 600 lb. for the other steels. 
The welds were approximately I in. 
in diameter. The welds on steel E, 
however, withstood a twist of only 10 
deg., while those on the austenitic type 
of alloys withstood a twist of approxi- 
mately 90 deg. before failure. 

On most of the steels, petrolatum 
grease was applied at the faying surfaces 
prior to shot-welding, and little or no 
corrosion was noted at the overlaps. 
After 3 yr. of exposure to the weather 
at Hampton Roads, most of the grease 
was still m Aluminum or copper 

powders impregnated in the grease 


afforded little, if any, added protection. 
When grease was omitted, however, 
from 50 to 80 per cent of the faying 
surfaces was covered with rust, con- 
siderably thicker than that which ap- 
peared on the outer surfaces of the sheet. 
On steel E some rusting occurred at the 
faying surfaces, even though grease had 
been applied. 

Effect of Surface Treatments and Finishes: 

Steels B-2 and B-7 (Table I, foot- 
note c, section 3) containing 3.6 and 2.7 
per cent of molybdenum, respectively, 
were exposed at Hampton Roads with 
the two-fold objective of determining 
the effect of the difference in molyb- 
denum content and of various surface 
treatments. Periodic visual inspections 
throughout the 3-yr. exposure indicated 
that the steel with the lower molybdenum 
rusted somewhat more rapidly. The 
difference was adjudged immaterial for 
most practical applications, and the 
rust on both steels was less than on those 
of the other compositions investigated. 

These steels were exposed to the 
weather in the following conditions of 
surface treatment: (1) passivated 60 
min. in 20 per cent nitric acid at 60 C.; 
(2) pickled 20 to 30 min. in a solution 
containing 20 per cent of nitric acid and 
4 per cent of hydrofluoric acid, by 
volume, at 60 C., and passivated; (3) 
passivated, pre-surfaced 30 min. in a 
10 per cent ferric chloride solution at 
room temperature; (4) pickled, passi- 
vated, pre-surfaced, and passivated. 
The panels subjected to treatment 2 
exhibited the least rust while those 
treated by method 4 were rated second 
by visual examinations. Panels sur- 
face-treated under conditions 1 and 3 
were quite similar to each other in 
appearance, but were inferior to those 
given the pre-pickling treatment. 

When the exposure racks were re- 
located m the lagoon at Hampton 
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Fig 7.— The Earthward Surfaces of Panels with the Indicated Commercial Surface Finishes, after Exposure to the Weather at 

Hampton Roads for 6 Months. 

The rust tended to decrease in quantity and size as the degree of surface polish improved (X 1). 
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Fig. 8.— Panels Exposed at Kiire Beach, N. C., Rusted Much More Than Those at Hampton Roads, Va., or at Ghapman Field, Fla 

At each locality the molybdenum-containing steel was the least rusted (X 3/5). 
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RoadSj a series " of unwelded panels, deposits than the others, the individual 
approximately duplicating those of Table areas attaining diameters of approxi- 
I, footnote c, section 1, were inserted, mately | in. The rust on the bright- 
These steels, however, had a number of rolled (finish 2-B),® ground architectural 
different commercial degrees of surface (4),® and the standard polish, satin, 
finish. Panels having the bright-rolled tampico brush finish (6) was much 
finish (2-B) rusted at a slightly slower thinner, and the individual areas tended 
rate than those initially exposed at the to be smaller, seldom exceeding |-in. 
Boush Creek site, probably owing in in diameter (Fig. 7). Panels with a 
part to the greater distance from the mirror-like finish (7), made by grit- 



Fig. 9.— -Results of the Fatigue Tests on Each Steel Exposed to the Weather Simultaneously at Each 

of Three Localities, 


water at the lagoon. The quantities grinding the bright-rolled (2-B) surfaces 
of rust on the steels of different compo- with 320 emery, and buffing to a high 
sitions, however, remained in the same luster, exhibited the least rust. Certain 
relative order. of these panels were periodically cleaned. 

The amount of rust on panels of a The cleaner usually removed the rust 
given composition varied with the sur- only partially from the dull finished 
face finish. The duller finishes, that is, panels, after vigorous rubbing. Rust 
the pickled (1)^ and the dull cold-rolled could be entirely removed, without the 
(2-D), acquired noticeably thicker rust application of much pressure on finishes 
I, footnote 5. 2-B, 4, and 6, and was readilyTemovcd 
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with even lighter rubbing on the buffed 
finish 7./ 

Effect of Locality of Exposure: 

The panels exposed simultaneously at 
Hampton Roads, Va, (at the lagoon), 
Kure Beach, N. C., and Chapman Field, 
Fla., in 1940, consisted of three steels 
(Table I, footnote c, section 2), Steel 
A-5 was of the straight 18-8 type, 


the other two locations (Fig. 8). The 
molybdenum-containing steel was the 
least rusted at all locations. Although 
steels A-5 and A-9 were very similar in 
appearance at each place, the annealed 
steel A-5 seemed to be slightly the 
more rusted. The three steels, however, 
showed approximately the same loss 
in fatigue properties at Kure Beach 
(Fig. 9), but at Hampton Roads, steel 
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Fig. 10. — The Average Percentage of Loss of Endurance Limit Is Shown to be Very Similanfor Steels 
A-5, A-9, and B-3 Exposed to the Weather or Tidewater Simultaneously at Hampton Roads, 

Va., Kure Beach, N. C., and Chapman Field, Fla. 

The average deviation was less than rfc3 per cent for most of the conditions of exposure, but panels exposed to the 
weather at Kure Beach consistently exhibited the greatest loss. 


annealed, with a ground architectural 
surface finish, and a tensile strength of 
approximately 100,000 psi. Steel A-9 
was also of the straight 18-8 type, bright 
cold-rolled, with a tensile strength of 
188,000 psi. Steel B-3 contained 3.4 
per cent of molybdenum, and was bright 
cold-rolled |-hard, with a tensile strength 
of 122,000 psi. 

The samples exposed at Kure Beach 
were rusted much worse than those at 


A-9 showed somewhat less loss than the 
others. 

The average data for the three steels, 
plotted on the basis of the percentage 
loss of the initial endurance limit (Fig. 
10), reveal the comparative rates of 
corrosion at each locality. The panels 
exposed to the weather at Kure Beach 
showed greater loss than those exposed 
under any of the other marine conditions, 
including those continuously or inter- 
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mittently imraersed in the sea water. 
Minor changes in location at a given 
locality may be a determining factor 
(Fig. 11) as to whether corrosion is more 
severe on panels exposed to the weather, 
or on those exposed to tidewater. 

Irrespective of whether panels were 
exposed to the weather or to sea water 
at the three localities, the variation in 


different heats of metal exposed under' 
the same or comparable conditions. 

Effect of Contact with Light Metal Alloys: 

Steel C-1, stabilized with 0.5 per cent 
of titanium, was used on the panels hav- 
ing corrosion-resistant steel exposed in 
contact with aluminum or magnesium 
alloys at Hampton Roads. The light 
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Fig. 11.— Panels Exposed in. 1938 Were Located at the Boush Creek Site, While Those Exposed in 
1940 Were Located at the Lagoon, at Hampton Roads, Va. 

• 1 2 ,ver^e for all the steel panels, irrespective of their chemical compositions. The average deviation 

IS less than ±3 per cent. The panels exposed directly over the sea water at Boush Creek showed greater loss in endurance 
limits than those exposed to the tidewater. At the lagoon site, where the panels were exposed on shore, the tidewater 
panels exhibited the most loss. 


the fatigue limits for all the steels was 
usually less than ± 3 per cent for any 
specified period of exposure. This indi- 
cates that, for most practical applica- 
tions, these steels may all be expected 
to exhibit markedly similar resistance to 
corrosion.. The relatively narrow range 
of the loss in fatigue-limit values for 
most of the steels tested also indicates 
that the order of susceptibility of each 
steel to corrosion may be expected to 
vary, within the ranges established, for 


metals investigated included the follow- 
ing aluminum and magnesium alloys: 


Alloy 


24S-T“ 

53S-T 

S 2 S-iH 

Dowmetal M. 
Dowmetal H. 


Nominal Composition, per cent 


Mg 1 

Cu 

Mn' 

1 Si 

^Zn^ 

Cr 

A1 

l.S'i 

4.5 

0.6 




bal. 

1.3 1 



10.7 


6.25 

bal. 

2.5 1 





0.2S 

bal. 

bal. 1 


Ls 





bal. 1 


0.2 

t; j 

7.6 


6.0 


® Also as Alclad 24S-T, coated on both sides with 
aluminum. 


The light alloys all proved highly 
anodic to steel C-l, with the magnesium 
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Fig. 12. — Earthward Surfaces of Corrosion-Resistant Steel Coupled with Aluminum Alloys, and 
Exposed to the Weather at Hampton Roads for the Periods Indicated. 

Note that rivefeheads (arrow) joining thesteel to alloy 24S-T occasionally broke off because of the stresses imposed by 
corrosion products at the faying surfaces (X §). 
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Fig. 1 3. Unpain ted Panels Exposed at Hampton Roads, for the Periods Indicated, Having 
Corrosion-Resistant Steel and Magnesium Alloys in Contact with Each Other. 


White corrosion 
were severely corroi 


products were deposited on the steel as a result of the electrolytic action. The magnesium alloys 

ded, especially at the faying surfaces (see Fig. 14) (X I). 
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aEoys being selectively corroded more 
severely and more rapidly than the 
aluminum-base alloy members of the 
couples. The galvanic corrosion, of 
course, occurred very much faster in the 
tidewater racks than in the weather 
racks. The area relationships are also 
important, and corrosion on the light 
alloys was always much more severe 


individual alloys vary considerably in 
their inherent susceptibility to corrosion. 

Corrosion products accumulated in 
abundance between the dissimilar sur- 
faces in contact, and after the first year 
were sufficient to cause the heads of some 
rivets to break off and to cause stress- 
corrosion cracking on the 24S-T and 
Alclad 24S-T sheets. In a few instances, 



Fig. 14. — Example of Stress Corrosion on Panels Having Corrosion-Resistant Steel Coupled with 
Light Metal Alloys and Exposed to the Weather for 2 yr. at Hampton Roads. 

(A) Crackonasteelstrip joined toamagnesiumalloypanel, DowmetalM (X 1). 

(B) Cross-section showing the large amount of corrosion products at the faying surfaces (X 2|). 


when their areas were small compared 
with the steel. 

Macroscopical and microscopical ex- 
aminations revealed that the severity 
of the corrosion on the light alloys, when 
coupled with corrosion-resistant steel, 
decreased in this order: Dowmetal M, 
Dowmetal H, 24S-T, Alclad 24S-T, 
53S-T, and 52S-JH. This arrangement 
does not indicate the order of the po- 
tential differences involved, since the 


stress-corrosion cracks developed on the 
steel strips, joined to magnesium alloy 
main panels, at the circumference of the 
rivet heads (Fig. 14). When the light 
alloy main panels and the steel strips 
were painted, corrosion at the faying 
surfaces was usuaUy delayed for from 6 
to 12 months. Paint does not adhere 
well to polished corrosion-resistant steel 
and it failed on these samples within a 
few months on the exposed surfaces. 
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Discussion of Laboratory and 
Weathering Tests 

The occurrence of corrosion in greater 
abundance on the under surfaces of 
specimens exposed to the weather is 
characteristic for most metals. No en- 
tirely satisfactory theory has yet been 
promulgated to account for this behavior. 
The surface appearance of specimens 
corroded by various laboratory methods 
is seldom the same as that obtained 
during weathering, particularly with 
respect to the size and distribution of 
the corrosion products. Subcommittee 
VII on Weather of A.S.T.M. Committee 
B-3 on Corrosion of Non-Ferrous Metals 
and Alloys has, for one of its objectives, a 
more thorough study of the factors 
influencing outdoor corrosion, and the 
appended remarks may prove of interest 
in that connection. 

A rather simple and purely qualitative 
experiment was made on a few metal 
sheets, including corrosion-resistant steel, 
in which the surface appearances ob- 
tained on weathering were duplicated. 
Metal strips, approximately 2 ft. long 
and from 1 to 3 in. wide, were bent 
rectangularly at each end. One end 
was placed in a beaker of boiling water, 
the other in a beaker of ice water, to 
assure a temperature gradient. The 
horizontally situated sheet was sprayed 
with a dilute solution of sodium chloride 
on its top and bottom surfaces, the 
spraying being repeated as soon as 
diyiiig was complete. Corrosion prod- 
ucts first formed, usually in a narrow 
band less than | in. wide, at an area 
on the under side near, but some inches 
removed from, the hot end. With 
repeated sprayings and alternate dryings, 
the width of the band gradually increased 
toward the colder end, and finally at- 
tained an apparent maximum width 
which varied from 3 to 7 in. for the 
metals tested. On the more susceptible 
metals, after prolonged repetition of the 


spraying cycle, corrosion products even- 
tually appeared rather uniformly dis- 
tributed on the under side of the colder 

end. 

This behavior is believed to be 
analogous to that which results in out- 
door weathering. It suggests the pres- 
ence of electrolytic cells, perhaps of the 
ox}^gen-concentration variety, which at- 
tain their maximum activity during the 
periods of retention of films of moisture 
possessing certain critical thicknesses 
and oxygen contents. The maximum 
activity appears to occur after the films 
become discontinuous and agglomerate 
into droplets, owing to surface tension. 
The length of time that the critical films 
are present probably determines the 
rate at which corrosion products form. 
This would indicate that in outdoor 
weathering, the rates of drying of the 
intermittently deposited moisture films, 
as determined by certain critical combi- 
nations of the temperature, sunlight, 
wind, and humidity, are the external 
factors of prime importance in causing 
corrosion. This may also explain why 
attempts to correlate corrosion with the 
absolute or average values of these 
factors, or of data related to the fre- 
quency and quantity of precipitations 
(rain, snow, dew, etc.) are usually 
unsuccessful. Externally the presence 
of other ions in the cell, such as chlorine 
or sulfur, peculiar to a specific atmos- 
phere, represents another important 
variable in influencing the rate of 
corrosion. 

The metallurgist, although he knows 
better, too often regards his exposure 
panel in the light of a homogeneous 
surface. The inherent nonhomogenei- 
ties of the metal surface, as well as the 
local differences in its ability to form 
protective surface films, and, eventually, 
the presence of the initial corrosion 
products, all combine to determine where 
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and' in what manner the corrosion takes 
place. 

In view of the promising results ob- 
tained with the rather crude temperature 
gradient-repeated spray experiment, it is 
planned to construct an apparatus per- 
mitting a temperature gradient on the 
metal, in which temperature of the air, 
humidity, rate of drying, etc., are 
susceptible to control, and thus perhaps 
obtain some fundamental information 
regarding the critical combinations of 
each of these factors as related to the 
corrosion of different alloys. 

Summary 

Corrosion-resistant steel sheets were 
exposed for approximately 3 yr., under 
extreme marine conditions, as exempli- 
fied by weather exposure in close 
proximity to, dr immersed in, sea water. 

Rust deposits usually formed in great- 
est quantity and thickness, especially 
on the under sides of the panels, within 
the first 6 to 12 months of weathering. 
Thereafter, significant changes in sur- 
face appearance did not ordinarily occur. 
Rust rarely formed on panels exposed to 
sea water, particularly those with bright- 
rolled, or higher, degrees of surface 
finish. In general, the better the degree 
of surface finish, the less was the ten- 
dency toward the formation of adherent 
rust, for sheets of the same chemical 
composition. Flexural fatigue tests like- 
wise demonstrated that the greatest 
damage usually occurred during the first 
6 months of exposure. 

The 18-8 type steels, containing from 
2.5 to 3.5 per cent molybdenum ex- 
hibited much less rust on weathering 
than the same type steels with or without 
additions of titanium or columbium. 
The fatigue tests revealed a slight 
superiority for the 18-8 type steels con- 
taining molybdenum and titanium. The 
relatively narrow range of the loss in 
fatigue limits (dz 3 per cent of the mean 
values for most of the steels investigated) 


indicates that the order of susceptibility 
may be expected to vary, within the 
ranges established, on different heats of 
metal exposed under the same, or other, 
marine conditions. 

The tests also revealed that at a given 
locality the damage resulting from ex- 
posure to the weather may, or may not, 
be worse than that resulting from ex- 
posure to sea water. Minor changes, 
such as the proximity of the weathering 
panels to the sea water, or the presence 
in the latter of certain sea organisms, 
may determine the severity of the cor- 
rosion. 

Shot-welds were slightly more sus- 
ceptible to the formation of rust, on 
panels exposed to the weather, than was 
the rest of the sheet. Welds on the 
steels containing molybdenum were the 
least rusted. The breaking loads of the 
welds usually were relatively unchanged 
after exposure for 3 yr. The most 
severe rusting of the welded sheets 
occurred at the faying surfaces. Appli- 
cations of greases such as petrolatum, 
with or without aluminum or copper 
powders, were quite effective in prevent- 
ing such corrosion. 

Pickling, prior to passivating surface 
treatments, tended to improve the re- 
sistance of corrosion-resistant steels to 
corrosive attack. Pre-surfacing (treat- 
ment in ferric chloride) coupled with 
passivation was of doubtful merit, and 
surfaces so treated appeared to corrode 
slightly more than those which were 
passivated but not pre-pickled. 

Aluminum and magnesium alloys, 
especially the latter, were highly anodic 
to corrosion-resistant steels, and were 
severely attacked when in contact with 
them. When the area of the steel is 
small compared with the light alloy, the 
minimum corrosion of the latter results 
from electrolysis. Suitable paints at 
the faying surfaces are adequate in pre- 
venting corrosion there for periods of at 
least 6 to 12 months of weathering under 
marine conditions. 



DISCUSSION 


Mr. William H. Finkeldey.^ — ■! un- 
derstood Mr. Waldron^ to say that all 
the corrosion-resistant steel specimens in- 
cluding those that were exposed in the 
atmosphere were passivated. 

Mr. Leo' Walpron.®— A ll were passi- 
vated except panels B-2 and B-7 which 
were treated with ferric chloride af- 
ter passivation. 

Chairman F. L. LaQue-^—K the 
chair may be permitted an observation, 
on the basis of the large number of 
corrosion-resistant steels of different 
composition that we have exposed for 5 
yr., the appearance of these specimens 
after exposure for 5 yr. was not much 
different from their appearance after 6 
months. Apparently, the small amount 
of corrosion responsible for staining is 
self-arresting and decreases considerably 
in rate as the time of exposure is pro- 
longed. This seems to be true, whether 
or not the specimen has been passivated 
immediately prior to exposure. 

There is one other observation I should 
like to make, as a discusser rather than 
as chairman, with respect to the state- 
ment by Mr. Mutchler which he made in 
1942 as well to the effect that damage to 
corrosion-resistant steel in a marine 
atmosphere as measured by fatigue is 
likely to be greater in the atmosphere 
than when immersed in sea water. I 
think that must be, to my way of think- 
ing, a rather peculiar and not a normal 
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behavior because exposure in sea water, 
where marine organisms can develop and 
can induce pitting, has produced on 
many hundreds of corrosion-resistant 
steel panels such intense pitting that I 
cannot conceive that fatigue tests on 
specimens that might include long pits, 
maybe an inch long, could possibly give 
a fatigue life of more than a few seconds. 

I think it would be wise not to reach 
the general conclusion that corrosion- 
resistant steels are susceptible to more 
damage in a marine atmosphere than 
when immersed in sea water. I do not 
doubt but that the particular specimens 
gave the data Mr. Mutchler recorded, 
but I do not think the results should be 
applied too broadly. 

Mr. S. B. Ashkinazy.^ — I believe 
there is one significant point that can be 
brought out here and I should like to 
have the speaker note whether I am 
right in that assumption. It must be 
remembered that these specimens were 
all hard-rolled to a very high tensile 
strength. Am I correct in assuming that 
a hard-rolled corrosion-resistant steel 
sheet will corrode somewhat more than 
one in the annealed condition and per- 
haps the fact that ail these were hard- 
rolled to a high tensile strength may 
have some significance in the corrosion 
behavior shown by the authoFs ilius- 
trations. 

Mr. Waldron.— I do not know 
whether I can comment on that, because 
these tests were made with thin high- 
strength corrosion-resistant steel sheets 
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as used for aircraft purposes. As a re- 
sult, they were in the cold-roiled condi- 
tion to obtain a high strength. Samples 
in the annealed condition were not 
included. ■ ,, 

Chairman LaQue. ““If I may be, per- 
mitted another observation' other than 
as chairman, I can say I have tested 
cold-rolled 18-8 steel in sea water in the 
full-hard and in the annealed conditions 
and found no difference in susceptibility 
to corrosion of material having tensile 
properties within the limits we are talk- 
ing about here. I believe there have 
been instances where wire has been so 
grossly cold-drawn as to affect its re- 
sistance to corrosion in some ways. I 
do not think the steel discussed here was 
influenced greatly in its corrosion by the 
fact it had been cold-rolled to the extent 
described. 

Mr. Ashkinazy. — I was fully aware of 
the fact that the steels tested here were 


all in the hard-rolled condition and the 
fact that they were not annealed. I am 
glad to hear that there is practically no 
difference between the hard-rolled and 
annealed condition. However, if I re- 
member correctly, there are some 
Government specifications which insist 
on the annealed condition of the 18-8 
corrosion-resistant steel where a maxi-, 
mum corrosion resistance is required. I 
was just wondering why that was so. 

Chairman LaQue. —I am unable to 
suggest the basis of some of these speci- 
fications. I presume they are sometimes 
based on suspicion rather than fact. 

Mr. Frank N. SpELLER.®~“Does\ the 
author say anything about the influence 
of marine organisms? 

Mr. Waldron. — There were no marine 
organisms on the tide water specimens 
at any time during their exposure. 
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ATMOSPHERIC CORROSION TESTS- ON CORROSION-RESISTANT STEEL* 


By Grant L. Snair, JrJ 


The deterioration of metals exposed 
to the atmosphere is undoubtedly the 
most prevalent kind of corrosive attack. 
Although tests for the systematically 
organized study of atmospheric corro- 
sion are time-consuming, they cannot be 
satisfactorily duplicated by the usual 
accelerated and carefully controlled lab- 
oratory tests which provide most of the 
data for metals exposed to the various 
corrosive media. Dependable data can 
be secured only after unsheltered metal 
specimens have been subjected to actual 
atmospheric conditions for many years 
without interruption in order that the 
total effect of the numerous factors con- 
tributing to atmospheric corrosion may 
be observed. Periodic inspections as the 
test progresses are also required in order 
properly to evaluate the results. 

When considered from the corrosion 
standpoint, the effect of a particular 
atmosphere is dependent upon the pres- 
ence of contaminating gases and sus- 
pended solid matter, as well as the 
moisture, or humidity and seasonal 
changes. The impurities may act to 
cause corrosion by direct chemical at- 
tack, or they may accumulate on the 
metal and invite or accelerate cor- 
rosion. When these deposits absorb 
water and any corrosive chemical agents 
present in the air, they are held in con- 
tact with the metal for long intervals 
and are less readily washed away by 
occasional rainfall. 


* Presented at the Forty-ninth Annual Meeting of the 
Society* June 24-28, 1946. 

4 Research Chemist, Allegheny-Ludlum Steel Corp., 
Brackenridge, Pa, , , 


Since weather conditions and the de- 
gree of pollution vary considerably 
throughout the year, and because cor- 
rosion-resisting metals are of primary 
interest in this study, long-range testing 
is necessary. Although the average 
corrosiveness of a certain atmosphere at 
a given location tends to be similar each 
year, it does not necessarily follow^ that 
the rate of attack or type of attack noted 
upon a particular specimen will be pro- 
portional to the number of years of ex- 
posure. Thus, the kind of oxide film 
formed upon the surface of the metal 
early in the exposure period may ap- 
preciably determine the extent of the 
corrosive attack for some time because 
the film may be of a protective nature. 

This report describes the results of 
tests in which specimens of “stainless’^ 
steel alloys have been continually ex- 
posed to a severely corrosive industrial 
atmosphere for approximately ten years. 

Test Method 

Location: 

The exposure racks were installed on 
the property of the Allegheny Ludlum 
Steel Corp., Brackenridge, Pa., a heavy 
industrial area situated in a river valley 
about 20 miles from Pittsburgh. The 
atmosphere in this locality is contam- 
inated with smoke, soot, sulfur dioxide, 
coal ash, lime, and iron dust. Pass- 
ing locomotives also frequently intro- 
duce smoke and steam at the test loca- 
tion. The condensation of steam in a 
polluted atmosphere carries a greater 
number of suspended particles from the 
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air to the: specimens. When sulfur 
dioxide is present, dilute acid might be 
formed and deposited on the metal in- 
stead of being washed away, as by rain- 
fall. In this climate, extreme weather 
conditions including fog, rain, and snow 
are encountered. 

The corrosive conditions related to 
industrial atmospheres, however, are 
known to vary greatly at localized areas. 
For example, the pollution and condensa- 
tion encountered at a locomotive round- 
house may cause severe corrosion of 


Construction of tM Rack: 

The racks were constructed of A- 
shaped wooden end sections joined by 
horizontal wooden cross bars, from which 
the specimens were vertically supported 
by means of corrosion-resistant steel 
pegs. The cross bars were so arranged 
that any drippage from specimens on 
one cross bar could not fall upon the 
specimens located on lower cross bars, 
and the supporting pegs were spaced so 
that the specimens were well separated. 



Fig. 1.— Exi>osure Rack for Atmospheric Corrosion Tests, Showing Construction and 
the Means by Which the Specimens Were Supported. 


^‘stainless’’ steel within one year's time, 
while the same metal might remain prac- 
tically unattacked at a location a hun- 
dred yards away. To further illustrate 
the effect of various industrial atmos- 
pheres, a type 410 corrosion-resistant 
steel roof at a glass plant two miles 
from Brackenridge has been in service 
for 20 years, and type 304 downspouts 
on homes in the community have been 
quite satisfactory. Accordingly, a lo- 
cation which was subject to an average 
industrial atmosphere was therefore se- 
lected for the tests. 


The racks were built sufficiently high 
to prevent the splashing of the speci- 
mens with wet soil during heavy rains. 

Figure 1 shows the construction of the 
exposure racks and the means by which 
specimens were supported for exposure. 
These particular racks are shown at a 
roof location. 

Site: 

The exposure racks were arranged on 
the ground at a test site which was lo- 
cated for eight years at a point in the 
plant yard where the pollution of the 
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atmosphere was heaviest. Later, for- 
the last two years, the racks were moved 
about a hundred yards east to the roof 
of a two story chemical laboratory 
building where fumes from the labora- 
tory ducts were also encountered. Other- 
wise, the mill atmos pherewas identical. 
The racks were arranged without shelter 
in north-south positions so that the 
specimens faced east and west. 

Specimen Size _ and Preparation: 

The specimens were sheared uniform 
in size, 6 by 12 in. The effects of varia- 
tions in corrosion-resistant steel alloy 
compositions, surface finishes, heat treat- 
ments, welding, and contact with other 
metals were studied in this project. 
Many of the specimens were prepared 
in duplicate and placed in adjacent 
positions on the exposure racks. All 
contamination which might have accu- 
mulated upon the metal during prepara- 
tion and handling was removed by care- 
ful cleaning and degreasing immediately 
prior to exposure. A hole f in. in diam- 
eter was drilled near one end of each 
specimen so that it could be suspended 
in a vertical position by means of a 
stainless type supporting rod. The 
upper 4 in. of the back of each specimen 
contacted the wooden cross bar, with 
the result that the area of contact was 
protected from direct exposure to the 
atmosphere. 

/Examination of the Specimens: 

Each specimen was visually examined 
periodically when convenient in order 
to determine the progress of any cor- 
rosive attack. All specimens except 
those cleaned annually remained un- 
disturbed upon the exposure rack dur- 
ing the entire 10-yr. testing period, and 
visual examinations were made with 
each specimen in its position on the 
rack. The specimens which were sched- 


uled for yearly .cleaning were examined 
before removal from the rack, after 
which they were carefully cleaned, in- 
spected, and returned to their original 
places. 

Accordingly, in cases where duplicate 
specimens were exposed, one was cleaned 
annually to permit a close inspection of 
the condition of the metal surface, while 
the companion specimen remained with- 
out cleaning during the entire testing 
period in order to keep the film of dirt 
and corrosion products in contact with 
the surface of the metal. At the con- 
clusion of the test, the duplicates were 
cleaned for comparison. 

In the early portion of the testing 
program, rather frequent examinations 
were made because slight changes in the 
appearance of the surfaces of some of the 
specimens were noticeable over periods 
of a few days or weeks. However, 
due to the corrosion-resisting properties 
of the alloys and because solid matter 
from the atmosphere accumulated to 
form an increasingly heavy layer on the 
metal surfaces, even semiannual and 
annual inspections in many instances 
revealed little or no change in the con- 
dition of the specimens. Consequently, 
the very frequent observations were of 
little importance, and the evaluation of 
the effects of weathering was based 
chiefly upon the annual notations and 
the final, very thorough inspections of 
the carefully cleaned surface of each 
specimen. 

At the end of the testing period only 
half of the surface of each continuously 
exposed specimen was cleaned in order 
that a part of the layer of dirt and 
corrosion products might be retained 
for further testing. In general, the 
right half of each specimen was cleaned, 
but in the case of welded specimens in 
which the weld deposits extended from 
end to end through the centers of the 
specimens, the upper halves were cleaned 
to permit examination of both sides of 
the welds. 
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table I.— the straight chromium coerosion-resistant steel alloys. 


Analysis 

Heat Treatment 

Surface Finish 

12 PEE CENT CmomuM, Twelve Specimens Tested, Composition Range 11.50 to 13.50 per cent Chsomiim 

1. 0.088 C— 13.11 Cr— 0.338 Ni 

2 .Same heat (duplicate specimen) 

3. Same heat 

4. Same heat (duplicate specimen) 

5. Same heat 

6. Same heat (duplicate specimen) 

7. Same heat 

8. Same heat (duplicate specimen) 

9. Same heat 

10. Same heat 

11. Same heat 

12. Same heat 

Fully annealed 

FuMy annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed; electric welded 
Fully annealed; electric welded 

Mirror buffed, cleaned yearly 

Mirror buffed 

Regular polished, cleaned yearly 

Regular polished ' 

Rough polished, cleaned yearly 

Rough polished 

Sandblasted and dipped In 10% HNOs, 
160 F., cleaned yearly 

Sandblasted and dipped in 10% HNOs, 
160 F, 

Sandblasted and pickled 

Sandblasted only 

Sandblasted 

Weld ground flush and entire surface 
polished 

14 PEE CENT Chromium, Ten Specimens Tested 

1. 0.074 C— 14.46 Gr— 0.251 Ni 

2. Same heat (duplicate specimen) 

3. Same heat ' 

4. Same heat (duplicate specimen) 

5. Same heat ' 

6. Same heat (duplicate specimen) 

7. Sime heat 

8. Same heat (duplicate specimen) 

9. Same heat 

10. Same heat 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Mirror buffed, cleaned yearly 

Mirror buffed 

Regular polished, cleaned yearly 

Regular polished 

Rough polished, cleaned yearly 

Rough polished 

Sandblasted and dipped in 10% HNOi 
160 F,, cleaned yearly 

Sandblasted and dipped in 10% HNOs, 
160 F. 

Sandblasted and pickled 

Sandblasted 

17 PER CENT Chromium, Twelve Specimens Tested, Composition Range 16 to 18 per cent Chromium 

1. 0.11 C— 16.80 Cr-4).3S4 Ni 

2. Same heat (duplicate specimen) 

3. Same heat 

4. Same heat (duplicate specimen) 

5. Same heat 

6. Same heat (duplicate specimen) 

7. Same heat 

8. Same heat (duplicate specimen) 

0. Same heat 

10. Same heat 

11. Same heat 

12. Same heat 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed; electric welded 
Fully annealed; electric welded 

Mirror buffed, cleaned yearly 

Mirror buffed 

Regular polished, cleaned yearly 

Regular polished 

Rough ground, cleaned yearly 

Rough ground 

Sandblasted and dipped in 10% HNOs, 
160 F,, cleaned yearly 

Sandblasted and dipped in 10% HNOa, 
160 F. 

Sandblasted and pickled 

Sandblasted only 

Sandblasted 

Weld ground flush and entire surface 
polished 

22.5 PER cent Chromium, Ten Specimens Tested 

1. 0.095 C— 22.51 Cr— 0.813 Ni 

2., Same heat (duplicate specimen) 

3. Same heat 

4. Same heat (duplicate specimen) 

5. Same heat 

6. Same heat (duplicate specimen) 

7. Same heat 

8. Same heat (duplicate specimen) 

9. Same heat 

10. Same heat 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Mirror buffed, cleaned yearly 

Mirror buffed 

Regular polished, cleaned yearly 

Regular polished 

Rough ground, cleaned yearly 

Rough ground 

Sandblasted and dipped in 10% HNOi, 
160 F., cleaned yearly 

Sandblasted and dipped in 10% HNOs, 
160 F. 

Sandblasted and pickled 

Sandblasted only 

28 PER cent Chromiu.m, Twelve Specimens Tested, Composition Range 23 to 30 per cent Chromium 

1. 0.17 C— 27.39 Cr--0.495 Ni 

2. Same heat (duplicate specimen 

3. Same heat 

4. Same heat (duplicate specimen) 

5. Same heat 

6. Same heat (duplicate specimen) 

7. Same heat 

8. Same heat (duplicate specimen) 

9. Same heat 

10. Same heat 

11. Same heat 

12. Same heat 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed 

Fully annealed; electric welded 
Fully annealed; electric welded 

Mirror buffed, cleaned yearly 

Mirror buffed 

Regular polished, cleaned yearly 

Regular polished 

Rough ground, cleaned yearly 

Rough ground 

Sandblasted and dipped in 10% HNOs. 

160 F., cleaned yearly 

Sandblasted and dipped in 10% HNOs, 
160 F. 

Sandblasted and pickled 

Sandblasted only 

Sandblasted 

Weld ground flush and entire surface 
polished 
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TABLE H.— THE UNMODIFIED CHROMIUM-NICKEL CORROSION-RESISTANT STEEL ALLOYS. 


■ Analysis' . 

Heat Treatment 

Surface Finish 

Type 301, One Speciicek Tested, Composition Range 0.09 to 0.20 per cent C— 16 to 18 per cent Gr— 6 to 

8 PER CENT Ni 

1. 0.25 G 1.13 Mn 16.17 Cr 6.95 Ni 

Fully Annealed 

j White pickled 

Type 302, Twenty-five Specimens Tested, Composition Range 0.08 Minimum to 0.20 per cent C—17 to 

19 PER CENT Cr— -8 TO 10 PER CENT Ni 

1. 0.088 C 19.18 Cr 8.80 Ni 

Fully annealed 

Mirror buffed, cleaned 
yearly 

Mirror buffed 

2. Same heat (duplicate specimen) 

Fully annealed 

3-. Same heat , 

Fully annealed 

Regular polished, cleaned 
yearly 

Regular polished 

4. Same heat (duplicate specimen) 

Fully annealed 

5. Same heat 

Fully annealed 

Tampico brushed, cleaned 
yearly 

Tampico brushed 

6. Same heat (duplicate specimen) 

Fully annealed 

7, Same heat 

Fully annealed 

Rough ground, cleaned 
yearly 

Rough ground 

8. Same heat (duplicate specimen) 

Fully annealed 

9. 0.10 C 19.00 Cr 9.11 Ni 

Fully annealed 

Regular polished 

10. 0.11 C 19.41 Cr 9.02 Ni 

Fully annealed 

White pickled 

il.Sameheat 

Fully annealed + 1200 F., 1 hr. 

White pickled 

12. Same heat 

Fully annealed base metal; electric welded 

Welding flux and scale 
removed by pickling 

13. Same heat 

Fully annealed base metal; electric welded 

Weld deposit ground flush 
with the base metal 
(Grade “A” welding 
rod used) 

14 . 0.17 G 17.66 Cr 8.19 Ni i 

Fully annealed 

W^hite pickled 

IS. Same heat 

Fully annealed + 1200 F., 1 hr. 

. White pickled 

16. Same heat 

Fully annealed base metal; electric welded 

Weld deposit ground flush 
vvith the base metal 

17. 0.11 C 19.69 Cr 9.19 Ni 

Fully annealed 

W'hite pickled 

18. Same heat 

Fully annealed 

Regular polished 

19 . 0.11 C 19.20 Cr 8.44 Ni 

Fully annealed 

White pickled 

20. 0.084 C 18.61 Cr 7.79 Ni 

Fully annealed 

White pickled 

21. 0 10 C 16.90 Gr 9.63 Ni Strip 

Fully annealed 

Cold-rolled 

22. 040 C 18.16 Cr 8.60 Ni Strip 

Fully annealed 

Cold-rolled 

23. 0.11 C 17.92 Cr 8.42 Ni Strip 

Fully annealed 

Cold-rolled 

24. 0.10 C 18.97 Cr 8.69 Ni Strip 

Fully annealed 

Cold-rolled 

25. 0.096 C 18.65 Cr 8.86 Ni 

Hot-rolled 

White pickled 


Type 304, Eleven Specimens Tested, Composition Range 0.08 per cent C maximxjm~18 to 20 per cent 

Cr—S TO 10 PER CENT Ni 


1, 0,067 C— 18.92 Cr—8.88 Ni 

Fully annealed 

White pickled 

2. Same heat (duplicate specimen) 

Fully annealed 

White pickled 

3. Same heat 

i 

Fully annealed 

W^hite pickled + regular 
five pass CO Id- rolled 
smoothing finish 

4, Same heat 

Fully annealed 

Sandblasted only 

5. Same heat 

Fully annealed 

Sandblasted + 10% HNO 3 
dip 

6 . Same heat 

Fully annealed 

Sandblasted and pickled 

7. Same heat 

Fully annealed 

White pickled and passi- 
vated in solution con- 
taining 4% chromic 
acid and 4% HF 

8. Same heat 

Fully annealed -f- 1200 F., 1 hr. 

White pickled 

9. Same heat. . , 

Fully annealed base metal; electric welded 

Grade A welding rod used; 
white pickled 

10., Same heat , ^ ^ 

Fully annealed base metal; electric welded 

Grade A welding rod 
used; weld deposit 
ground flush with the 
base metal 

11. Same heat 

Fully annealed base metal; electric welded 

Grade A welding rod 
used; weld deposit 
ground flush with the 
base metal and entire 
surface regular polished 


Type 308, Four Specimens Tested, Composition Range 0.08 per cent C maximum—IO to 21 per cent Cr— 

10 TO 12 PER CENT Ni 


1. 0.062 C— 20.65 Cr— 9.98 Ni 

Fully annealed 

White pickled 

2. Same heat (duplicate specimen) 

Fully annealed 

White pickled 

3. Same he it 

Fully annealed 

Regular polished 

4. Same heat ■ 

i 

Fully annealed -f 1200 F., 1 hr. 

Sandblasted and white 
pickled 



Snair on Coerosion-Resistant Steel 


647 


TABLE 


Analysis 

Heat Treatment 

Surface Finish 

Type 309, Two Specimens Tested, Composition Range 0.20 pee cent C MAxniiiM~22 to 24 per cent Cr— • 

12 to IS PER CENT Ni 

1. 0.18 C— 22.65 Cr— 11.57 Ni 

2. Same heat 

Fully annealed 

Fully annealed -j- 1200 F., 1 hr. 

White pickled 

1 White pickled 

24 PER CENT Chromium — 16 per cent Nicked, One Specimen Tested 

1. 0.11,C--24.20 Cr— 16.40 Ni 

1 Fully annealed 

White pickled 


Description of Test Results: 

The rates of corrosive attack upon 
the specimens tested are not reported in 
terms of weight losses. The weighing 
of such large specimens is impracticah 
and because the atmospheric corrosion 
of corrosion-resistant steel is of a lo- 
calized nature, any weight losses so 
obtained would not be significant. No 
data from tension tests or measurements 
of the depth of pitting can be offered 
at this time. It was also impossible to 
show suitably by means of photographs 
the true appearance of the metal sur- 
faces. The information presented in 
this report is based solely upon the 
visual examination of the front surfaces 


of the specimens during a lO-yr. testing 
period of exposure to the atmosphere 
and at the conclusion of the test. All 
specimens were examined under a 15- 
power binocular microscope. 

The corrosion of the specimen is 
mentioned for the most part in terms of 
pitting or rusting. As applied in this 
case, the term ‘^pitting^^ should not be 
associated with large, deep cavities, 
but only to exceptionally fine, shallow 
surface flaws which in no case destroyed 
the usefulness of the metal. When 
rusting occurred, it usually appeared in 
the form of either very light spots, 
streaks, stains, or films. 

The resistance of the stainless type 
steel alloys to atmospheric corrosion 


TABLE III.-THE MODIFIED CHROMIUM-NICKEL CORROSION-RESISTANT STEEL ALLOYS. 


Analysis 

Heat Treatment 

Surface Finish 

Type 347, Two Specimens Tested, Composition Range 0.10 per cent C maximum— 17 to 19 per cent Cr— 

9 TO 12 PER CENT Ni— 8 X PER CENT C MINIMUM Cb 

1. 0.080 C— 19.93 Cr— 8.97 Ni— 0.82 Cb 

2. Same heat 

Fully annealed 

Fully armealed -f 1200 F., 1 hr. 

White pickled 

White pickled 

Type 321, Five Specimens Tested, Composition Range 0.10 per cent C maximum— 17 to 19 per cent Cr— 

8 TO 11 PER CENT Ni— 4 X PER CENT C MINIMUM Ti 

1. 0.063 C— 17.10 Cr— 8.96 Ni— 0.36 Ti 

2. Same heat 

3. 0.11 C— 17.38 Cr— 8.99 Ni— 0.34 Ti 

4. Same heat 

5. Same heat 

Fully annealed 

Fully annealed -f 1200 F., 1 hr. 

Fully annealed 

Fully annealed Hh 1200 F., 1 hr. 

Fully annealed base metal; electric welded 

White pickled 

White pickled 

White pickled 

White pickled 

Sandblasted 

Type 316, Two Specimens Tested, Composition Range 0.10 per cent C maximum— 16 to 18 per cent Cr— 

10 to 14 PER cent Ni— 2 to 3 PEE CENT Mo 

1. 0.086. C— 19.27 Cr— 9.29 Ni— 2.54 Mo 

2. Same heat 

Fully annealed 

Fully annealed -f 1200 F., 1 hr. 

White pickled 

White pickled 

18-8 Plus Vanadixim, Two Speqmens Tested 

1. 0.066 C— 18.86 Cr— 9.15 Ni— 1.29 V 

2. Same heat 

Fully annealed 

Fully annealed 1200 F., 1 hr. 

White pickled 

White pickled 


t 
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may be compared with that offered' by 
specimens of unpainted common steel, 

0.050 in. in thickness, wMch were ex- 
posed under identical conditions. After 
4 30 *., the thickness of the common steel 
specimens had been reduced approxi- 
mately one half by rusting, and com- 
plete deterioration occurred within eight 
to nine years. 

Matebials Tested 

Tables I to III furnish complete in- 
formation concerning the composition, 
heat treatment, surface finish, and 
welding of the corrosion-resistant steel 
alloys tested. 

Cobrosion-Resisxant Steel Type 304 
IN Contact with Other 
Metals 

Specimens were prepared to deter- 
mine whether galvanic effects would be 
induced by the contact of corrosion- 
resistant steel with other metals. The 
upper or lower half of each specimen 
consisted of white pickled, cold-rolled, 
smoothed corrosion-resistant steel type 
304 material to which another metal was 
riveted to complete the specimen. The 
upper half overlapped the lower half 
by 1 in., and the pieces were tightly 
joined with three type 304 rivets. 

The specimens were examined with- 
out cleaning during the test. After 
10 -yr. exposure, they were carefully 
cleaned to determine the condition of 
the metal surface. 

The tests were conducted only to 
study the effects of such contact on the 
corrosion resistance of the stainless type 
steel. The corroded surfaces of the 
other metals were not considered. 

The following are the materials which 
were riveted to type 304 steel white 
pickled and regular 5 pass cold-rolled 
smooth-finished sheet, composition 0.067 
per cent carbon, 18.92 per cent chrom- 
ium, 'and, 8.88 per cent nickel; 


1 . Pure aluminum, bright cold-rolled 

2. Pure zinc, bright cold-rolled 

3. Pure lead, pickled in 10 per cent 

HCl 

4. Pure copper, bright cold-rolled 

5. Pure nickel, white pickled 

6 . Monel metal, . cold-rolled 

7. Pure tin, cold-rolled 

8 . Common steel, pickled 

Stomary of Results 

The information derived from the 
study of the individual groups and a 
comparison of all the groups provides a 
basis for a number of pertinent general 
conclusions which may be briefly sum- 
marized, while a general rating of the 
steels is shown in Table IV. 

1. When several specimens from a 
particular heat with identical surface 
finishes w^ere tested, excellent corre- 
spondence of results was noted in a 
good majority of cases. Consequently, 
although some of the chromium-nickel 
alloys were represented by only a few 
specimens, it would appear that the re- 
sults could be given equal weight with 
the groups including larger numbers of 
specimens. 

2. All of the corrosion-resistant steel 
alloys in the fully annealed condition 
offer excellent, but not complete, re- 
sistance to atmospheric corrosion. Most 
of them are subject to slight attack by 
pitting and by rusting. 

3. The addition of chromium to steel 
increases its resistance to atmospheric 
corrosion. The straight chromium cor- 
rosion-resistant steel alloys, containing 
from 12 to 28 per cent chromium, showed 
that the corrosion resistance increases 
as the chromium content is increased. 
For example, the lowest alloy group 
tested, which contained 12 per cent 
chromium, was attacked by general, 
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fairly heavy rusting and fine pitting 
profusely distributed over the surfaces. 
After final cleaning, the effects of cor- 
rosion were plainly visible upon all 
specimens. The higher chromium al- 
loys of this series showed lighter rusting 
and less pitting. Accordingly, the 28 
per cent chromium group, the highest 
straight chromium alloy tested, w^as 
subject to light rusting and exceptionally 
slight, scattered pitting. The pitting 
on the cleaned surfaces could be ob- 
served only upon close inspection and, 


all of the members of the straight 
chromium series except the 28 per cent 
chromium group. 

These three grades of chromium- 
nickel corrosion-resistant steel showed 
only very light rust formations and 
localized, widely separated areas of very 
fine pitting in the form of minute, shal- 
low, white specks which barely inter- 
rupted the surface of the metal. Essen- 
tially, the original appearance of the 
specimens remained unchanged by the 
corrosive attack. 


TABLE ^.-CLASSIFICATION OF RESISTANCE TO ATMOSPHERIC CORROSION. 


In the following table the alloy compositions are listed in eight general classes of resistance to atmospheric corrosion. 
The rating is based upon the final appearance of fully annealed material exposed continuously for ten years. The best 
alloys are arranged at the top of the list. 


Rating 

Alloy Grade 

Most Resistant Finishes 

I 

316 

1. Only the white pickled finish was tested 


II .... 

28 per cent Cr 

1. Mirror buffed 

2. Regular No. 4 polished 


301 

302 

1, Only the white pickled finish was tested 
1. Mirror buffed 

2. Regular No. 4 polished 


304 

1 . White pickled and passivated (only white 

2. White pickled + regular 5 pass 

Ill , 

308 

pickled finishes and sandblasted fin- 
ishes were tested) 

1. Regular No. 4 polished 

cold-rolled smoothed finish 

2. White pickled 

, 

309 

24 per cent Cr— 16 
per cent Ni 

347 

18-8 plus vanadium 

1. Only the white pickled finish was tested 
1. Only the white pickled finish was tested 

1. Only the white pickled finish was tested 
1. Only the white pickled finish was tested 

IV 

321 

1. Only the white pickled finish was tested 


V 

22.5 per cent Cr 

1, All of the sandblasted finishes 

2. Mirror buffed 

VI 

17 per cent Cr 

1. Sandblasted -h 10 per cent HNOa dip, 

2. Sandblasted and pickled 

VII 

14 per cent Cr 

160 F. 

1. Sandblasted only 

2. Sandblasted and dipped in 10 per 

vm 

12 per cent Cr 

1 1. Mirror buffed 

cent HNOs, 160 F. 

2. Regular polished 


in some cases, by examination under a 
binocular microscope. 

The testing of similarly finished speci- 
mens of each composition in the fully 
annealed condition permitted accurate 
conclusions based upon alloy content. 

4. The corrosion-resistant steel alloys 
containing chromium and nickel also 
resist atmospheric corrosion. Certain 
compositions are slightly more resistant 
than others. In the fully annealed con- 
dition, the carbon content was unim- 
portant within the range covered by the 
specimens tested (0.05 to 0.20 per cent). 
Types 301, 302, and 304 offered better 
resistance to pitting and rusting than 


Any increase in the chromium and 
nickel content above 18 per cent chro- 
mium and 8 per cent nickel did not ap- 
preciably improve the resistance to 
rusting and pitting. The type 308 
group (20 per cent chromium, 10 per 
cent nickel) were subject to very slight 
rusting and pitting. While most of the 
pits were very fine and shallow, many 
of them were rather broad. The type 
309 specimen (23 per cent chromium, 
12 per cent nickel) showed a few small, 
lightly rusted areas and very fine gen- 
eral and localized pitting. Even the 24 
per cent chromium, 16 per cent nickel 
specimen was attacked with very fine, 
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shallow, general pitting well distributed 
over' the entire surface, but its appear- 
ance was practically unaffected. Thus, 
some of the high alloy specimens showed 
somewhat greater corrosion than the 
types 301, 302, and 304 specimens. 

5. The corrosion resistance of the 
stainless type steel alloys can be altered 
to some extent by the application of 
various surface finishes. Where surface 
finishes were compared after testing, 
this was the only variable. Many of the 
chromium-nickel steel specimens were 
tested only in the white pickled condi- 
tion. When polished surfaces were in- 
cluded, the mirror buffed, regular No. 
4 polished, and the Tampico brushed or 
white pickled finishes seemed most ef- 
fective in the order listed. For all of 
the straight chromium groups except 
12 per cent chromium, the sandblasted 
surfaces resisted rusting and pitting bet- 
ter than any of the polished surfaces. 
The mirror buffed and the regular No. 
4 polished 12 per cent chromium speci- 
mens were best. Inasmuch as none of 
the specimens tested was severely pitted 
or rusted, the effect of different finishes 
might, for all general purposes, be con- 
sidered relatively unimportant. 

6. The heat treatment of the un- 
modified chromium-nickel corrosion-re- 
sistant steel alloys at 1200 F., the 
temperature range in which carbide pre- 
cipitation occurs, only slightly decreases 
the resistance of the metal to atmos- 
pheric corrosion. As an interesting com- 
parison, these metals failed after ex- 
posure to boiling Krupp solution (10 
per cent copper sulfate and 10 per cent 
sulfuric acid) for periods ranging from 
8 to 26 hr. The specimens were sub- 
ject to a little more rusting and general 
and localized pitting than the fully 
annealed material. The specimens con- 
taining the greater percentages of carbon 
seemed more susceptible to pitting and 
intergranular attack. All of the speci- 
mens tested revealed slight indications 


of intergranular attack. Some of the 
corroded areas were darker than the 
original surfaces, but no severe attack 
was encountered in any case. 

7. The modification of the chromium- 
nickel corrosion-resistant steel alloys with 
either columbium, titanium, or vanadium 
does not improve the corrosion resistance 
of the metal in the fully annealed condi- 
tion. All of these modifications con- 
siderably improved the resistance of the 
metal which was heat treated at 1200 
F. Except for the type 321 containing 
titanium which was less resistant to 
rusting than any of the others, each of 
these heat-treated modified alloys offered 
equal general resistance to rusting and 
to the very fine localized and genera! 
pitting. No intergranular attack oc- 
curred. The specimens compared fa- 
vorably with the fully annealed unmodi- 
fied alloys. 

8. The modification of the chromium- 
nickel corrosion-resistant steel alloys 
with 2 to 3 per cent molybdenum im- 
proves the resistance of the fully an- 
nealed metal to pitting. It also seems 
to improve the corrosion resistance of 
the material heat-treated at 1200 F. 

When the fully annealed white pickled 
specimen was cleaned after 10-yr. ex- 
posure, the surface showed no evidence 
of corrosive attack by pitting. The 
heat-treated, white pickled specimen 
remained unattacked except for a few 
exceedingly fine shallow pits. 

9. The hot-rolled type 302 specimen 
closely resembled specimens of type 302 
which had been heat-treated at 1200 F. 
for 1 hr. The similarity was probably 
due to the presence of precipitated car- 
bides in both materials. 

10. The cold-rolled type 302 strip 
finishes produced varying results. Al- 
though the specimens represented differ- 
ent heats, the compositions did not vary 
greatly. The corrosion resistance of 
cold-rolled type 302 strip compares 
favorably with that of the other smoothly 
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finished type 302 specimens in sheet 
form. 

11. The undisturbed specimens offered 
greater resistance to pitting. When du- 
plicate specimens having identical com- 
position, heat treatment, and surface 
finish were exposed, a slightly greater 
degree of attack, both in size and num- 
ber of the pits, was generally noted on 
the annually cleaned specimen. 

12. The welding of the stainless type 
steel alloys causes little or no decrease 
in'their resistance to atmospheric corro- 
sion. In most cases, the welds which 
were ground flush with the base metal 
and smoothly pohshed offered better 
corrosion resistance than the unfinished 
or roughly ground welds. The tests 
.indicate that , when unmodified chro- 
mium-nickel corrosion-resistant steel is- 
welded, .the areas of the base metal 
which are immediately adjacent to the 
weld and subject to heating effects are 
slightly more susceptible to rusting, 
pitting, and intergranular attack. The 
welded straight-chromium specimens 
which were tested showed no decrease 
ill the corrosion resistance of the weld 


deposit or the areas of the base metal 
adjacent to the weld. 

13. Passivation with either 10 per 
cent nitric acid or 4 per cent chromic 
acid and 4 per cent hydrofl.uoric acid 
solutions did, not noticeably improve the 
corrosion resistance of the specimens. 

14. No severe galvanic actio.n oc- 
curred on. any of the riveted .specimens 
which were tested. In most cases, more 
attack was observed along the edges and 
the end awa}^ from The junction of the . 
two metals. This corrosion compared 
closely with the very fine pitting en- 
countered along the edges of the non- 
riveted type 304 specimens. The type 
304- upper halves of the specimens 
showed ' less attack by rusting and 
p.itting than .the type 304 lower halves 
which were subject to the heavier ac- 
cumulation of dirt and the corrosion 
products washed from the other metal 
by rain. It was noted that the Tower 
ends of ail of the nonriveted specimens 
were also corroded more than the rest 
of the surfaces. It is therefore unlikely 
that any of the corrosion of these speci- 
mens was caused by galvanic action. 



WEATHERING BEHAVIOR OF CORROSION-RESISTANT STEEL 
INSECT SCREENS* 

By W. a. Wesley^ and H. R. Coeson^ 


Synopsis 


The results of several series of atmospheric corrosion tests are presented in 
which commercially woven wdre-cloth screens of bronze, 18 per cent chro- 
mium, 8 per cent nickel corrosion-resistant steel and type 316 corrosion- 
resistant steel were exposed in sulfurous, industrial, marine, and rural atmos- 
pheres. It is brought out that the atmospheric corrosion of wire cloth is 
influenced to a greater extent than that of perhaps any other useful form of a 
metal by the manner in which the cloth is exposed, or more exactly, by the 
degree of shelter from the rinsing action of rain. 

Although some of the tests will not mature for years, certain conclusions 
can be drawn at this stage. It is evident that 18-8 corrosion-resistant steel 
wire cloth is too susceptible to pitting if partly sheltered from rain in indus- 
trial and marine atmospheres to outlast bronze similarly sheltered. Type 316 
corrosion-resistant steel screens are showing phenomenal resistance to corro- 
sion in industrial atmospheres whether sheltered or not and will long outlive 
bronze screens. A word of caution is necessary, however, since a few type 316 
screens which contained some 18 per cent chromium, 8 per cent nickel corro- 
sion-resistant steel wires by mistake, w’ere rapidly pitted where rust from the 
latter contacted the former. In marine atmospheres the type 316 screens 
develop faint rust spots and some pitting but wall show^ satisfactory life. The 
molybdenum content should be high. 

Other advantages of type 316 corrosion-resistant steel insect screens over 
bronze screens include freedom from staining of white paint, high strength, 
clearer vision, and greater ease of cleaning. 


In contrast with the copious literature 
on the corrosion resistance of other use- 
ful forms of metal there is little informa- 
tion available on the atmospheric 
durability of insect screen-wire cloth. 
A 9-yr. test of non-ferrous wire cloths 
was carried out by the National Bureau 
of Standards^ in cooperation with the 
former A.S.T.M. Committee D-14 on 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, ,1946. 

1 Assistant Director and Research Chemist, respec- 
tively, Research Laboratory, The International Nickel 
Co.. Inc . Bayonne, N.J, ' 

*G. W. Quick, “Atmospheric Exposure Tests on Non- 
Ferrous Screen Wire Cloth,” Journal of Research, Nat. 
Bureau of Standards, Vol. 14, p. 775 (1935) . 


Screen-Wire Cloth® beginning in 1925. 
Seven materials were exposed at each 
of four test sites in a vertical position 
with no shelter and no backing, so that 
there was free access of wind and rain 
to all parts of the specimens except the 
very edge. None of the materials dis- 
played noteworthy improvement over 
the so-called ^‘bronze^^ insect screen of 
90 per cent copper, 10 per cent zinc 
(commercial bronze) which is accepted 
as the standard commercial product in 
the United States. 

It is generally agreed that any new 
insect screen material to be commer- 

> Discontinued in 1937. 


652 



Wesley and Copson on Steel Insect Screens 


653 


daily successful , in the” United States 
must either provide superior corrosion 
resistance to or be less costly than 
bronze. An important disadvantage of 
bronze screens is that their corrosion 
products tend to stain white paints and 
masonry over which rainwater may run 
as it drains from the screen. 

This laboratory became interested as 


effect of shelter from rain. If areas of 
the screen are shielded from the direct 
rinsing action of rain, as is true when 
screens are installed in porch windows or 
doors, dirt and corrosion products ac- 
cumulate on the screen. These may 
become wet on humid days by deliques- 
cence, while boldly exposed, well washed 
screens remain dry. 


TABLE I.-OUTLINE OF EXPOSURE TESTS. 


Test 

Box exposures (exposed 
in 1932) 

1932 tests 

1933 tests 

1935 tests.. 

1937 tests 

1941 tests. 

1943 tests 


Screen 

Location 

18-8 steel | 

Pittsburgh, Pa. 

North Brigantine, N. J. 

/ Bronze J 

1 18-8 steel | 

Bayonne, N. J. 

Basking Ridge, N. J. 

Jersey City, N. J, 

Fire Island, N. Y. 

/ Bronze \ 

1 18-8 steel / 

Bayonne, N. J. | 

/ Type 302 steel 
\ Type 316 steel 

North Brigantine, N. J. 


Bayonne, N. J, | 

/ Bronze 
\ Type 316 steel 

Basking Ridge, N. J. 

Jersey City, N. J. 

Fire Island, N. Y. 

/ Bronze \ 

1 Type 316 steel / 

Block Island, R. I. | 


Bayonne, N. J. j 

f Bronze 
\ Type 316 steel 

Jersey City, N. J. 


Block Island, R. I. | 


Shelter 


Boldly exposed 
Boldly exposed 

Partly sheltered 
Partly sheltered 
Partly sheltered 
Partly sheltered 

Completely sheltered 
and 

Boldly exposed 
Partly sheltered 


Partly sheltered 
Completely sheltered 
Boldly exposed 
Partly sheltered 
Partly sheltered 
Partly sheltered 

Completely sheltered 
and 

Boldly exposed 

Completely sheltered 
and 

Boldly exposed 
Partly sheltered 
Completely sheltered 
and 

Boldly exposed 


early as 1932 in the possibility that stain- 
less steel screens might combine adequate 
corrosion resistance with freedom from 
paint staining. Previous experience had 
proven repeatedly that the longevity 
and weathering behavior of woven cloth 
cannot be safely predicted from the re- 
sults of exposure of unwoven wire or of 
sheet metal nor even from screen ex- 
posure tests of short duration. The 
physical structure of screen cloth, with 
its multiplicity of contacts and the effect 
of wire intersections in retaining and 
stabilizing droplets of liquid, make it 
uniquely susceptible to the detrimental 


Outline of Exposure Tests 
In 1932 and 1933 three sets of atmos- 
pheric exposure tests were started to 
evaluate the merit of 18-8 corrosion- 
resistant steel as insect screen. In two 
of these tests a direct comparison was 
made with bronze insect screen. It soon 
became apparent that 18-8 steel would 
not be suitable under all conditions of 
exposure. In 1935, at the suggestion of 
R. J. McKay a type 316 molybdenum 
corrosion-resistant steel screen was 
exposed to a marine atmosphere. This 

* Private communication from R. J. McKay* Inter- 
national Nickel Co.* Inc.* New York, N. Y. 
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screen, seemed to be standing up so 
well that in 1937 more comprehensive ex- 
posures were started at four locations, and 
bronze screen included. The marine expo- 
sure of the 1937 tests was lost in the hurri- 
cane of 1938, and' replaced by a new 
marine test in 1941. In 1943 addi- 
tional tests were started comparing a 
third lot of type 316 screen with bronze. 
For complete outline of exposure tests, 
see Table I. 

TABLE 11.— SCI 


per cent chromium. The 18-8 corrosion- 
resistant steel screen was 16 mesh and 
had 0.010-in. diameter wires. 

Three lots of type 316 molybdenum 
corrosion-resistant steel screen were 
represented in the tests. The analyses 
are in Table II. They were 16 mesh 
and had 0.009-in. wires. As described 
under, the 1943 tests the third lot was 
found to have a few regular 18-8 warp 
wires woven into the screen. These 

EN MATERIAL. 


Material 

Test 

Screen 

Mesh 

Wire 
Diame- 
ter, in. 

Composition, per cent 

Average Initial 
Breaking Load 
of Individual 
Wires, ib. 




Cop- 

per 

Zinc 

Car- 

bon 

Nickel 

Chro- 

mium 

Molyb- 

denum 

Warp 

Shoot 


1932 

16 

0.011 

90 

50 

9 

39 






8.1 


1933 

16 

0.011 

90 

50 

9 

39 





7.3 

8.0 

Bronze.. 

1937 

16 

0.011 

90 

50 

9 

39 





7.21“ 


1941 

16 

0.011 

90 

50 

9 

39 





7.21“ 



1943 

16 

0.011 

90 

50 

9 

39 





7.21“ 


f 

Box exposures 

16 

0.010 





0.13 

8.34 

18.34 



9.1 

18-8 steel | 

1932 ; 

16 

0.010 







9.7 

1933 i 

16 

0.010 









9.5 

9.2 

1 

1935 

16 












Type 316 molyb- | 
denum steel — 1 

1935 

1937 and 1941 

16 i 
16 i 

0.009 





0.07 

0.15 

7.88 

7.82 

18.0 

17.70 

2.81 

3.15<5 

7.5 ^ 
7.38** 


1943 

16 

0.009 





0.07 

12.44 

18.27 

2.13 

6.5 



® Average of 108 wires, maximum 1.6 lb., minimum 6.8 lb., standard deviation 0.155 lb. 
^ Average of 120 wires, maximum 7.8 lb,, minimum 6.9 lb., standard deviation 0.149 lb. 
* 2.95 per cent in a separate analysis. 


Screen Materials 

Ail samples of bronze screen were cut 
from one roll which was purchased in 
the open market. The bronze analyzed 
90.50 per cent copper, 9.39 per cent 
zinc, and contained no tin. The screen 
was 16 mesh and the wires were 0.011 
in, in diameter. The shoot wires were a 
little harder than the warp wires, al- 
though the wires in both directions of 
weaving were relatively hard. 

All samples of 18-8 corrosion-resistant 
steel screen were probably from one lot, 

■ with the possible' exception of the 1935 
tests... An ; analysis of the screen used 
in the 1932 tests showed 0.13 per cent 
carbon, 8,34 per cent nickel, and 18,34. 


wires were removed before the analyses 
were made. 

Test Sites 

The locations in Table I represent four 
types of atmospheres; industrial, rural, 
sulfurous, and marine. Bayonne, N. J., 
and Pittsburgh, Pa., were industrial 
locations. At Bayonne the screens were 
in the laboratory yard, not far from a 
center of oil-refining activity. At Pitts- 
burgh the screens were on the roof of a 
building adjacent to one of the railroad 
yards, a smoky spot. Basking Ridge, 
N. J., was a rural location; the screens 
were in a pasture on a farm 7 miles from 
the nearest large town. Jersey City, 
N. J., was a sulfurous atmosphere; the 
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screens \¥ere on the roof of a passenger screens were on top of a 110 to 120-ft. 
train shed where there was plenty of bluff overlooking the ocean. All the 
highly sulfurous smoke from coal-burn- marine locations were remote from 
ing locomotives. manufacturing centers. 





Fig. 2.— -Exposure Racks at Block Island Pro- Fig. 3, 
viding Bold Exposure and Complete Shelter. 


•Exposure Rack at Jersey City Provid- 
ing Partial Shelter. 


The remaining locations were marine. Exposure Racks 

At North Brigantine, N. J., the screens Four types of racks were used which 

were close to the shore. At Fire Island, provided three kinds of shelter : complete 
N. Y., they were about 200 yd. from the shelter, partial shelter, and no shelter 

ocean beach. At Block Island, R.I., the (bold exposure). The sheltered rack at 
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Bayonne is shown in Fig. 1 at the far 
left. The shelter was provided by a 
roofed shed open on all sides with an 
angle of 45 deg, between the lower edge 
of the eaves and the lowest point on the 
lowest specimen. Thus rain would have 
to descend at an angle greater than 45 
deg, from- the vertical before washing 
could occur on any screen. Drainage 
troughs were placed between each row 
of screens to prevent drip from any screen 
running down onto the one below. At 
Bayonne the boldly exposed rack was 
similar except that it was placed in the 
open without any shelter. 

The type of rack used at Block Island 
is shown in Fig. 2. The idea was to 
provide complete shelter and bold ex- 
posure as at Bayonne, but on a smaller 
scale. The roof over, the protected por- 
tion could be raised to permit easy 
installation and inspection of the screens. 

All the racks providing partial shelter 
were similar to the Jersey City rack 
shown in Fig. 3. The top portion of the 
screens was tucked under a projecting 
eave such that about the upper third of 
the screens, while open to the air, was 
protected from the wash of rain. In 
testing screen exposed on these racks 
the upper partly sheltered portion was 
frequently compared with the lower un- 
sheltered portion. 

The fourth type of rack was used only 
in the box exposures. It consisted sim- 
ply of a box wdth the test samples 
mounted on the sides and top. No 
shelter was provided. 

The method of mounting the screens 
on the racks was the same in all tests. 
Small pieces of screen, varying in size 
from 7 by 18 in. to 18 by 34 in., were 
tacked to white painted wooden frames, 
with copper tacks in the case of bronze 
screens, and monel or Inconel tacks 
in corrosion-resistant steel. Half-round 
|-in. wood molding was fastened over 
the edge of the screen with Inconel 


brads. The screen frames were then 
mounted on the solid wall of the rack, 
in such fashion as to form a box-like 
space about 3 in. deep behind each 
screen. This permitted air to circulate 
but prevented wind from blowing 
through. Screens could be mounted on 
both sides of the racks. The racks were 
painted dark green to ■ facilitate visual 
examination of the screen. 

Methods of Measuring Extent of 
Corrosion 

Periodically the screens were inspected 
carefully while still on racks. At less 
frequent intervals strips of screen were 
cut out and brought to the laboratory. 



5 TIME,YR. 

Fig. 4. — Consistency of Results. 


Black ed-in points indicate some wire'f allures. 

Individual wires were removed, their 
breaking strength determined and com- 
pared with the breaking strength of 
uncorroded wires. In most cases ten- 
sion tests were made on at least 10 
corroded wires. The remainder of the 
strip was then examined under a low- 
powered microscope both as-received 
and with the corrosion product removed. 

It developed that, in general, bronze 
screen corroded more or less uniformly, 
while if corrosion occurred on the cor- 
rosion-resistant steel screens it was in 
the form of local pits. The tension 
tests were a sensitive means of detecting 
such pitting. Where the pitting was 
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extremely local there was wide scatter 
in the breaking strengths of the wires. 
Only the average loss in breaking 
strength is recorded in the tables and 
graphs, and in addition complete breaks 
caused by corrosion of the wires are 
noted separately. The consistency of 
the results is shown in Fig. 4 where ail 
the results on partly sheltered bronze 
screen at Jersey City have been as- 
sembled. 



Fig. 5. — Box Exposures at Pittsburgh on 18-8 
Steel. 

Blacked-in points indicate some wire failures. 

Results of Tests 
Box Exposures: 

At Pittsburgh the 18-8 screens rapidly 
became covered with a thick, loose, sooty 
deposit. General corrosion was slight, 
but pitting was severe, particularly at 
intersections between the wires. As 
shown by Fig. 5 the pitting rate dropped 
off rapidly with time, and except at the 
north exposure, most pits were little 
deeper at 8 yr. than at 1 yr. However, 
more pits formed and some continued 
to grow until the wires were perforated. 

The marked variation between the 
different directions of exposure is note- 
worthy, and indicates the importance of 
considering this factor. The screen ex- 
posed facing north corroded faster than 
the others, and the one exposed hori- 
zontally much slower. It is believed 


that this variation is accounted for by 
the wash of rain, the drying action of the 
sun, and the percentage of the time wet. 
Other results have shown that the dele- 
terious effect of shelter is generally more 
important than exposure direction. 

At North Brigantine the box exposures 
rested on sand, and the burnishing action 
of wind-blown sand was definitely bene- 
ficial. Nevertheless the screens did de- 
velop rust stains and shallow pits. The 
first wire failures were observed on 
screens facing south at 7.2 yr., at .which 
time the screens were discarded. Re- 
sults are in Table III. 

TABLE III.— BOX EXPOSURES (BOLDLY 
EXPOSED). 

18-8 steel screen, exposed in April, 1932. Shoot wires 
tested, vertical except on horizontal screen. 


Location 

Time, 

yr. 

Average Loss in Strength, 
per cent 

North 

South 

East 

West 

Hori- 

zontal 

f 

O.S 

55 

48 

41 


11 

Pittsburgh \ 

2.8 

69° 1 

45 

41 


14 

1 

8.4 

100 1 

51° 

54° 


18° 

f 

0.8 

9 

19 


11 

9 

North Brigan- j 







tine** 1 

2.8 

1 

6 


16 

10 

1 

7.2 


a 





“ Some wire failures. 

® At North Brigantine east was seaward. 


1932 Tests: 

At Bayonne the bronze screens be- 
came thickly encrusted with a dark 
green corrosion product, which de- 
creased the visibility through the screen. 
Removing part of the corrosion product 
showed that it was the color of cuprous 
oxide next to the metal. The bronze 
itself corroded fairly uniformly. At 13 
yr. there were no visible breaks in un- 
disturbed screen, although wire failures 
were detected at 8 yr. by plucking out 
individual wires. Apparently the cor- 
rosion product held the screen together. 
Wires from the partly sheltered upper 
part of the screen corroded somewhat 
faster than wires from the lower un- 
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sheltered part, and the screen exposed good condition after 13 yr. with only a 
facing north corroded faster than the few sharp breaks. None of these broken 
one exposed facing south. wires happened to be ■ included in the 



Fig. 6. — 1932 Tests. 

Blacked-in points indicate some wire failures. 

In the case of 18-8 steel the difference tension tests at 12.7 yr., although a 
in shelter had a big effect. The upper disproportionate number were included 
part was in poor condition after 2 yr.; at 2.1 yr. (see Fig. 6(5)). These screens 
whereas the lower part was in fairly had a low weight loss, the loss in strength 
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being due to sharp pits. Much of the 
original surface was still present. On 
the racks the 18-8 steel screens were 
coated with a thinj loose, dark coating. 
At Basking Ridge, the 18-8 screens 
were substantially uncorroded through 


bronze and 18-8 was very rapid. Partly 
sheltered bronze lasted 4.8 and unshel- 
tered bronze 6.5 yr. (Compare Figs. 4 
and 8(C)). Partly sheltered 18-8, steel 
lasted less than 2 yr., and unsheltered 
not much longer. Ail the screens were 


TABLE IV.— 1932 TESTS. 
Vertical shoot wires tested. 




Average Loss in Strength, per cent 


Time, 

yr. 

Bronze 

18-8 Steel 

Location 

North j 

South Then East® 

North 

South Then East® 



Upper 

Lower 

Upper 

Lower 

Upper i 

Lower 

Upper 

Lower 



Partly 

Un- 

Partly 

Un- 

Partly ; 

Un- 

Partly 

Un- 



Sheltered 

sheltered 

Sheltered 

sheltered 

Sheltered ! 

sheltered 

Sheltered 

sheltered 

[ 

2.1 

18 

17 

S 

7 

78*’ i 

2 

88^ 

SS*’ 

Bayonne ■j 

5.2 

7.9 

45 

40 

73*’ 

28 

43 

100 ! 

4 

100 

100 

37 

1 

12.7 



93*^ 

74*’ 



100 

5 & 

f 

2.1 

S 

12 

6 

9 

2 

! 

0 

2 

Basking Ridge. .. . .j 

5.2 

6 

5 

8 

11 

0 

0 

0 

0 

1 

9.9 ' 



15 

14 



0 

0 

Jersey City | 

1.8 

4.8 

975 

40 

78 

33 

27 

100 

100 

42 

100 

00 

00 

100 

100 

Fire Island® | 

2.0 

5.1 

12 

17 

14 

18 



16 

47 

19 

28 

b 



® Changed to east at 5.2 yr. 

^ Some wire failures. 

^ Rack repeatedly knocked down and finally destroyed by storms; south was seaward. 


TABLE V.-1933 TESTS (BAYONNE). 


Screen Material 

Time, 

yr. 

Average Loss in Strength, per cent 

Boldly Exposed Facing North 

Completely Sheltered Facing South 

Warp 

1 Shoot 

I Warp 1 

i Shoot 

1 

Horizon- 

tal 

Vertical 

Horizon- 

tal 

Vertical 

Horizon- 

tal 

Vertical 

Horizon- 

tal 

Vertical 


0.5 


0 

5 

6 

8 

6 

15 

10 


1.0 

4 

4 

5 

5 

3 

3 

8 

5 

•n 

2.0 

16 

IS 

15 

16 

15 

19 

16 

16 


6,4 

45 

46 

65® 

55 

75® 

56 ! 

95® 

81® 


8.3 





100 

100 

100 

100 


11.1 

56 

60 

65 

76 


1 




O.S 

7 

4 

5 

4 ' 

27 

11 

30 

14 


1.0 

0 

0 

3 

0 

6 

65® 1 

52® 

64® 

18-8 steel • 

2.0 

5 

2 

56® 

2 1 

100 

100 ! 

100 

100 


6.4 

0 

0 

22 

0 I 






11,1 

9 

12 

36® 

11 






® Some wire failures. 


10 yr. The screens were generally 
bright but had some faint rusty spots 
near the top. Bronze became a uniform 
dark green but corrosion was slow (Fig. 
6 (C) and (D)). 

At Jersey City, corrosion of both 


very dirty at this location. Bronze 
corroded uniformly and 18-8 pitted. 

At Fire Island the screens were so 
repeatedly damaged by storms that 
even the early results are not considered 
too significant. It seemed clear that 
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in this marine atmosphere 18-8 was sub- 
ject to severe pitting. For a summary 
of^the 1932 tests, see Table IV. 

1933 Tests: 

The 1933 tests (see Table V) were 
conducted only at Bayonne and were 


aimed at clarifying further the effect of 
shelter and exposure conditions. A com- 
parison of Figs. 6 and 7 shows that the 
tests confirmed that sheltered 18-8 at 
Bayonne could be expected to have 
perforations in every wire by about 2 
yr., and that exposed screen could be 




r 

— 

^ , 5 

<0) 

18-8 STAINLESS STEEL 



■ 

■ 


B 





■ 

B 

B 







■ 

B 

B 

B 

B 

[[[mm 

B 

p 

B 


fl 


mm 

B 


0 2 4 68 0 24 6 8 !0 |2 14 !0 

TIME,YR. 

Fig. 7. — 1933 Tests at Bayonne. 

Blaclsed-in poiuts indicate some wire failures. 

W = Warp wires V = Vertical wires 

S = Shoot wires U = Horizontal wires 


TABLE VI.~1935 TESTS. 

North Brigantine tests. Vertical wires tested. Screens 
faced east or seaward. 


Material 

Time, 

yr. 

Average Loss 
in Strength of 
Partly Sheltered 
Sii^cimens, 
per cent 

Type 316 molybdenum steel,../ 

4.5 

13 

t 

6.4 

24® 

Type 302 corrosion-resistant 



steel 

3.5 

a 


expected to last a long time with only a 
few sharp pits and an occasional wire 
perforation. The tests also confirmed 
the deleterious effect of shelter on 
bronze screen. Completely sheltered 
bronze lasted 8.3 yr., and boldly exposed 
screen was doing better than partly 
sheltered screen. 

As compared with shelter, other con- 
ditions of exposure seemed of minor im- 


* Some wire failures. 
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portance. , In tlie case of bronze,, hard- At, the other locations there was no 
drawn shoot wires corroded somewhat real corrosion of the type 316 screens 
faster than the slightly softer warp 
wires. There was no clear-cut difference 
between the behavior of the horizontal 
and vertical wires of the screens. 

1935 Tests: 

In 1935 a direct comparison was 
started between type 302 and t3rpe 316 
steel screen in the marine atmosphere at 
North Brigantine (see Table VI). The 
screens were exposed partly sheltered. 

The type 302 screen quickly developed 
a nonuniform rusty appearance. Exam- 
ination with a magnifying glass showed 
deep undercutting pits. Wire failures 
were evident by 3| yr. 

The type 316 molybdenum corrosion- 
resistant steel screen performed much 
better. It did develop faint scattered 
rust spots which were more evident from 
the sheltered side of the screen. These 
were caused by scattered pits, most of 
which were shallow, but a few of which 
were deep. By 6.4 yr. five barely notice- 
able wire failures w^ere detected. At 
this time the average loss in strength 
was 24 per cent. Subsequently this 
exposure test was destroyed by coastal 
storms. 

1937 Tests: 

In these tests (see Table VII and Fig. 

8) a second lot of type 316 molybdenum 
corrosion-resistant steel screen was ex- 
posed at four locations in direct com- 
parison with bronze. The type 316 
screen was exposed as-received and as- 
passivated by a 20-min. immersion in 
25 per cent nitric acid at 145 F. Judg- 
ing from the test results the passivating 
treatment was not needed. 

The marine Fire Island test was lost 
in the hurricane of 1938. Inspections at 
3 and 12 months showed faint rust spots 
and streaks on the type 316 screens, 
which were more noticeable on the upper 
partly sheltered portions. 
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Fig. 8.— 193 7 Tests. 

Blacked-in points indicate wire failures. 


through 8 yr. Such performance in 
industrial and suffurous atmospheres is 
phenomenal. The screens collected loose 
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TABLE vn.— 1937 TESTS. 


Vertical warp wires tested. ; Screens faced north at Jersey City , west at other locations, except that at Bayonne boldly 

exposed screen faced south and completely sheltered north. 


Location 

Time, 

yr.' 

Average Loss in Strength, per cent 

Bronze 

Type 316 Molybdenum Steel 

As-Received 

Passivated in HNO 3 

Partly Sheltered 
Rack 

Partly Sheltered 
Rack 

Boldly 

Ex- 

posed 

Com- 

pletely 

Shel- 

tered 

Partly Sheltered 
Rack 

Boldly 

Ex- 

posed 

Com- 

pletely 

Shel- 

tered 

Upper 

Partly 

Shel- 

tered 

Lower 

Un- 

shel- 

tered 

Upper 

Partly 

Shel- 

tered 

Lower 

Un- 

shel- 

tered 

Upper 

Partly 

Shel- 

tered 

Lower 

Un- 

shel- 

tered 

( 

2.7 

18 

20 

0 

0 

0 

0 

0 

0 

0 

0 

Bayonne... 

4.6 

28 

26 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8.0 

100 

46 

0 

0 

0 

0 

0 

0 

0 

0 

Basking Bidge 

4.8 

8 

6 

0 

0 



0 

0 




2.2 

46 

31 

0 

0 



0 

0 




3.8 


57 

0 

0 



0 

0 



Jersey City * 

4.6 

97® 

65 










6.2 


91® 










7.7 



0 

1 



1 

4 




® Some wire failures. 




. 6 8 10 0 2 4 

TIME,YR. 

COMPLETELY SHELTERED 

boldly exposed 

Fig. 9.~1941 Tests at Block Island. 
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TABLE VIII.— 1941 TESTS. 

Block Island tests. Vertical warp wires tested. 




Average Loss in Strength, per cent 



North or 

South or 

Material 

Time, 

Landward 

Seaward 

yr. 

Boldly 

Ex- 

posed 

Com- 

pletely 

Shel- 

tered 

Boldly 

Ex- 

posed 

Com- 

pletely 

Shel- 

tered 

Bronze... . 

■■.3.3' ^ 
1 

12"',' 

13 

15 

10 

Type 316 

molybdenum 
steel. . . .' 

1 

3.3,' 

. ' . 3 

0 

6 

3 






dirt, but this could easily be rubbed off 
leaving the screens bright. 

The behavior of bronze screen con- 
firmed earlier results. The wire failures 
at 8 yr. were confined to the upper 2 or 
3 in. of the screen which was practically 
completely sheltered. 

1941 Tests: 

These tests^ at Block Island (see Table 
VIII and Fig. 9) were intended to sup- 
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plement earlier marine atmospheric tests 
which had been lost in storms. As at 
the other marine sites sheltered molyb- 
denum stainless steel insect screen de- 
veloped faint scattered rust spots in 1 
yr .5 and by 2 yr. unsheltered screen also 
had faint rust spots. Nevertheless' these 
screens remained predominantly bright. 
Tension tests at 3.3 yr. showed only 
slight loss in strength. Examination at 
low magnification showed an occasional 
shallow pit. 

As expected the bronze screen became 
dark green and was corroding uni- 
formly. The tests had not continued 
long enough to tell much about the effect 


TABLE IX.~1943 TESTS. 

„ Vertical warp wires tested. Screens faced south. 


Location 

i 

Time, 
yr. ' 

Average Loss in Strength, 

per cent 

Bronze 

Type 316 
Molybdenum 
Steel*^ 

Com- 

pletely 

Shel- 

tered 

Partly 

Shel- 

tered 

Com- 
1 pletely 
Shel- 
tered 

Partly 

Shel- 

tered 

Bayonne 

2.0 

22 


9 


Jersey City... . 

1.5 


28 


26® 

Block Island... 

1.8 

10 


0 



® Some wire failures. 

® Screen contains some 18-8 steel wires. 


of shelter or exposure direction. It is 
quite possible that this marine site was 
not quite as corrosive as the earlier ones 
which were located closer to the surf. 

B43 Tests: 

In 1943 another series of tests (see 
Table IX) was started comparing a third 
lot of molybdenum steel screen with 
bronze. Unfortunately it soon devel- 
oped that through error a few regular 
18-8 warp wires had been woven into 
the corrosion-resistant steel screen. This 
was established by qualitative analyses. 
The 18-8 wires corroded rapidly and 
were completely gone at Bayonne in 1 
yr. and at Jersey City at the first inspec- 
tion at 1.5 yr. They were corroding 


rapidly at^ Block Island alsOj but showed 
no perforations through 1.8 yr. 

At Block Island the presence of the 
18-8 wires did not harm the molybdenum 
steel screen, there being no loss in 
strength of the t37pe 316 wires through 
1.8 yr. However, at Jersey City and 
Bayonne it is feared that iron corrosion 
products from the 18-8 wires destroyed 
the . passivity of the wires containing 
molybdenum. It is difficult otherwise 
to account for the absence of corrosion 
in the 1937 tests and the deep pitting 
in the 1943 tests. 

Evaluation oe Test Results 

The tests established that bronze 
screen corrodes uniformly, while if cor- 
rosion occurs on corrosion-resistant steel 
screen, it is in the form of pits. Regular 
18-8 does not seem suitable as an all- 
purpose screen because it is susceptible 
to rapid pitting in corrosive atmospheres 
particularly wffiere sheltered. In the 
1937 tests corrosion-resistant steel con- 
taining 3 per cent molybdenum showed 
phenomenal resistance to corrosion in 
sulfurous, industrial, and rural atmos- 
pheres. The material used for the 1943 
tests contained only 2.1 per cent molyb- 
denum. Its behavior casts some doubt 
on the resistance of type 316 steel screens 
in sulfurous atmospheres, but it seems 
likely that the corrosion in these tests 
can be accounted for. 

There is also some doubt about the 
behavior of molybdenum steel screen in 
marine atmospheres. As yet there is no 
good comparison of the relative durabil- 
ity of bronze and type 316 screen in 
marine atmospheres, although in due 
time the 1941 and 1943 tests should fill 
this gap. It seems certain that molyb- 
denum steel screen will develop faint 
rust spots and shallow scattered pits 
in marine exposures. 

It is pertinent that recently the 
laboratory had the occasion to examine 
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a type 316 screen that had been in use 
at Miami Beach, Fla., for an unknown 
length of time. There was severe local 
pitting with some wire failures, altnough 
the weight loss was low. The pitting 
led to the formation of rust streaks. 
The rust in turn spread the pitting with 
the result that pits usually occurred in 
clusters and that wires were often pitted 
near the intersections with a rusty wire. 


Advantages of Corrosion-Resistant' 
Steel Screen 

Aside from the question of durability, 
corrosion-resistant steel has some im- 
portant advantages over bronze screen. 
It is well known that the corrosion prod- 
uct draining down from bronze screen 
will stain white paint, particularly paints 
high in sulfides. Corrosion-resistant 



Fig. 10.— Staining of Paint by Corrosion Products Draining from Screens. 


This screen analyzed 0.10 per cent car- 
bon, 10.69 per cent nickel, 17.50 per cent 
chromium, and 2.66 per cent molyb- 
denum. 

All this makes it seem probable that 
the useful life of type 316 screens in 
marine atmospheres will not be signif- 
icantly greater than that of bronze. 
The development of light rust spotting 
in sheltered areas would be expected 
to lead to customer complaints. 


steel screen would be expected to be well 
nigh nonstaining, especially since* its 
weight loss is low. This was shown by 
some tests in which small pieces of screen 
were tacked above wood freshly painted 
with white lithopone paint, and exposed 
unsheltered at Bayonne. Within a short 
time the paint underneath the bronze 
screen was badly stained, whereas that 
under the corrosion-resistant steel screen 
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was still white. The condition of the bronze screens were observed with pores 
panels after 4 months is shown in Fig. 10. completely plugged with the accumula- 
Another advantage is that corrosion- tion of dirt and corrosion product, 
resistant steel screen is strong. It can Bronze screens are difficult to clean be- 

GOOD C0N01T50N, NO WIRE FAILURES 

M first wire failures 


^ WIRE FAILURES^ BUT SOME LIFE LEFT 



Fig. 11. — Summary Showing Minimum Lives of Screens. 


be made with much greater strength cause of the adherent corrosion products 
than any other screen on the market, whereas type 316 stainless steel screens 
A third advantage is clearer vision, are readily wphed clean. 

The wires are of smaller diameter than The corrosion results to date can be 
on the bronze screen, which lets in more summarized by a diagram showing the 
air. Also the corrosion products on time in years to the first occurrence of 
bronze screen form a thick encrustation wire failures and to complete failure as 
which cuts down visibility. Many isdone in Fig. il. 



DISCUSSION 


Messrs. J. R. Freeman, Jr.^ and 
A. .W. . Tracy^ (presented in written 
form). — ^We have made exposure tests on 
a number of screen materials and have 
found none significantly superior to 
commercial bronze in resistance to 
atmospheric corrosion. Contrary to the 
results obtained by Messrs. Wesley and 
Copson, we have found the corrosion 
resistance of commercial bronze to be 


in a vertical position. The accompany- 
ing Fig. 12 shows the industrial location 
on the roof of a mill building in Water- 
bury, Conn. The 2-ft. square screens 
are on the racks in the foreground and 
screen samples, fastened over painted 
wooden panels for paint-staining tests 
are in the background. Figure 13 is a 
view of the marine location situated on a 
small island in Long Island Sound about 


TABLE X.—COMPOSITIONS OF SCREENS. 


Material 

Composition, per cent 

Coppei 

Zinc 

Silicon 

Manga- 

nese 

Nickel 

Iron 

Other Elements 

Copper 

rWarp \ 
\Shoot / 

99.961 







Bright Commercial Bronze . . 

/Warp V 
“'IShootJ 

90.55 

9.43 




0.02 


Antique Bronze 

fV' arp 
\ Shoot 

90.45 

89.77 

9.52 

10.21 




0.02 

0.01 

0.01 Pb 

0.01 Pb 

Everdur. - • • • 

/Warp 

‘\Shoot 

95.83 

95.71 

0.00 

0.00 

3.02 

2.87 

0.96 

1.12 


0.09 

0 09 


Ambrac • - 

/Warp 1 
\Shoot / 

73.66 

5.78 


0.48 

20.00 

0.08 


iVTonH ,, T 

|Warp 

26.86 



2.14 

68.37 

2.56 



\Shoot 

26.75 



2.15 

69.18 

1.88 


Inconel - 

jWarp 

I'Shoot 





80.36 

79.68 

6.40 1 
6.68 

13.24 Cr 
13.64 Cr 

Phosphor Bronze. 

_/Warp 

\Shoot 

98.18 

98.07 






1.83 Sn 

1.70 Sn 


somewhat better in industrial atmos- 
phere than in marine atmosphere. This 
discrepandy in test results probably 
only emphasizes the fact that there is a 
wide variation in corrosiveness among 
both industrial and marine exposures. 

In our tests, sdreens 2 ft. square were 
exposed on unsheltered wooden frames 


^Teclmical Manager and Assistant Metallurgist, re- 
spectively, The American Brass Co., Waterbury, Conn. 


four miles off shore. A rural test site is 
shown in Fig. 14. Only screens over 
painted wooden panels were exposed at 
this place which is about 30 miles 
northwest of Waterbury,' Conn. 

The accompanying Table X gives the 
compositions of the 2-ft, square screens. 

Table XI summarizes the results of 
tests on the 2-ft. square screens in 
industrial and marine atmospheres. A 
screen was judged to have failed when 




Fig. 13. — Screens and Painted Panels Exposed to Marine Atmosphere on Island in 

Long Island Sound. 
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Fig. 14.— Painted Panels Exposed to Rural Atmosphere at Winchester, Gonn. 







668 S-MPOsroM ON Atmospheric Weatheking of Steel 


(a) Exposed to industrial atmosphere. 


(5) Exposed to marine atmosphere. 


Exposed to rural atmosphere. 


Fig. 15. — Painted Panels Under Commercial Bronze Screen Exposed 2 yr. 


A and B. . . 100 per cent white lead 
50 per cent white lead 
SO per cent zinc oxide 
IQO per ■ cent" zinc oxide ■: ' 

40 per cent white lead 
f 30 per cent barium sulfate 
A 20 per cent zinc oxide 
10 per cent titanium oxide 


! 45 per cent barium sulfate 
35 per cent zinc oxide 
20 per cent titanium oxide 
90 per cent basic lead sulfate 
V ..... . , . jQ pgj. 2 inc oxide 

/ 50 per cent basic lead sulfate 

■ ■ '\ 50 per cent zinc oxide 

J.. , Lithopone 

K .100 per cent zinc oxide enamel 
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holes or tears occurred that were con- 
sidered large enough to permit passage 
of house flies. 

■ Failure of the Ambrac and monel 
screens was due to general thinning of 
the wires. Failure of the other screens 
was usually due to pitting. It will be 
noted from a consideration of Table XI 
that none of the other screens was 
significantly superior to commerical 
bronze at either the industrial or marine 
location. None of the meshes of the 
screens became plugged with corrosion 
products at either of the test sites. 

Figure 10 in the Wesley and Copson 
paper shows a bronze screen over a 
wooden panel, painted with lithopone 


panels' identify the type of paint used 
(see figure caption). 

It will be noted that severe staining 
has taken place on the paints high- in. 
zinc pigments, very little' staining has 
occurred on the white lead ' or basic 
lead sulfate paints, and no staining has 
occurred on the paints containing 
titanium oxide. 

Figure 15{b) represents another group 
of the same type of specimens exposed 
2 yr. to marine atmosphere. Only the 
lithopone-painted panel is badly stained. 

Figure 15 (c) represents similar speci- 
mens exposed to rural atmosphere for 
2 yr. Here again only the high-zinc 
pigmented paints are stained. 


TABLE XI.-LIFE OF 16-MESH SCREENS EXPOSED TO INDUSTRIAL AND MARINE ATMOSPHERES. 


Material 

Industrial Atmosphere 

Marine Atmosphere 

1 

Date of ! 
Exposure 

Time to 
First Wire 
Break, yr. 

Failed, yr. 

Date of 
Exposure 

Time to 
First Wire 
Break, yr. 

Failed, yr. 

Copper 

Dec. 1928 I 

9U 

9U ^ 

Nov. 1928 

6 


Bright Commercial Bronze 

Dec. 1928 

No breaks in 17 yr. 

Nov. 1928 

m 

9H 

Antique Bronze 

Dec. 1928 

15H 

16H \ 

Nov. 1928 


m 

Everdur 

Dec. 1928 

UH 

15 i 

Nov. 1928 

6 

9 

Ambrac 

Dec 1928 

9H 

15 i 

Nov. 1928 


8M 

Monel — 

Dec. 1928 


6 \ 

Nov. 1928 


S 

Phosphor Bronze 

Jan. 1929 

No breaks in 17 yr. j 

Jan. 1929 


13H 

Inconel 

June 1935 

! ! 

1 1 

June 1935 

SM 

9 ' 


paint, and the paint shows severe 
staining. This type of paint is quite 
readily stained by iron rust or copper 
salts. We have made a large number of 
paint-staining tests. Panels painted 
with various types of paint were exposed 
to industrial weathering for 2 yr. at the 
site in Fig. 12. The panels were 
exposed at an angle of 45 deg. from the 
horizontal and facing south. The panels 
are 18 by 6 by | in, A piece of 16-mesh 
commercial bronze screen is wrapped 
around the panel near the upper end so 
as to cover an area of about 6 by 6 in. 
Figure IS is a photograph taken 
outside the laboratory Wilding after 
the panels were removed from the test 
site. The letters at the top of the 


Mr. V. V. KENDALL.^—Did you have 
any 18 per cent chromium, 8 per cent 
nickel alloy screens to compare with the 
other metallic materials? 

Mr. Tracy,— N o. Our tests were 
started around 1930 and no 18 per cent 
chromium, 8 per cent nickel alloy 
screening was available at that time. 

Mr. Kendall. — ^Is the commercial 
bronze you tested of the approximate 
composition of the bronze the authors 
tested? 

Mr. Tracy. — It is the same approxi- 
mate composition. 

' Mr. Kendall.— Why the ' diflerence 
in the stain? The authors show stains 
by the commercial bronze and not by 
the 18-8 alloy (Fig. 10). 


s National Tube Go., Pittsburgh, Pa. 



readyhixed 

Fig. 16.— Staining of White Paints by the Wash from Metallic Salts, 
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Me. H; R. Copson {author ), — ^The 
discussion presented by Messrs. Freeman 
and Tracy comprises a valuable addition 
to our knowledge of the behavior of 
insect screen materials. As brought 
out by Mr. Kendall, Freeman and 
Tracy did not test “stainless’’ steel insect 
sch'eens. It was the purpose of the 
paper to call attention to this screen 
material and to show that it did have 
some distinct advantages over commer- 
cial bronze. 

The screens exposed by Freeman and 
Tracy appear to have been tested only 
in a boldly exposed manner. As pointed 
out in the paper, shelter greatly accel- 
erates wire failures. This difference 
in testing procedure may account in 
part for their reverse rating of the 
relative corrosivity of marine and in- 
dustrial atmospheres with respect to 
bronze screen. We believe that testing 
only boldly exposed screen is apt to 
be misleading if the results are used to 
predict screen life in general household 
service. 

Freeman and Tracy appear to have 
relied on visual examination to detect 
failures, whereas in the paper great 
reliance was placed on tension tests. 
The two methods can give greatly 
different results. In the 1932 tests at 
Bayonne, there were no visible breaks 
in undisturbed bronze screen through 
13 years, although individual wire 
failures were detected at 8 years by 
plucking out individual wires. Appar- 
ently in the case of bronze screen, thick 
layers of corrosion product obscure 
breaks and hold the screen together. 
The importance of this is difficult to 
evaluate. The undisturbed screen 
would certainly keep out house flies, 
but it was weak and would not stand 
any mechanical abuse such as might be 
inflicted by children, dogs, or the 


customary handling in spring and fall. 

In both sets of tests the screens were 
exposed continuously. The usual 
practice of storing insect screens in a 
dry place during winter months would 
be expected to greatly increase service 
life. 

The remarks made by Freeman and 
Tracy with regard to the effect of paint 
formulation on staining are well taken, 
and confirm conclusions drawn at this 
laboratory on the basis of extensive 
tests by G. L. Cox of our company 
under the direction of W. A. Wesley. 
The significant point is that a lithopone 
paint is about the most easily stained, 
and as shown by Fig. 10 the wash from 
stainless steel screen produced no stain- 
ing of this paint. House paints are not 
usually selected with staining in mind, 
and unsightly stains beneath bronze 
screen are a common occurrence on 
newly painted houses. “Stainless” steel 
screens should eliminate any chance of 
this disfigurement. 

With regard to the tests made by G. L. 
Cox, not only were screen samples 
mounted above painted panels, much in 
the manner of Freeman and Tracy, but 
the effect of individual corrosion products 
was studied. In this connection, Fig. 16 
may be of interest. Painted wooden 
panels, 5 by 10 by f in., were wrapped 
with narrow canvas bags containing 
metallic salt crystals, and exposed 
vertically at Bayonne. Copper and 
iron salts were particularly active in 
producing staining. 

In answer to the question by Mr. 
Kendall, the reason there was no stain- 
ing under the “stainless” steel screen in 
Fig. 10 is simply that there was practi- 
cally no weight loss and hence no cor- 
rosion product. 


» Reading Steel Casting , Div., American Ciiain and 
Cable Co., Inc., Eeadmg, Pa. 
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' Mr. L. W. Hopkins.^ — I should like 
to: ask Mr. :Copsoii whether his 18 per 
cent chromium, 8 per cent nickel alloy 
screens were passivated. 

Mr. Copson. — On the type 316 screens 
we ran a comparison between screens 
which were passivated in nitric aqid 
and some which were as- received and it 
did not make any difference that - we 


could see. Of course the type 316 
screens did not corrode much anyhow. 
I am not sure about the 18-8 screens, 
whether they were passivated or not. 
I do not think it , would make any 
difference. These were long-time ex- 
posures and the effect of any initial 
passivation wmuld wear out. 



RESULTS OF 15 YEARS’ EXPOSURE TESTS ON CORROSION- 

RESISTANT STEELS^' 

By I. V. Williams^ and K. G. Compto# 


Synopsis 

This paper discusses the results of the exposure of ten corrosion-resistant 
steels to New York City atmosphere for 15 yr. These steels represented five 
different alloys and were manufactured by four different companies. The 
loss in tensile strength of all alloys was small. The 13 per cent chromium 
steels showed considerable surface rust. The 18 per cent chromium, 8 per 
cent nickel and the 17 per cent chromium steels rusted slightly. 


In 1928 it was decided to conduct an 
investigation of the resistance to atmos- 
pheric corrosion of several corrosion- 
resistant irons and steels which were 
commercially available. There was no 
information available at that time as to 
the actual corrosion resistance of these 
alloys under normal long-time exposures. 
Since then the use of corrosion-resistant 
steel has become very widespread and 
considerable experience in their use has 
been obtained. The purpose of this 
paper is to describe the tests that were 
conducted on the corrosion-resistant 
steels and to evaluate their corrosion 
resistance. 

Test Program 

As a preliminary step to the major 
exposure program, a group of sheet 
corrosion-resistant steels was selected to 
determine the proper surface preparation 
for the samples so that a uniform result 
could be obtained and so that the most 
favorable surface conditions could be 


Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Members of '1 echnicai Staff, Bell Telephone Labo- 
ratories, Inc., New York, N. Y. 


selected. Samples of these materials 
were treated by the following surface 
preparation methods : sandblasting, grind- 
ing, pickling, pickling followed by light 
sandblasting, pickling followed by polish- 
ing, and scratch brushing. 

The pickling was done in a 3 to 5 per 
cent nitric acid solution to which 1 per 
cent of hydrochloric acid had been 
added. These preliminary samples were 
exposed to a modified outdoor exposure 
test for several months. At the end of 
that time it was found that those samples 
which had been pickled and then given a 
light sandblast showed the best condi- 
tion, and this surface preparation method 
was chosen for all of the samples covered 
by this paper. 

These tests were started in 1930. 
Five different types of corrosion-resistant 
steels were tested, representing four 
different manufacturers and totaling ten 
steels in all The chemical analysis and' 
identification of these alloys are shown in 
Tablel. 

The steels were evaluated by examina- 
tion of the condition of the surface, by 
weight-loss measurements, and by deter- 
mination of the loss of tensile strength 
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and elongatio!!. :For the surface exami- 
nation and weight-loss determination, 
sample sheets 9 by 12 in, were provided 
while standard A.S.T.M. sheet tension 
specimens (Fig. 3, Standard Methods of 
Tension Testing of Metallic Materials 
(E 8 ~ 42)^) were used for the determina- 
tion of the loss in physical properties. 
These samples were dmded into three 
groups; one group referred to as the shelf- 
life specimens was kept indoors in a 
storeroom to be used as check specimens 
so that any changes in physical proper- 
ties due to aging could be segregated 
from results of the corrosion tests. The 
other two groups were exposed to the 


TABLE I.-ANALYSIS AND IDENTIFICATION OF 
CORROSION-RESISTANT STEELS. 


Alloy 

Composition, per cent 

Nickel 

Chromium 

Carbon 

lA... 

7.51 

18.66 

0.17 

IB i 

9.49 

17.55 

0.27 

ID... 

9.04 

16.40 

0.15 

2A 

0.16 

16.66 

0.15 

3A 

0.22 

12.30 

0.16 

3B 

0.12 

12.49 

0.062 

3C 

0.04 

12.37 

0.042 

4B 

0.12 

13.31 

0.46 

4C 

0.12 

12.25 

0.41 

SB 

23.83 

8,60 

0.12 


atmospheric corrosion on roofs in New 
York City. 

The atmosphere in this location was 
found to be highly industrial in character 
and severely corrosive; the sulfur dioxide 
content is considerably above that 
normally found in city atmospheres and 
a relatively high percentage of dust is 
present. One group of specimens which 
was exposed on a roof 50 ft, above street 
level was also subjected for part of the 
exposure period to an additional simu- 
lated rainfall This spray was supplied 
three times daily for 15-min. periods 
during 8 months, from April to Decem- 
ber. After 8 yr. of the 15-yr. test, this 
spray was discontinued, since results on 
tests up to that time had shown no 


difference in the corrosion rate of these 
steels. The remaining specimens were 
exposed on a roof 150 ft. above the street 
level and were not subjected to. the 
simulated rainfall. After 10 yr. of the 
test, all of the specimens were con- 
solidated on this higher location. 

The 13 per cent chromium type corro- 
sion resistant steels were all tested in the 
heat-treated condition. These alloys 
were heat-treated at 1800 F., quenched in 
oil, and drawn at 900 F. for | hr. All of 
the other alloys were tested in the 
as-received condition. 

The tension values were determined on 
an Amsler 20,000-lb . testing machine using 
a maximum free head speed of 0.25 in. 
per inch of gage length per minute. Rock- 
well hardness tests were made on the 
hardened materials using the C scale. 
The B scale was used for the other alloys. 
Ten specimens from each alloy were used 
for the initial tests. Five specimens of 
each material were used for the 1, 10, 
and IS-yr. tests. Only one or two 
specimens were tested at the 2- and 3-yr. 
intervals to determine whether any 
appreciable change had occurred. Six 
of the 9 by 12-m. panels were exposed at 
the same time as the tension specimens. 
The panels were weighed before being 
exposed. These panels were weighed 
every six months during the first three 
years. The weighings were then dis- 
continued since no appreciable weight 
loss was recorded. At the end of the 
15-yr. period, three of the panels were 
weighed as removed from the roof and 
were then stripped of corrosion products 
in an inhibited hydrochloric acid solution 
and reweighed. The stripping process 
continued until a constant weight was 
obtained. One aUoy, No. 5B, did not 
lend itself well to this method in that the 
base metal seemed to flake off under the 
influence of the acid; Sandblasting was 
resorted to, although this method did not 
yield entirely satisfactory results. As a 


2 1944 Book of A.S.T.M. Standards, Part I, p. 962. 
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result^ the corrosion values given for this 
alloy are problematical j particularly in 
view of the slight loss in physical 
properties. 

Physical Tests 

Physical tests were made on the ten- 
sion specimens at the end of 1, 2, 3^ 10, 


I. Table II shows the physical proper-; 
ties obtained on the materials as tested. 
The weight-loss measurements are shown 
in Table III and are expressed both in 
terms of milligrams loss per square inch 
per 15 yr. as well as thousandths of an 
inch penetration per 15 yr. No attempt 
has been made to express corrosion in 


TABLE II.— mechanical PROPERTIES OF CORROSION-RESISTANT STEELS. 


Alloy 

Exposure 

Initial 

lyr. 

2 yr. 1 

3yr. 

10 yr. 

ISyr. 

Ultimate 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 

Rockwell 

Hardness 

Ultimate 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 

Ultimate 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 

Ultimate 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 

Ultimate 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 

Ultimate 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 

lA.... 

Shelf life 

110 100 

66 

B98 







100 700 

60 

101 300 

58 


50-ft.roof 




107 500 


Ill 000 


106 600 

62 

103 000 

57 




ISO-ft.roof 




lOS 100 


110 300 


107 700 

60 

100 500 

56 

104 200 

57 

IB..,. 

Shelf life ^ 

108 100 

64 

B98 

106 600 




108 000 

63 

111 700 

55 

114 SOO 

57 


SO-ft.roof 




105 600 

56 

108 900 


105 700 

62 

102 900 

59 




ISO-ft.roof 




106 400 

59 

108 200 


105 300 

60 

103 000 

58 

103 800 

60 

ID... 

Shelf life 

119 700 

74 

B99 





120 500 

65 

101 000 

65 

102 300 

60 


SO-ft.roof 




104 000 

1 67.0 

119 400 


105 100 

75 

102 400 

62 




ISO-ft. roof 




100 400 

68.0 

117 SOO 


119 600 

:59 

107 400 

66 

99 300 

64 

2k.... 

, Shelf life 

75 200 

28 

B91 






1 

74 500 

27 

74 100 

27 


SO-ft.roof 









! 

74 200 

26 




ISO-ft.roof 










74 900 

27 

73 900 

27 

3A... 

. Shelf life 

214 200 

7.S 

C48 







206 900 

6.7 

201 100 

8.0 


SO-ft.roof 




206 600 

6.0 

215 100 


211 600 

7.0 

211 200 

; 7.4 




ISO-ft.roof 




208 900 

8.0 

213 300 j 


211 500 

8.0 

210 700 

6.5 

209 900 

6.3 

JB... 

. Shelf life 

171 800 

7.0 

C44 

166 600 




166 800 

8.0 

172 400 

9.6 

171 400 

8.8 


SO-ft.roof 




170 000 

9.0 

166 000 


170 200 

8.0 

170 000 

8.0 




ISO-ft.roof 




177 900 

9.0 

186 600 


176 100 

8.0 

174 400 

9.4 

163 800 

! 8.0 

3C..., 

. Shelf life 

175 700 

7.7 

C39 

179 300 

9.5 



177 000 i 

7.5 1 

173 500 

8.0 

177 000 

8.3 


SO-ft.roof 




176 000 

8.0 

180 800 


167 600 

7.0 

172 SOO 

8.0 




150-ft.roof 




175 000 


178 000 


180 300 

10.0 

174 000 

8.7 

174 500 

7.4 

4B..., 

, Shelf life 

216 900 

3.0 

C48 







211 100 

2.5 

207 000 

3.0 


SO-ft. roof 






207 700 


214 400 

3.0 

207 000 

2.1 




ISO-ft.roof 




215 000" 

3.0 

202 son 


217 100 


205 400 

1.5 

207 000 

3.0 

4C... 

. Shelf life 

225 100 

4.0 

C49 





218 500 

2.0 

226 300 

S.5 

222 400 

3.6 


50-ft. roof 




217 200 


221 000 


236 000 

4.0 

208 200 

1.3 ; 




150-f t. roof 




221 600 

‘ 9‘.6 

214 000 


238 000 


215 200 

2.3 

206 SOO 

1.8 

SB... 

. Shelf life 

102 900 

33 

B98 

97 700 




98 700 

34 

95 600 

32 

96 200 

30 


50-ft.roof 




95 300 


97 SOO 


98 700 

33 

94 600 

32 




1 50-ft. roof 




100 300 

3^’ 

99 300 

1 .... 1 100 700 

34 

96 400 

33 

90 600 

32 


and 15 yr. When this test program was 
originally planned, tests were to have 
been made each year over a S-yr. period. 
However, so little changes occurred at 
the end of 3 yr. that the program was 
continued for 15 yr. 

Test Data 

The composition and , identification of 
the materials tested are shown in Table 


terms of weight loss per unit area or 
penetration per year, since this would 
assume corrosion at a uniform rate, 
which in all likelihood would be an 
incorrect assumption. The appearance 
rating of the alloys after IS yr. is indi- 
cated in Table IV. 

From the . visual examination of the 
materials, alloys lA, ID, and 2A wem 
excellent from the standpoint of resist- 
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ance to corrosion and are slightly than alloy lA and fall in approximately 
superior to the other steels. Alloy SB the same grouping with the exception of 
has the poorest corrosion resistance of alloy 4B which is slightly inferior. 



TABLE III.-WEIGHT-LOSS MEASUREMENTS 


Alloy 

Sam.ple 

Weight, g. 

Loss per 15 

Penetration 

Original 

3 yr. 

15 yr. 

15 yr. 
Stripped 

Loss 

yr., mg. 
per sq. in. 

per 15 yr., 
in. 

lA 

No. 4 

835.97 

835.97 

836.9 

836.5 

0.3 

1.4 

0.000011 


No. 11 

816.78 

816.77 

817.6 

817.2 

0.4 

1.9 

0.000014 

IB.... 

No. 1 

888.36 

888.40 

888.9 

888.1 

0.3 

1.4 

1 0.000011 


No. 8 

911.88 

911.89 

912.5 

911.5 

0.4 

1.9 

0.000014 


No. 19 

850.55 

850.45 

850.0 

850.0 

0.6 

2.8 

0.000021 

ID 

No. 1 

841.58 

841.54 

842.0 

840.7 

0.9 

4.2 

0.000032 


No. 13 

841.58 

841.57 

842.1 

841.5 

0.1 

0.5 

0.000004 


No., 17 

840.48 

840.44 

841.0 

840.0 

0.5 

2.3 

0.000018 

2 A 

No. 1 

888.79 

888.80 

889.5 

889.8 

0.0 

0.0 

0.000000 


No. 2 

885.35 

885.35 

885.9 

885.2 

0.2 

0.9 

0.000007 


No. 3 

861.64 

! 861.65 

862,5 

861.4 

0.2 

0.9 

0.000007 

3 A 

No- 2 

729.33 

729.29 

729.5 

727.7 

1.6 

7.4 

0,000058 


No, 9 

752.10 

752.10 

752.3 

750.5 

1.6 

7.4 

0.000058 


No. 13 

764.42 

764.40 

764,5 

762.0 

2.4 

11.1 

O.OOOOS8 

3B 

No. 2 

845.14 

845.11 

845.3 

844.7 

0.4 

1.9 

O.OOOOIS 


No. 5 

848.90 

. 848.89 

849.5 

848.0 

0.9 

4.2 

0.000033 


No, 6 

803.31 

803.31 

803.5 

802.4 

0.9 

4.2 

0.000033 

3C i 

No, 2 

859.31 

859.30 

859.9 

851.5 

7.8 

36.0 

0.000284 


No. 4 

812.38 

812.37 

812.8 

811.4 

1.0 

4.6 

0.000036 


No. 8 

776.15 

776.12 

776.3 

774.8 

1.4 

6.5 

0.000051 

4B 

No, 4 

843.51 

845.49 

846.1 

837.1 

6.4 

29.6 

0.000233 


No. 6 

852.83 

854.13 

854.7 

848.1 

4.7 

21.8 

0.000171 


No. 10 

817.85 

818.97 

819.6 

812.1 

5.7 

26.4 

0.000208 

4C 

No. 1 

600.32 

600.30 

600.9 

599.7 

0.6 

2.8 

0,000022 


No. 2 

540.88 

540.87 

541.1 

539.1 

1.8 

8.4 

0.000066 


No. 9 

515.91 

515.87 

516.5 

514.9 

1.0 

4.6 

0.000036 

SB.. i 

No. 1 

919.54 

922.00 

941,6 

826.0“ 

93.5 

433.0 

0.003330 


No. 2 

898.10 

900.11 

918.8 

817.2“ 

70.9 

328.0 

0.002520 


No. 14 

903.98 

906.07 

923.1 

815.2“ 

87.8 

406.0 

0.003160 


® Were stripped by sandblasting. 


TABLE IV .-APPEARANCE OF CORROSION- 
RESISTANT STEELS AFTER 15 YEARS^ 
OUTDOOR EXPOSURE. 


Alloy Appearance 

lA, ........ Very slight discoloration. Mostly dirt. 

IB... 80 per cent mottled dark stains. Numerous 

small rust spots. 

1D“, ....... 25 per cent dark stain. Few rust spots. 

2A, 30 per cent dark stain. Many very small 
rust spots. 

3A......... 70 per cent dark stain. Some small rust 

stains.' 

3B, .. . , . . . . Two panels about SO per cent mottled dark 
rust stains. One panel 100 per cent dark 
stain. Some small rust stains. 

3C...., .... 95 per cent very dark stain. 25 per cent 
dark red rust. 

4B®... ... . , 80 per cent mottled dark stain. Numerous 

small rust spots. 

4C 90 per cent mottled dark stain. Numerous 

small rust spots. 

5B® . . ...... 100 per cent very dark brown rust. Surface 

stippled. 


“ Side exposed to east about 50 per cent less stain. 

any of the steels tested. The remaining 
steels are slightly less corrosion-resisting 


Discussion and Results 

None of the alloys tested showed any 
serious loss in physical properties over 
the 15-yr. period of exposure. Alloy 
SB is the only one which showed a 
consistent but minor loss in physical 
properties over the complete series of 
tests. '.Also it is the only steel, which 
had a heavy rust deposit all over the 
surface and an appreciable weight loss. 
This alloy is not commonly listed as a 
corrosion-resistant steel and was in- 
cluded in this test to observe the com- 
parative effect of chromium and nickel 
on the corrosion resistance of steels. 

It is interesting to note that one of the 
best alloys as far as corrosion resistance 
is concerned is the 17 per cent chromium 
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alloy, while the other is a standard 
18 per cent chromium, 8 per cent nickel 
alloy of the type 302 composition. The 
13 per cent chromium alloys stood up 
very well as far as loss of physical 
properties is concerned, although they 
were completely covered with corrosion 
at the completion of the test. It will be 
noted that there is a large variation in 
carbon content of these 13 per cent 
chromium steels, which is reflected in the 
initial physical properties, but which 
does not seem to have had much effect 
on the corrosion resistance. None of the 
specimens used in this test was given the 
nitric acid passivating treatment which is 
generally recommended for corrosion- 
resistant steels. Such a treatment might 
have had some effect on tarnish resistance 
of the 18 per cent chromium, 8 per cent 


nickel type alloys, but since the loss in 
tensile strength and weight loss on these 
specimens was negligible, it does not seem 
that its omission could have affected 
these results. 

Conclusions 

The data obtained from this investiga* 
tion would indicate that any of the steels 
tested, with the possible exception of 
alloy 5B, are satisfactory for use under 
normal outdoor atmospheric conditions 
for those applications where appearance 
is not a requirement. The 17 per cent 
chromium steel and two of the 18 per 
cent chromium, 8 per cent nickel alloys 
stood up very well and seem satisfactory 
for exposure for applications where 
appearance is an important factor. 


FATIGUE TESTS ON SOME ADDITIONAL COPPER ALLOYS^ 
By Alton R. Akdeeson/ Emery F. Swan/ and Earl W» Pali^ier^ 


Synopsis 

A previous paper (l)® from this laboratory presented correlated endurance 
and tension test results for a number of hard-drawn copper-base alloys. 
The present paper includes similar data on several other commercially im- 
portant copper-base alloys, and also data on some of the original alloys in 
the annealed condition or in additional tempers. Pertinent information 
regarding composition, fabrication, structure, and other properties is also 
included. 

Small ready-to-finish grain size in a hard-drawn copper-silicon alloy 
(Everdur 1010) and small final grain size in annealed phosphor bronzes 
(grades C and D) are shown to result in materials having decidedly better 
endurance properties than the same alloys finished from or annealed to larger 
grain sizes. 

The data presented here and in the previous paper indicate that for 
phosphor bronzes the optimum amount of cold working for best endurance 
behavior decreases with increase in tin content. 


Since the publication in 1941 of a 
paper from this laboratory, “Fatigue 
Tests on Some Copper Alloys’^ (l), 
important compilations including newer 
data have been published by Battelle 
Memorial Institute ( 2 ), Everhart, Lind- 
lief, Kanegis, Weissler, and Siegel ( 3 ), 
and by Donaldson ( 4 ). These taken 
with Giilett’s 1932 summary (5), give a 
fairly good coverage of endurance studies 
on copper and its alloys up to 1943. 
Since then Burghoff and Blank (6) 
have described the endurance properties 
of a number of important copper alloys 
in wire form. 

The present paper contains correlated 


Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Research and Development Engineer, American 
Metal Hose Branch (formerly Research Assistant, Copper 
Alloys Research Laboratory), American Brass Co., Water- 
buryj^C^)onn. 

2 Research Assistant and Research Metallurgist, re- 
spectively, Copper Alloys Research Laboratory, Ameri- 
can Brass Co., Water bury, Conn. 

s xhe boldface numbers in parentheses refer to the 
references appended to this paper, see p. 690. 


endurance and tension test data on 
several commercially important copper- 
base alloys, including some of the previ- 
ously reported cold-worked alloys now 
studied in the annealed condition or in 
additional tempers. Specifically, test 
data are presented for the following: 

Electrolytic tough pitch copper — 
annealed 

63-37 brass — ^half hard; extra hard 
Three leaded brasses — ^hard 
Five phosphor bronzes — several 
tempers and anneals 
70-30 cupro-nickel — ^hard . 
Copper-nickel-zinc alloy (Ambrac 
850) — ^hard 

18 per cent nickel silver — ^hard 
Two copper-cadmium alloys 
(Hitenso BB and C) — hard; 
annealed 

Three aluminum bronzes— hard , 

Two copper-silicon alloys (Everdur 
1010 and 1015} — ^hard; annealed 
Copper -aluminum -silicon . alloy 
(Everdur 1014) — hard; annealed 
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Free cutting yellow 
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Forging brass 250 
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Phosphor bronze 314 

Phosphor Bronze 316 

Super Nickel 701 
Nickel Silver IS per 
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Ambrac 850 

Ambraloy 928 

Avialite 915 

Ambraloy 917 
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Everdur 1014 
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Everdur 1014 
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Copper figure includes silver. .5 values indicate range of a nonuniform grain si^; single values are for uniform grain size. 

Obtained from deviation curves corrected for true stress and true strain. ® Alloys containing two or more phases in which grain size is of little significance. 
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The present determinations were made 
on specimens machined from |-in. 
diameter commercially fabricated rods, 
the tension specimens having a 2-in. 
gage length of 0.313-in. diameter, and 
the R. R. Moore type rotating-beam 
fatigue specimens a 0.300-m. minimum 
diameter. Tension tests were performed 
in accordance with the refined technique 
described by Smith (7), true stress-true 
strain corrections (s) being applied where 
significant. Endurance tests were per- 
formed on carefully polished specimens 
(finished with alundum 600) according 
to the procedure descrif)ed in the previous 
paper (l). For all tests the specimens 
were run at 3500 rpm. and each curve 
carried out at least to 300,000,000 cycles. 
The figures obtained are believed to 
approximate ideal endurance strengths 
in air, from which the effects of various 
factors such as notches, corrosion, and 
the like may later be evaluated. 

Discussion of the work may con- 
veniently be divided into four parts as 
follows: 

1. Tests on various new materials 
and on additional tempers of materials 
previously reported. 

2. Tests showing the effects of dif- 
ferences in ready-to-finish grain size on 
the endurance and other properties of ‘a 
commercially hard copper alloy (Everdur 
1010 ). 

3. Tests showing the effects of dif- 
ferences in grain size on the endurance 
and other properties of some annealed 
copper alloys (phosphor bronzes). 

4. Tests showing the effects of varia- 
tions in the amount of cold work on the 
endurance and other properties of several 
copper alloys (phosphor bronzes, 63-37 
brass and Everdur 1010). 

' New Materials and Additional. 

Tempers 

The stress-cycles curves for the various 
new materials and for additional tempers 


of materials previously reported, are 
plotted in Fig. 1 and data concerning 
other properties are summarized in Table 
I. With the aid of this table, it is 
thought the curves need little explana- 
tion. The generally higher endurance- 
tensile strength ratios of annealed ma- 
terials, as compared with the same alloys 
cold-worked, has often been reported 
( 9 , 10 , 11, 12, 13 , 14 ). An unusual 
situation wherein a metal when cold- 
worked has a higher endurance-tensile 
strength ratio than when annealed is 
indicated by the tests on electrolytic 
tough pitch copper, (The curve shown 
for the hard-drawn material is repro- 
duced from the previous paper.) This 
is in agreement with McAdam^s work 
( 12 , 14 ) on the same material. 

With respect to the data on the 
copper-aluminum-silicon alloy (Everdur 
1014), curves 1 and 2 for alloy 5432 
represent the back and front ends, i 
respectively, of the same extruded rod, 
unmachined specimens from both ends 
being annealed together under con- 
trolled conditions in the same laboratory 
furnace. The anneals, therefore, are 
believed to be comparable. Curves 1 
and 2 of alloy 5211 represent tests made 
on hard and annealed specimens, re- 
spectively, cut from adjacent segments 
of a different rod which had been ex- 
truded at a somewhat higher tempera- 
ture.^ It should also be noted that the 
anneal used on these latter specimens 
(5211-2) differed from that used on the 
first ones. There is no reason to believe 
that these four series of tests include the 
extremes in endurance performance ob- 
tainable with material of this general 
composition. However the alloy ob- 
viously is subject to considerable varia- 
tion in properties with mill treatment, 

<With this alloy, extrusion temperature has a pro- 
found effect on the structure of the metal, over and beyond 
grain size and amount of ‘ ‘cold” work. Material extruded 
relatively hot leaves the die as one phase (kappa) and 
thereafter precipitates out the second phase (alpha). At 
lower temperatures the material is in a duplex condition 
during extrusion . 
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MILLION CYCLES TO FRACTURE 

Fig. 2. — S~N Curves of Hard-Drawn Everdur 1010 Showing Effect of Ready-to-Finish 
Grain Size on Endurance. 

TABLE II.—COMP ARISON OF COMMERCIALLY HARD® EVERDUR 1010 ROD FINISHED FROM 

DIFFERENT GRAIN SIZES. 


Grain size prior to final cold work, mm. . 
Laboratory alloy 


Analysis, per cent 


Manganese 

Zinc 

Iron 

Modulus of elasticity, psi. (X 10"®)^ 

Stress for 0.0002% offset, 

Stress for 0.002% offset, psi.^ 

Stress for 0.02% offset, psi 

Stress for 0.2% offset, psi 

Yield strength, 0.5% Ext., psi 

Tensile strength, psi 

Elongation, per cent 
Gage length == 2 X 0.313 in. diameter . . 
Gage length = 4D X 0.313 in. diameter 

Reduction of area, per cent 

Rockwell hardness 

Endurance Strengths, psi.*^ 

for 0.1 X 10® cycles 

for 1 X 10® cycles 

for 10 X 10® cycles 

for 100 X 10® cycles 

for 300 X 10® cycles. 

for 1000 X 10® cycles 

estimated uncertainties 

Ratios 

End. Str. at 300 X 10® cycles^ 

Tensile Strength 
End. Str. at 300 X 10® cycles 
Yield Strength (0.5% Extension) 


0.175 
No. 4207 

0.110 
No. 3198 

0.025 

No. 4208 

0.300 
No. 5015 

0.175 
No. 5014 

0.015 

No. 5012 

95.65 

95.51 

95.68 

95.65 

95.65 

95.65 

3.07 

3.11 

3.08 

3.20 

3.20 

3.20 

0.92 

1.04 

0.94 

0.94 

0.94 

0.94 

0.20 

0.15 

0.15 

0.20 

0.20 

0.20 

0.10 

0.15 

0.11 

0.13 

0.13 

0.13 

14.20 

14.65 

14.47 

14.58 

14.41 

14.44 

16100 

19 300 

19 500 

8 000 

12 400 

10 000 

25 600 

28 500 

30 400 

18 700 

20 100 

17 300 

47 500 

47 700 

53 000 

40 700 

41 700 

42 000 

82 800 


92 000 

76 800 

77 800 

84 000 

63 600 

64 200 

66 100 

61 200 

61 100 

62 300 

95 000 

97 100 

106900 

93 500 

95 300 

107 100 

11.7 

12.8 

8.8 

14.5 

13.3 

11.0 

17.2 

18.4 

12.8 

21.6 

19.2 

18.4 

55.8 

61.7 

39.0 

71.3 

66.5 

58.4 

B97.0 

B99 

BlOO 

B96 G77 

B97 G77 

B98 G80 

55 000 

59000 

66 500 

52 000 

S3 500 

63 500 

41 000 

40 000 

51000 

36 000 

37 000 

47 000 

31 500 

34 500 

44 000 

28 500 

29 500 

41 000, 

28 500 

33 500 

42 000 

! 25 500 

26 500 

39 500 

28 000 

33 500 

41 500 

1 24 500 

26 000 

39 OOO^ 

28 000 

33 500 

41 000 

! 24 000 

25 500 

38 500 

dblOOO 

±1000 

±1000 

±1000 

±1000, 

±1000 

0.30 

0.35 

0.39 

0.26 

0.27 

0.36 

0.44 

0.52 

0.63 

0.40 

0.43 

,0.63 


® Final cold reduction, 39 per cent. 

° Values corrected for true stress and true strain. 

® Sometimes called ‘‘proportional limit, deviation of 0.0002 per cent.*’ 
® As read from S-N curves, values rounded off to nearest 500 psi. 

** Frequently called “endurance ratio.” 
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and -under some conditions may show 
inconsistent behavior under repeated 
stress (see curves 5432-1 and -2). How- 
ever, it should be noted that the 41 , 000 - 
psi. endurance strength at 300 , 000,000 
cycles obtained for alloy 5432-1 (back 
end of push) is high for a copper-base 
alloy. 

As will be observed, many of the tests 
were continued well beyond the arbitrary 
300,000,000 cycle point, frequently as- 
sumed to be sufficient to establish the 
endurance limit of copper-base alloys. 
Only a few of the curves reported in 
this paper appear to have become 
asymptotic at this point and many are 
far from horizontal even at 1,000,000,000 


cycles. If true endurance limits exist 
for such materials, they apparently are 
reached only after astronomical numbers 
of stress cycles. In predicting the 
behavior of such alloys, caution should 
be observed in extrapolating beyond the 
point actually reached by the tests. 

Eeeect op Ready-to-Finish Grain 
Size in a Hard-DrawN' Copper 
Alloy — (Everdur 1010) 

The tests on hard-drawn Everdur 1010 
with difierent ready-to-finish grain sizes 
{S-N curves shown in Fig. 2 and proper- 
ties given in Table II) actually repre- 
sent two independent studies of this 
factor. Alloys 4208 , 3198 , and 4207 


TABLE III.— COMPARISON OF DIFFERENT TEMPERS OF ROD—PHOSPHOR BRONZE GRADE A. 


Copper, per cent 95.27 

Tin, per cent 4.32 

Phosphorus, per cent - - 0.38 

Lead, per cent. 0.003 

Iron, per cent 0.025 


Temper • 

Annealed 
at 550 C. 

Hal! Hard 

Hard 

Extra hard 

Alloy and curve number 

3024-2 

3023 

3024-1 

3025 

Grain size, mm 

0.025 

0.070 RTF® 

0.090 RTF® 

0.065 RTF® 

Final draw, reduction of area, per cent 

0 

15.2 

i 30.1 

1 50.1 

Modulus of elasticity, psi. (X 10'^}® 

17.37 

17.34 

16.38 

14.91 

Stress for 0.0002% offset, psi.“’ ® 

13 400 

30 000 

35 600 

i 34 500 

Stress for 0.002%’offset, psi.® 

19 900 

34 000 

39 500 

43 800 

Stress for 0,02% offset, psi 

21 200 

41 700 

48 500 

59 300 

Stress for 0.2% offset, psi 

20 200 

49 700 

61 700 

i 84 000 

Yield strength, 0.5% E.^t., psi 

20 200 

49 600 

60 000 

! 67 600 

Tensile strength, psi 

50 600 

56 700 

69 800 

1 96 600 

Elongation, per cent 





Gage length = 2 X 0,313 in. diameter 

64.2 

■ 45.8 

22.7 

11.2 

Gage length — 4D X 0.313 in. diameter 

73,8 

54.9 

32.5 

17.1 

Reduction of area, per cent 

82.9 

82.6 

78.7 

71.3 

Rockwell hardness 

B34 

i B72 

B92 

B92 

Endurance strength, psi,'^ 





for 0.1 X 10® cycles 

39 000 

! 43 200 

51000 

56 000 

for 1 X 10® cycles 

32 500 

; 34 000 

36 500 

43 000 

for 10 X 10® cycles 

. 30 000 

29 500 

31 000 

35 000 

for 100 X 10® cycles 

29 000 

28 000 

30 000 

33 000 

for 300 X 10® cycles 

29 000 

27 500 

29 000 

32 000 

for 1000 X 10® cycles 

29 000 

27 500 

28 500 

32 000 

estimated uncertainty 

±1000 

±2000 

±2000 

±3000 

Ratios 

End. Str. at 300 X 10® cycles'^ 

Tensile Strength 

0.57 

0.49 

0.41 

0.33 

End. Str. at 300 X 10® cycles 

Yidd Strength (0.5% Extension) 

1.44 

0.55 

0.48 

0.47 


® Values corrected for true stress and true strain. 

° Sometimes called “proportional limit, deviation of 0.0002 per cent." 
® As read from 5-Y curves, values rounded off to nearest 500 psi. 

** Frequently called “endurance ratio." 

* Ready- td-finish. 
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were fabricated in the mill without 
laboratory supervision or observation, 
and also vary from one another some- 
what' in composition. After these tests 
had been completed, it was considered 
desirable to run a second series of tests 
on new material to determine whether 
the very significant differences in en- 
durance properties observed were ac- 
tually related to grain size, or might 
be attributable to variations in com- 
position or treatment of the material. 
Hence, the new material (alloys 5012, 
5014, and 5015) was fabricated from a 
single heat under the supervision of one 
of the authors, and it is believed that 
variables other than those resulting 
from intentional differences in tempera- 
tures of the anneal prior to the final 
cold-wurking are negligible. The re- 
sults on this second series showed a 
similar variation of endurance properties 
with ready-to-finish grain size, indicating 
clearly that this factor (or some other 
associated with it, possibly direction- 
ality) is significant. The superiority 
in endurance of rods finished from a 
small grain size appears to be of consider- 
able importance for this material. While 
strictly comparable data are not available 
for other compositions, there is good 


reason to believe that the effect of 
ready-to-finish grain size is of general 
significance in hard-drawn copper-base 
alloys. The direction of the effect of 
grain size on the fatigue properties of 
metals has been known for some time, 
as indicated by Rawdon (is), Greenall 
and Gohn (ll) and Burghoff (l6). In 
this country (l7) this factor has generally 
been considered of minor importance; 
Seelig (is) indicates that in Europe 
greater weight is attached to it, 

Efpect of Grain Size in Annealed 
Phosphor Bronzes 

Results of endurance tests on annealed 
specimens of several phosphor bronzes 
are shown in Fig. 3 and their properties 
are included in Tables III, IV, and V. 
A number of points are thought to 
deserve consideration. The differences 
between endurance strengths of the 
fine-grained materials and those having 
a coarser grain are decidedly significant. 
The improvement in nominal endurance 
strength at 300,000,000 cycles for the 
fine-grained material as compared with 
the coarse, for either grade C or grade 
D phosphor bronze, is approximately 
10,000 psi., which represents an increase 
of about 40 per cent. In general the 


40000 

30 000 

_ 40000 
(f) 

- 30 000 

(f) 

to 

a 20 000 

H 

CO 

40000 
30 000 
20 



)24-2 GRAD 
^a___3024-2 

E A PHOSPHOR BRONZE 
GRAIN SIZE 0.025 MM. 


GRADE 

— ^ 

: C PHOSPHOR BRONZE 
p r,RAiN S17F n npo mm 



3 GRAIN SIZE 

0.070 MM. 

- 



^ ■ O*- 

j 




u - 


GRADE D PHOSPHOR BRONZE 
3021*2 GRAIN SIZE 0.016 MM. 

r.RAiM c;i7F _ 








8: 



3021-3 





r- 




1000 


I 10 100 

MILLION CYCLES TO FRACTURE 

Fig. Curves of Annealed Phosphor Bronzes Showing Effect of Grain Size on Endurance, 




686 


Anderson, Swan, and Palmer 


observed increases in endurance strengths 
are considerably greater than the cor- 
responding increases in tensile properties. 
The endurance-tensile strength ratios 
for the fine-grained annealed phosphor 
bronzes are unusually high for copper- 
base alloys, and the endurance-yield 
strength (0.5 per cent extension) ratios 
for all five annealed phosphor bronzes 
reported are above unity. This latter 
characteristic was pointed out by Mc- 
Adam (14) some time ago, and is thought 
to indicate either that the nominal 
(computed) endurance stresses are 
greater than the true stresses, because 
of a nonlinear stress-strain relationship, 
or that during the endurance test the 


tensile properties of the surface layers 
of the specimen are raised, or both. 

Despite an endurance-yield strength 
ratio above unity, the use of these copper 
alloys for endurance applications at 
stresses above their yield strengths 
certainly cannot be recommended. 
Where appreciable overstresses are not 
anticipated, it would seem safe to use the 
yield strength of these annealed phosphor 
bronzes as the endurance design stress 
(subject, of course, to the usual factor of 
safety), even where this yield strength 
is above the endurance strength of the 
cold-worked alloy. 

Eeeects of Cold Work 

The effects of cold work in raising the 


TABLE IV .-COMPARISON OF DIFFERENT TEMPERS OF ROD-PHOSPHOR BRONZE GRADE C. 


Copper, per cent 91.78 

Tin, per cent 8.10 

Phosphorus, per cent 0.08 

Lead, per cent 0.002 

Iron, per cent 0 ,043 


Temper. 

Annealed 
at 550 C. 

Annealed 
at 625 C. 

Half Hard 

Hard 

Extra Hard 

Alloy and curve number 

Grain size, mm 

Final draw, reduction of area, per cent — 

3018-2 

0.020 

0 

3018-3 

0.070 

0 

3017 

0.100 RTF'* 

15.2 

3018-1 

0.090 to 0.100 
RTF'* 

30.1 

3019 

0.110 RTF® 

50.1 

Modulus of elasticity, psi. {X ip~®)® 

16.77 

16.72 

16.43 

15.00 

13.80 

Stress for 0.0002% offset, psi.®’ 

21000 

17 000 

30 000 

36 000 

34 300 

Stress for 0.002% offset, psi.® 

24 300 

19 700 

33 000 

39 700 

43 600 

Stress for 0.02% offset, psi 

24 900 

20 900 

39 300 

48 500 

61 500 

Stress for 0.2% offset, psi, 

24 500 

20 000 

49 100 

64 500 

93 100 

Yield strength, 0.5 per cent Ext., psi 

24 600 

20 200 

49 100 

60 200 

65 300 

Tensile strength, psi 

59 200 

55 500 

66 000 

81 000 

110 300 

Elongation, per cent 






Gage length == 2 X 0.313 in. diameter. . . 

78.3 

78.8 

47.8 

26.7 

10.0 

Gage length == 4D X 0.313 in. diameter.. 

83.6 

86.4 

56.5 

35.2 1 

14.7 

Reduction of area, per cent. 

Rockweil hardness 

81.2 

84.0 

81.1 

77.3 

69.2 

B50 

B41 

B80 

B97 

B98 

Endurance strengths, psi.*' 






for 0.1 X 10® cycles 

43 000 

37 500 

SO 000 

■ 47 000 

58 000 

for i X 10® cycles 

35 500 

30 500 

38 000 

40 000 

48 000 

for 10 X 10® cycles 

33 000 

26 000 

31000 

37 000 

38 000 

for 100 X 10® cycles 

32 000 

24 000 

30 000 

35 000 

31000 

for 300 X 10® cycles... 

32 000 

23 500 

29 000 

35 000 

29 000 

for 1000 X 10® cycles. 

32 000 

23 000 

29 000 

34 000 

29 000 

estimated uncertainty 

:±;1000 

±1500 

±2000 

±3000 

±5000 

Ratii^s . 






End. Str. at 300 X 10® cycles*^ 

Tensile Strengtii 

0.54 

0.42 

0.44 

0.43 

0.26 

End. Str. at 300 X 10® cycles 

Yield Strength (0.5% Extension) 

1.30 

1.16 

0.59 

0.58 

0.44 


“ Values corrected for true stress and true strain. 

® Sometimes called “proportionallimit, deviation of 0.0002 per cent," 

® As read from S-N curves, values rounded off to nearest 1000 psi. for half hard, hard, and extra hard rods, to nearest 
500 ,psi. for annealed rods. 

* Frequently called “endurance ratio." 

* Ready-to-finish. 
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endurance strengths of metals is well 
known and has received considerable 
attention* While this phenomenon is 
generally accepted, it is known that 
excessive amounts of cold working may 
have an adverse effect. 'In view of the 
pronounced grain-size effect here re- 
ported for some alloys, it is felt that any 
study of the effects of cold working 
must take into consideration the ready- 
to-finish grain sizes of the materials 
compared. With this in mind, we felt 
it desirable that data presented in the 
previous paper for four tempers of 
.Everdur 1010 should be re-examined. 


The pertinent information is tabulated 

below : 


Alloy 

Temper 

Anneal or 
Final Re* 
duction 
of Area, 
per cent 

Grain Size, 
mm. 

Endurance Strength 
at 300 000 000 
cycles, psi. 

3198-A.... 

Soft 

0.5 hr. at 
700 C. 

0.085 

IS'SOQ® 

3410 

Quarter- 

hard 

8.0 

0.035 Ready- 
to-finish 

31 500^ 

3411 

Half- 

hard 

20.0 

0.065 Ready- 
to -finish 

30 500^ 

3198 

Hard 

39.0 

0.125 Ready- 
to-finish 

1 33 600“ 


® Tests rum at 3500 rpm. on 0.300-iii. minimum, diameter 

ecimens. 

® Tests n 
specimens. 


specimens. 

"Tests run at 1600 rpm, on 0.250-in. minimum diameter 


TABLE V —COMPARISON OF DIFFERENT TEMPERS OF ROD— PHOSPHOR BRONZE GRADE D. 

, Copper, per cent ^ g 9 

Tin, per cent 9*76 

Phosphorus, per cent.. o'i2 

Zinc, per cent 0*20 

Lead, per cent i 7 !"***'] i ' 0*00 

Iron, per cent o]g6 


Temper. 

Annealed 
at SSO C. 

Annealed 
at 650 C. 

Half Hard 

Hard 

Extra Hard ■ 

Alloy and curve number 

3021-2 

3021-3 

3020 

3021-1 

3022 

Grain size, mm 

0.016 

0.065 to 0.070 

0.075 RTF® 

0.090 RTF® 

0.090 to 0.100 

Final draw, reduction of area, per . cent .... 

0 

0 

15.2 

30.1 

RTF® 

50.1 

Modulus of elasticity, psi. (X 10"®)'^ 

Stress for 0.0002% offset, psi.®* ° 

16.30 

16.20 

15.40 

14.07 

13.22 

24 000 

16 000 

18 000 

32 800 

29 300 

Stress for 0.002% offset, psi.® 

27 800 

21 200 

27 500 

35 300 

43 500 

Stress for 0.02% offset, psi 

29 100 

22 300 

37 000 

SO 500 

65 500 

Stress for 0.2% offset, psi 

28 400 

21 200 

50 300 

70 400 

109 000 

Yield strength, 0.5% Ext., psi.. ... 

28 400 

21300 

49 700 

60 000 

63 500 

Tensile strength, psi 

68 000 

62 200 

76 600 

92 100 

127 500 

Elongation, per cent 






Gage length = 2 X 0.313 in. diameter. . . 

70.0 

75.3 

45.8 

23.2 

8.5 

Gage length = 4D X 0.313 in. diameter . , 

75. 7 

82.4 

53.6 

30.4 

, 12.8 

Reduction of area, per cent 

Rockwell hardness 

74.5 

78.4 

72.0 

63.6 

56.4 

B60 

B49 

B92 

B97 

B103 G87 

Endurance strengths, psi.® 






for 0.1 X 10® cycles 

46 000 

38 OOO 

53 000 

55 OOO 

64 500 

for 1 X 10® cycles 

39 500 

31500 

37 000 

42 OOO 

48 000 

for 10 X 10® cycles 

36 500 

25 500 

32 000 

31 000 

34 OOO 

for 100 X 10® cycles. 

35 500 

25 OOO 

30 000 

25 000 

25 000 

for 300 X 10® cycles 

35 000 

25 000 

30 000 

23 000 

23 500 

for 1000 X 10® cycles 

35 000 

25 OOO 

30 000 

21 000 

23 000 

estimated uncertainty 

±1000 

±1000 

±2000 

±2000 

±2000 

Ratios 






End. Str . at 300 X 10® cycles® 

Tensile Strength 

0,51 

0.40 

0.39 

0.25 

0.18 

End. Str. at 300 X 10® cycles 

Yield Strength (0.5% Extension) 

1.23 

1.17 

0.60 

0.38 

0.37 


“ Values corrected for true stress and true strain. 

® Sometimes called “proportional limit, deviation of 0.0002 per cent.” 

® As read from iS'-iV' curves, values rounded off to nearest 1000 psi. for half hard, hard, and extra bard rods, to nearest 
500 ,psi. for annealed rods. 

® Frequently called “endurance ratio.” 

' Ready-tO"finisih., 
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It will be observed that the quarter- ■ 
hard material was found to have a 
slightly higher endurance strength than, 
the half-hard metal, but that it was 
finished from a smaller grain' size. Had 
they both been finished from the same 
grain size, it is believed that the half- 
hard material would have had a higher 
endurance strength than the quarter- 
hard metal. Similarly, a greater dif- 
ference between the endurance strengths 
of the hard and half-hard tempers would 
be expected had both rods been finished 
from the same grain size. 

For comparative purposes the S-N 
curves for three materials, 63-37 brass, 
grade A phosphor bronze, and grade 
D phosphor bronze, each in half-hard, 
hard, and extra-hard tempers, are plotted 


together in Fig. 4. Other pertinent 
data for these materials may be found 
in Tables III, V, and VL 

The 63-37 brass shows an increase in 
endurance strength (at 300,000,000 cy- 
cles) with cold working which is almost 
exactly in proportion to its increase in 
ultimate tensile strength, but the harder 
tempers were finished from somewhat 
smaller grain sizes. Were this not the 
case, the increase in endurance strength 
would probably not have been so great. 
It will be observed that the extra-hard 
temper is much less uniform in fatigue 
properties, as evidenced by the rela- 
tively greater ‘^scatter’’ of points on the 
S-N diagram. 

The grade A phosphor bronze also 
increases in endurance strength with 



GRADE A PHOSPHOR BRONZE 
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3024-1 HARD 

3025 EXTRA HARD 
^ ! ^ : ! 
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3022 EXTRA HARD 


63/37 BRASS 
- 3014. HALF HARD - 
3015-1 HARD 
3016 EXTRA HARD 



I 10 100 

MILLION CYCLES TO FRACTURE 


Fig. 4. — ^S'-iV Curv^ of Alloys with Varying Amounts of Cold- Working, Showing 
Effect of Temper on Endurance Strengths. 
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amount of cold work, but not in propor- 
tion with tensile, strength. In fact, the 
endurance-tensile strength ratio steadily 
decreases. The ready-to-finish grain 
sizes of the half-hard and extra-hard 
tempers were reasonably identical; that 
of the hard material was larger, which 
may account for the smaller difference 
between the half-hard and hard tempers 
than between the hard and extra-hard 
rods. No significant differences in 
'‘^scatter” of S-N points were observed 
with the various tempers of this alloy. 
Attention is called to the endurance 
strengths of the fine-grained annealed 
material, which, except for small numbers 
of cycles, are as great or greater than the 
corresponding endurance strengths of 
the half-hard and hard tempers, though 


not as great as those of the extra-hard 

material. 

The results obtained on grade D 
phosphor bronze are not in line with 
those obtained on the other two , alloys 
of this group and on Everdur 1010, in 
that the endurance strengths (for large 
numbers of cycles) are lower for the 
hard and extra-hard tempers than for the 
half-hard temper. The half-hard ma- 
terial was finished from a 0.075-mm. 
grain size while the hard and extra-hard 
materials were finished from 0.090 and 
0.100-mm. grain sizes, respectively. It 
is possible that grain-size differences 
account for the superiority of the half- 
hard metal over the hard and the slight 
superiority of the extra-hard over the 
hard temper. The data, however, are 


TABLE VI.— COMPARISON OF DIFFERENT TEMPERS OF 63-37 BRASS ROD. 

Copper, per cent 63.00 

Zinc, per cent 36.96 

Lead, per cent 0.03 

Iron, per cent 0.01 


Temper 

Half Hard 

Hard 

Extra Hard 


Alloy and curve number 

3014 

3015 

3016-1 

Alpha grain size, mm 

0.070 RTF^ 

0.060 RTF** 

0.040 to 0.050 RTF* 

Final draw, reduction of area, per cent 

15.2 

30.1 

SO.l 

Modulus of elasticity, psi. (X.1Q“®)“ 

15.64 

15.72 

15.38 

Stress for 0.0002% offset, psi.®' ^ 

22 000 

17 600 

14 000 

Stress for 0.002% offset, psi.® 

28 500 

26 000 

23 000 

Stress for 0.02% offset, psi 

35 700 

37 500 

38 500 

Stress for 0.2% offset, psi 

43 100 

55 500 

67 000 

Yield strength, 0.5% Ext., psi 

43 300 

53 900 

59 000 

Tensile strength, psi 

57 200 

72 200 

91 600 

Elongation, per cent 




Gage length = 2 X 0.313 in. diameter 

36.5 

17.8 

9.8 

Gage length = 4D X 0.313 in. diameter. 

44.0 

24.4 

14.8 

Reduction of area, per cent.* — ' 

70.2 

61.6 

58.7 

Rockwell hardness 

B7i 

B82 

B93 

Endurance strengths, psi.*'’ 




for 0.1 X 10® cycles 

44 500 

54 000 

62 00C 

for 1 X 10® cycles. 

33 000 

36 000 

41000 

for 10 X 10® cycles 

21 500 

24 000 

33 000 

for 100 X 10® cycles 

19 000 

23 000 

30 000 

for 300 X 10® cycles 

18 500 

22 500 

29 500 

for 1000 X 10® cycles 

18 000 

22 000 

29 000 

estimated uncertainty 

d=1000 

±1000 

±3000 

Ratios , 




End. Str. at 300 X 10® cycles® 

0.32 

0.31 

/,0.32 

Tensile Strength 

End. Str. at 300 X 10® cycles 

Yield Strength (0.5% Extension) 

0.43 

0,42 

0.50 


® Values corrected for true stress and true strain. 

® Sometimes called “proportional limit, deviation of 0.0002 per cent.’’ 
® As read from S-N curves, values rounded off to nearest 500 psi, 
“Frequently called “endurance ratio.” 

* Ready-to-finish, 
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inadequate to establish this point with 
any degree of assurance. 

Considering only the amount of cold 
working, the data presented here and in 
the previous paper would seem to indi- 
cate that for phosphor bronzes the op- 
timum amount of cold working decreases 
with an increase in tin content. For the 
4 per cent tin bronze, the extra-hard 
temper shows up best; for the 8 per cent 
tin bronze, the hard temper is highest; 
for the 10 per cent tin bronze, the half- 
hard material has the highest 300,000,000 
cycles endurance strength. McAdam 
( 14 ) also noted this tendency, but in view 


of the possible large effects of ready- 
to-finish grain size, which must be taken 
into consideration, it is thought deserv- 
ing of further investigation. 
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DISCUSSION 


Mr. George R. Gohn.^ — ^Mr. Palmer 
has brought forth a very important point, 
that is, the effect of grain size in the 
ready-to-finish anneal on the ultimate 
physical properties and, particularly, 
the fatigue properties which you may 
get in non-ferrous materials. 

Back in 1937,^ we presented a small 
amount of data on nickel silver sheet, 
which indicated that material running 
0.015 to 0.017 mm. in average grain size 
(ready-to-finish anneal) had a higher 
endurance limit than material of larger 
grain size. 

We believe that this phenomenon is 
probably something that is peculiar to 
copper-base alloys, aluminum and mag- 
nesium alloys, and the cold-rolled steels. 
The steel people apparently are not as 
likely to encounter it as the non-ferrous 
investigators because, in most cases, they 
are dealing with materials whose physical 
properties are obtained by various heat 
treatments. 

We believe this variation in the ready- 
to-finish anneal may acount for the varia- 
tion in fatigue results reported by various 
investigators. I am very glad that Mr. 
Palmer has emphasized this point. 

Me. JohnM. Lessells.^— This paper 
is of interest in regard to the slope of the 
S-N diagram as affected by the treatment 
given to the material. 

In the case of steel having protected 
surfaces produced by nitriding or shot 
peening, fractures are generally obtained 


1 Bell Telephone Labs., Inc., New York, N.Y, 

2 C. H. Greenall and G. R. Gohn, “Fatigue Properties 
of Non-Ferrous Sheet Metals,” JPraceedings, Am. Soc. 
Testing Mats., Vol. 37, Part II, p. 160 (1937). 

« Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 


at a much higher number of stress cycles 
than would be experienced with the same 
material in the absence of surface pro- 
tection. This raises the question whether 
by long periods of cyclic stressing of ma- 
terial with protected surfaces the benefi- 
cial effects are not finally eliminated. 
This might be possible in the case of 
the shot-peened surface. 

Gough^ has indicated that in the 
fatigue testing of non-ferrous metals and 
alloys, where similar S-N curves with a 
drooping characteristic may be experi- 
enced, that two values of stress cycles 
should be recorded; namely, that upon 
which the endurance limit is based and 
that at which the S-N curve becomes and 
remains horizontal. It appears that the 
treatment which the material has re- 
ceived will determine whether a definite 
endurance limit is obtained. 

It would be of interest to hear some 
comment from the author as regs^rds his 
experience with copper alloys. 

Mr, E. W- Palmer {author ), — We 
quite agree with Mr. Gohn that varia- 
tion in the ready-to-finish anneal may 
account for the variation in fatigue re- 
sults reported by the several investi- 
gators of non-ferrous materials. 

The work of Greenall and Gohn on 
nickel-silver sheet is mentioned in the 
paper, and is possibly the first evidence 
in the literature that hard material 
finished from a small grain size has a 
higher endurance limit than that finished 
from a large grain size. However, it 
was known that tensile properties gen- 


•* In a series of unpublished lectures given at Massa- 
chusetts Inst, of Technology, in 1937. 
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eraly were slightly higher for the fine-- 
grained material, and the dispropor- 
tionately large increase in endurance 
limit does not appear to have been then 
appreciated. 

In reply to Mr. Lessells, our experience 
with copper alloys would indicate that a 
steadily falling S-iV .curve is char- 
acteristic of many two-phase alloys, 
especially when cold-worked, and of 
highly alloyed single-phase alloys given 
relatively large amounts of cold work. 
The effect of cold work on grade D 
phosphor bronze is well shown in the 
middle group of curves of Fig. 4. We 
suspect that the distribution and in- 
tensity of internal micro-stresses may 
have a great deal to do with determining 
the slope of the S-N curve. 

Mr. Albert I. Blank.® — ^The authors 
have presented some very valuable 
endurance data on copper-base alloys. 
Several of the endurance strength values 
included in the paper are especially 
interesting. In the case of phosphor 
bronze 314 the endurance strength at 
300,000,000 cycles is 29,000 psi. for the 
hard-drawn temper, whereas that for 
the annealed temper is 32,000 psi. The 
case of Everdur 1014 is similar — the 
hard-drawn temper has an endurance 
strength of 26,000 psi. and the annealed 
temper 30,000 psi. Annealed tempers 
ordinarily have lower endurance proper- 
ties than drawn tempers. I wonder 
whether the authors can account for the 


* Assistant Researcii Metallurgist, Chase Brass & 
Copper Co., Waterbury, Conn. 


unusual circumstances pertaining to 
these two materials which have higher 
endurance strength in the annealed 
condition. 

Mr. Palmer. — With regard to the rel- 
ative endurance strengths at 300,000,000 
cycles of hard and annealed phosphor 
bronze 314, we have no explanation to 
offer at present as to why this alloy has 
the better endurance strength, for large 
numbers of cycles, when annealed. 
In the case of Everdur 1014, however, 
where similar behavior was found, we 
believe the two-phase structures of the 
alloy may be responsible. It seems 
probable that the cold working of such a 
structure results in high internal micro- 
stresses, which add to the stresses im- 
posed in the test and result in a lower 
effective endurance strength. We are 
planning additional work on stress- 
relieved materials of this type which may 
result in some clarification of this 
problem. 

It should be noted that two entirely 
different types of behavior are repre- 
sented by these two alloys. The 
annealed phosphor bronze becomes 
superior to hard-drawn material of the 
same composition only where more than 
100,000,000 cycles of stress are involved. 
The annealed Everdur 1014, on the other 
hand, is superior to its hard-drawn 
counterpart throughout practically the 
whole range of stress cycles studied. 
Only for very low numbers of cycles, 
below about 500,000, is the hard-drawn 
material perhaps slightly superior. 


A STUDY OF THE DAMAGING EFFECT OF FATIGUE STRESSING 

ON X4130 STEEL^ 

By J. a. Bennett^ 


Synopsis 

The damaging effect of fatigue stressing above the endurance limit was 
investigated with notched specimens of S.A.E. X4130 steel. The damage was 
measured by the decrease in endurance at another stress. A deflection 
method for detecting the formation of a fatigue crack permitted the damage 
measurement to be limited chiefly to the pre-crack stage. The results showed 
that the apparent rate of damage depends on the stress history. If the 
pre-stress is higher than the test stress the damage occurs rapidly at first, then 
more slowly. The reverse is true if the damaging stress is lower than that 
used to measure the damage. 

Tests also were made with smooth specimens in an effort to determine 
the cumulative damage caused by fatigue at more than one stress. Two 
methods were developed for extrapolating to determine the point at which 
fatigue cracking starts, so the damaging cycle ratios could be based on the 
life prior to cracking. Complete S-N curves were determined for specimens 
after each of eight different damaging treatments. Using these curves, a 
method of expressing damage was developed which permitted the direct 
addition of damage occurring at different stresses. The reliability of this 
method was checked by testing specimens after fatigue loading at two or 
more different stresses and comparing the results with predictions based on 
the addition of the indicated damage. The agreement was within the experi- 
mental error. 


Most ferrous metals exhibit a fatigue 
limit such that if a sample of the metal 
is subjected to a range of stress greater 
than the fatigue limit, a crack will form 
which eventually will lead to fracture. 
Prior to formation of the first crack there 
is a change taking place in the metal 
which has been detectable only by 
means of a fatigue test. For example 
if a specimen is subj'ected to an over- 
stress for one half the number of cycles 
required to cause fracture, the usual 
mechanical properties of the material, 

' * Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Division of Metallurgy, National Bureau of Stand- 
ard, Washington, D. C. 
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other than fatigue, appear to be un- 
changed. However, the fatigue proper- 
ties, both the endurance at stresses 
above the fatigue limit and the fatigue 
limit itself, will be lowered. The pur- 
pose of the work described in this report 
was , to study some of the phenomena 
associated with this damaging process, 
particularly wdth a view to making the 
information more readily applicable in 
the design of steel structures against 
failure under alternating loads. 

Previous investigations of fatigue dam- 
age have dealt largely with smooth 
specimens, although the majority of 
fatigue failures in service propagate 
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from points of stress concentration. 
Therefore it was thought worth while 
to make a thorough study using notched 
specimens, for comparison with the 
results with smooth specimens. . This 
study comprised the first part of the 
present investigation and the results 
are discussed in the section on Test 
Results with Notched Specimens of this 
report. The work was done under the 
auspices of, and with financial assistance 
from, the National Advisory Committee 
for Aeronautics, and has been described 
in a publication of this Committee (1).^ 

A large proportion of the highly 
stressed machine elements in service 
probably are stressed above their fatigue 
limit at least occasionally during their 
life. It is important, therefore, to know 
how much damage is done by this over- 
stressing. Since the rate of damage in a 
simple test is known (2) to be a compli- 
cated function of the stress history, it 
has not been possible to predict sys- 
tematically the performance of material 
in service where the stress variation 
follows a random schedule. The second 
part of this investigation dealt with the 
study of the damage caused by com- 
binations of different ranges of stress. 
It was hoped that part of the gap be- 
tween the simple laboratory test and 
the random fluctuation of stress usually 
encountered under service conditions 
could be bridged by making the loading 
schedule more and more complicated. 
The results of this part of the investiga- 
tion are described in the section on Test 
Results with Smooth Specimens of this 
report. 

, Materials and Specimens 

All of the fatigue tests included in 
this report were made on R. R. Moore 
type machines. The specimens were of 
normalized S.A.E. X4130 steel, a differ- 

^® Tlie boldface numbers in parentheses refer to the 
references appended to this paper, see p. 711. 


ent heat being used for each part of the 
investigation. The mechanical proper- 
ties of the two are listed in Table I. 

The notched specimens had a cylindri- 
cal test section 0.35 in. in diameter, into 
which was cut a semicircular circum- 
ferential notch 0.05 in. deep and 0.05 in. 


TABLE I.-MECHANICAL PROPERTIES OF THE 
STEELS. 



M 390 

M 357 


Used for 
Notched 
Speci- 
mens 

Used for 
Smooth 
Speci- 
mens 

Yield strength, 0.2 per cent offset, - 
psi 

62 500 

63 000 

UMmate tensile strength, psi 

104 200 

98 000 

Elongation in 1 in., per cent 

27 

29 

Reduction of area, per cent 

57 

60 

Rockwell hardness, B scale 

90 

89 


in radius. The stresses listed for these 
specimens were calculated for the mini- 
mum section of 0.25-in,, diameter with- 
out regard to stress concentration. The 
notches were finished with a copper wire, 
slightly smaller in diameter than the 
notch, charged with a slurry of No. 302 
emery in water. The specimens were 
rotated slowly in a lathe while the wire, 
held at right angles to the axis of the 
specimen, was rotated rapidly. Thus 
the fine polishing scratches at the bottom 
of the groove were substantially parallel 
to the axis of the specimen. 

The smooth specimens had a minimum 
section 0.25 in. in diameter, with a 
contour radius of 9| in. These were 
polished with Aloxite polishing paper 
belts mounted on a rubber drum 5| in. 
in diameter. The specimens were me- 
chanically rotated about 15 rpm. while 
being held lightly against the rotating 
drum, the axis of the specimen being at 
right angles to the axis of the drum. 
The drum speed was 1750 rpm., and 
the specimens usually could be polished 
satisfactorily in less than a minute. 
The only precaution necessary was to 
avoid heavy pressure of the specimen 
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against the abrasive. This polishing 
method has proved economical in pre- 
paring standard R. R. Moore specimens. 
While the resulting surface is not highly 
polished, the results obtained with these 
specimens are as consistent as those 
with a higher polish. All of the speci- 
mens of both the notched and smooth 
types were examined with a ■ low-power 



microscope to make sure that none with 
circumferential scratches was tested. 

The minimum diameter of the speci- 
mens was measured with a probable 
error of about 0.0001 in. With the 
notched specimens this was done with 
the aid of calibrated gage wires slightly 
less than 0.1 in. in diameter placed' in 
the groove, the distance between the 
outsides of the wires being measured 


with micrometer calipers. The smooth 
specimens were measured with a vertical 
comparator using a O.OOOl-in. dial gage. 
A line sketch of this instrument is shown 
in Fig. 1. In place of the usual anvils, 
contact with the specimen was made with 
two ball bearings about If in, in outside 
diameter. The specimen was placed 
between the bearings with the axis of 
the specimen at right angles to those of 
the bearings. In this way the specimen 
could be moved back and forth parallel 
to its length to locate the minimum sec- 
tion without danger of scratching the 
surface. 

For some of the work with smooth 
specimens it was necessary to have a 
reference mark at the minimum section 
of the specimens. To locate this, a 
light source was set up so that an edge 
of the projected beam coincided with 
the line between the centers of the com- 
parator bearings. Thus when a mini- 
mum reading was obtained on the dial, 
the edge of the beam passed across the 
minimum section of the specimen. A 
reference mark was made at this position 
with a very small drop of rubber cement 
placed on the specimen with a fine wire. 

Testing Machines and Special 
Apparatus 

All of the R. R. Moore type machines 
used in this investigation were equipped 
with ball bearing spindles and all tests 
were run at 3600 rpm. A variable 
autotransformer was used to reduce the 
speed of the 10,000-rpm. motors with 
which some of the machines were 
equipped. 

Certain auxiliary apparatus was used 
in this investigation, as follows: 

Deflection Measuring Micrometer: 

This has been described in detail in a 
previous publication ( 3 ). Briefly, the 
upper one of a pair of contacts was fast- 
ened to the specimen end of a bearing 
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housing on the R. R. -Moore machine, 
the lower contact being carried on a 
micrometer screw mounted on the bed 
of the machine. The contacts operated 
a signalling device through a tube circuit, 
so the position of the upper contact 
could be determined by raising the lower 
contact and noting the reading of the 
micrometer drum w^hen the circuit closed. 
The contacts were set slightly apart so 
that any increase in the deflection of the 


used to flash a stroboscope and by ad- 
justing the stationary contact circum- 
erentially the flash could be made to 
occur at any position in the revolution 
of the specimen. The flashing light was' 
directed, by means of a condenser and 
mirror, onto the bottom surface of the 
specimen, and a low-power microscope 
fitted with a prism in front of the ob- 
jective was used to view the illuminated 
area. Because this area was stressed 



Fig. 2. — Equipment for Measuring and Counting Fatigue Cracks. 


specimen during test would close the 
circuit, operating the signal. The best 
results with this apparatus were obtained 
by mounting the fatigue testing machine 
on springs to minimize vibrations from 
extraneous sources. No specimen was 
used which caused excessive vibration 
when the machine was running. With 
these precautions, it was possible to 
detect deflections of 0.001 to 0.002 mm. 

Stroboscopic Viewing Demce: 

One of a pair of contacts was mounted 
in a bakelite disk and fitted to the shaft 
of the R. R, Moore machine, the other 
(stationary) contact being mounted so 
as to be rotatable about the center line 
of the machine. These contacts were 


in tension, the fatigue cracks were 
opened and made readily visible. 

Apparatus for Counting and Measuring 

Fatigue Cracks: 

A traveling microscope was used for 
measuring fatigue cracks, as sketched in 
Fig. 2. The specimen was removed 
from the fatigue machine and mounted 
in spindles on the stage so that it was 
parallel to the traversing screw of the 
microscope. Weights hung on the ends 
of the spindles produced a bending 
moment which stressed the upper surface 
in tension. The area being examined 
was illuminated by an intense beam 
incident at a grazing angle in the plane 
of the axes of the specimen and micro- 
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scope. Since the polishing scratches 
seen under the microscope were also in 
this plane, little light was reflected into, 
the microscope. A fatigue crack, being 
at right angles to the incident beam, 
showed up brightly against the generally 
dark background. 

The eyepiece of the microscope was 
fitted with both a cross-hair and an 
adjustable mask. For measuring the 
length of cracks a subdivided drum was 
fitted on one of the spindles. The 
central angle subtended by the crack 
was obtained by rotating the specimen 
under the cross-hair and noting the drum 
reading at each end of the crack. For 
counting cracks the mask in the eyepiece 
was set so that the field observed on the 
specimen was just 1 mm. wide (the edges 
of the mask were at right angles to the 
length of the specimen). The surface 
could then be scanned in 1-mm. wide 
bands, starting from the reference mark 
at the minimum secton, by traversing 
the microscope 1 mm. after each revolu- 
tion of the specimen. A ratchet was 
set to give an audible click to indicate 
the completion of each revolution. 

Test Results with Notched 
Specimens 

Previous work, both at this Bureau 
and elsewhere, revealed two significant 
factors for satisfactorily evaluating fa- 
tigue damage. First, the dispersion 
of the experimental results necessitates 
an average of about eight specimens to 
give a sufficiently precise result for any 
one condition. Second, the evaluation of 
damage by running tests to complete 
fracture is limited to cycle ratios^ suffi- 
ciently small so that the chance of crack 
formation during pre-stressing is neg- 
ligible; otherwise the damage in some 
cases would be dependent only on the 

3 Cycle ratio is defined as the ratio of the number of 
cycles run at a given overstress to the number necessary 
to cause failure at that stress. 


size of an initial fatigue crack rather 
than on the effect of pre-stressing. 

The methods followed in 'the study of 
fatigue damage with notched specimens 
were chosen on the basis of these con- 
siderations. In order to guard against 
crack formation it was necessary to have 
a means of detecting fatigue cracks at an 
early stage without stopping the test. 
Such a method was developed based on 
the fact that the deflection of a rotating- 
beam specimen under constant load 
increases when a crack forms. The 
apparatus and technique used to detect 
and measure this deflection are described 
in the preceding section of this report. 
The deflection is a function of the size 
of crack, and the criterion of failure 
chosen was a deflection of 0.005 mm., 
corresponding to a crack area about 12 
per cent of the original cross-section 
(3). The specimens were actually run 
until the deflection had increased to 
0.01 mm. in order to make certain that 
the deflection was due to a crack, but 
the data in this section are based on the 
number of cycles run at the time the 
specimen deflected 0.005 mm. This 
number is referred to as Nc. 

Tests were conducted in the con- 
ventional manner (to fracture) on a 
group of notched specimens to determine 
the S-N curve and the fatigue limit. 
Four stresses in the range between the 
fatigue limit (39 000 psi. for notched 
specimens) and the yield strength of the 
steel (62 500 psi.) were used in the 
investigation. The four stresses chosen 
were 42 000, 48 000, 54 000, and 60 000 
psi. 

Tests were made to determine iV^ at 
each of these four stresses. At least 
ten specimens were tested at , each stress 
and the median of each group was used 
as the value of endurance at that stress. 
The median was considered to be more 
representative of a group of endurance 
values than the average, as it is less 
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affected by an occasional excessively 
divergent value. Also the median can 
be determined in cases where some ele- 
ments of the group cannot be expressed 
numerically but are known to lie in a 
certain range. For example, in deter- 
mining the endurance at a given stress, 
if only one specimen of the group did not 
fail, the average endurance of the group 
would be infinite, whereas the median 
value would be finite. 

Since the scatter of the results was 
not uniform in the four groups, it was 
necessary to test more specimens in 


TABLE II.— ENDURANCE OF NOTCHED 
SPECIMENS. 


Stress, psi. 

Number of Cycles to Crack 

±42 000 

963 000 

±48 000 

264 000 

±54 000 

93 000 

±60 000 

44 000 


TABLE IIL-DAMAGE TEST CONDITIONS. 


Pre-Stress, psi. 

Test Stress, psi. 

±42 000 
±54 000 

} ±48 000 


±48 000 
±60 000 

j ±54 000 



some cases than in others in order to 
obtain approximately the same precision 
for each value of Nc- The number of 
tests in each group ranged from 11 to 17. 

The values of Nc (the number of 
cycles to form a crack of definite size) 
for each selected stress are listed in 
Table II 

In the next stage of the investigation 
each specimen was first stressed for a 
predetermined number of cycles at one 
of the four chosen stresses, then the 
stress was changed as given in Table III 
and the number of cycles to failure de- 
termined. The difference between this 
value and the median value of endurance 
for the original material at the same 
stress (Table II) gave a measure of the 
damage caused by the pre-stressing. 


This difference was expressed as a 
percentage of the undamaged endurance. 

For each of the combinations in 
Table III, tests were made with the pre- 
stressing carried to 10, 25, 50, 75, and 
90 per cent of the median value of Ne> 
The number of tests made for each pre- 
stress condition was between six and 


TABLE IV.— EFFECT OF PRE-STRESS ON ENDUR- 
ANCE OF NOTCHED SPECIMENS OF S.A.E. X4130 
STEEL STRESSED AS ROTATING BEAMS. 


Number of 
Specimens 

Test Stiess, 
psi. 

Pre- 

Stress, 

psi. 

Cycle 

Ra- 

tio, 

I per 
f cent 
|0fVc 
value 

Endur- 

ancci, 

cycles 

Dam- 
; age, 

per 

cent 

i 

^ SIQ, 
per 
cent® 

17 

±42 OOO 


0 

963 000 

0 

25 

11 




0 

264 000 

0 

13 

7 



±42 000 

10 

198 000 

25 

12.5 

10 



±42 000 

25 

220 000 

16.7 

18 

10 



±42 000 

SO 

192 000 

27.3 

20 

10 



±42 000 

75 

177 000 

32.9 

26 

10 



±42 000 

90 

11000 

95.8 


8 

1 


±54 000 

10 

205 000 

22,3 

14 

7 



±54 000 

25 

125 000- 

52.6, 

12 

7 


±48 000 

±54 000 

50 

72 000 

72.7 

9 

7 



±54 000 

75 

50 000 

81.1 ^ 

15 

8 

J 


±54 000 

90 

12 000 

95.5 


17 


r 


0 i 

93 000 

<5 

26 

8 


1 

±48 000 

10 

87 000 

6.4 

23 

6 



±48 000 

25 

73 000 

21.5 

10 

8 

1 


±48 000 

50 

59 000 

36.6 

16 

8 



±48 000 

75 

27 000^ 

71 


8 


1 

±48 000 

90 

3 OOOj 

96.8 


15 



±60 000 i 

10 

84 000 

9.7 

21 

7 



±60 000 i 

25 

63 000 

32.2 

14 

6 


- ±54 000 ■ 

±60 000 i 

SO 

31 000 

66.7 

10 

8 



±60 000 i 

75 

IS 000 

83.9 

12 

8 

j 


±60 000 { 

90 i 

3 000 

96.8 


15 

±60 000 


0 ' 

44 000 

0 

23 


“ SIQ = Semi-interquartile range. 


ten depending on the scatter of the 
individual values. The median values 
for each group are listed in Table IV 
The variation of damage with percentage 
pre-stress is shown graphically in Figs. 
3 and 4 for a test stress of ±48,000 psi., 
and in Figs. 5 and 6 for a test stress of 
± 54,000 psi. In the graphs the broken 


< The middle number of a series arranged in order of 
magnitude is the median. ^ The middle one of the numbers 
that lie below the median is the lower quartile, the middle 
one of those above is the upper quartile. Half the dif- 
ference between the upper and lower quar tiles is the semi- 
interquartile (SIQ) range. This is a measure of the 
dispersion of the^ individual values which expresses the 
same limits relative to the median as the probable error 
expresses relative to the average. 
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lines join the upper and lower quartile^ 
points of each group of values and thus 
give an indication of the scatter of the 
data. The curves from Figs. 3 to 6 
are combined in Fig. 7 for comparison. 

In the test groups in which pre- 
stressing was carried to 75 and 90 per 
cent of the endurance, some specimens 
failed before the pre-stressing was com- 
pleted, that is, the damage was greater 
than 100 per cent. The inclusion of 
these results caused no difficulty in 



0 20 40 60 SO too 


CVCLE RATIO AT FIRST STRESS, PER CENT 

Fig. Damage as Measured by Loss of 
Endurance (iVc). Curves from Figs. 3 to 6, 
notched specimens. 

P ~ Pre-stress in pounds per square inch. 

T = Test stress in pounds per square inch. 

determining the median, although it did 
make the comparison of precision be- 
tween the groups more uncertain. 
While the results of the damage tests 
as shown in Fig. 7 are not directly com- 
parable with those obtained with smooth 
specimens (1, 2), there are certain 
similarities. The tendency with both 
types of specimen was for the curve 
representing a pre-stress above the test 
stress to lie above the 45-deg. line. The 
opposite tendency was noted when the 
magnitude of the pre-stress was below 
that of the test stress. (The 45-deg, 
line may be considered as the damage 
curve for a pre-stress equal to the test 
.stress.) 


In order to provide a basis of com- 
parison with the results of fatigue dam- 
age reported by others (usually based 
on the fatigue limit), some tests of this 
type were conducted with two values of 
pre-stress, ±42,000 and ±60,000 psi. 
The effect of various amounts of pre- 
stressing on the fatigue limit subse- 
quently determined by fracture tests is 
shown in Table V and Fig. 8. The 
number of cycles of pre-stress used for 
the 75 and 90 per cent cycle ratios was 



Fig. 8. — Effect of Pre-Stress on Fatigue Limit. 

Notched specimens. 

the same as the number used in the 
previous phase of the investigation, but a 
correction was made in determining the 
cycle ratios represented by these amounts 
of pre-stressing. The method of making 
this correction will be shown for the 
case of the highest cycle ratio at ± 42,000 
psi. 

The medium Nc for this stress was 
963 X 10^. When it was desired to 
pre-stress a group of specimens to 90 
per cent of this value, or 867 X" 10^ 
cycles, some of the specimens failed 
before pre-stressing was completed. 
Only those which did not fail in pre- 
stressing could be used for the deter- 
mination of fatigue limit, so this deter- 
mination was not truly representative. 
Therefore, in the original series of values 
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of Nc, the median of all values greater 
than 867 X 10^ was taken as being repre- 
sentative of the specimens which were 
used to determine the fatigue limit after 
pre-stressing. The cycle ratio as plotted 
in Fig. 8 is based on this second median 
(1057 X 10^ cycles) and is consequently 
less than 90 per cent. A similar cor- 
rection was made for the 75 per cent pre- 
stress at ±423000 psi., and for the 90 
per cent value at ±60,000 psi. The cor- 
rected values of cycle ratio at ±42,000 
psi. were 68 and 80 per cent; at ±60,000 
psi. the highest value was 77 per cent. 
The slight repair of damage above 50 
per cent cycle ratio during stressing at 

TABLE V.— EFFECT OF PRE-STRESS ON FATIGUE 
LIMIT OF NOTCHED SPECIMENS OF S.A.E. 

X4130 STEEL STRESSED AS ROTATING 
BEAMS. 


Pre-stress, ±42,000 psi. 

. 1 

Pre-stress, ±60,000 psi. 



Dam- 



Dam- 

Cycle 

Fatigue 

age, per 

1 Cycle 

Fatigue 

age, per 

Ratio, 

Limit, 

cent o£ 

Ratio, 

Limit, 

cent of 

per cent 

psi. 

maxi- 

mum 

per cent 

psi. 

maxi- 

mum 

10 

±39 500 

-3 

1 10 i 

±38 000 

6 

25 

±39 000 

0 

f 25 , 

±35 000 

26 

SO 

±37 000 

13 

50 

±31 000 

.52 

68 

±37 500 

10 

75 

±26 500 

8i 

80 

±38 500 

3 

77 : 

1 1 

±28 500 

68 


±42,000 psi., if real, is surprising, and 
should be verified by additional work. 

In order to make the data on the effect 
of pre-stressing on fatigue limit (Fig. 8) 
more directly comparable with those on 
the effect of pre-stressing on endurance 
{Nc, Fig. 7) an attempt was made to 
determine the fatigue limit of cracked 
specimens. The accurate calculation of 
stress on a specimen containing a fatigue 
crack is virtually impossible because of 
the irregular and unpredictable shape 
of the crack. A rough estimate of the 
increase in stress with spreading of the 
crack was made by assuming the stress 
inversely proportional to the ratio of 
uncracked area to original area. 

The specimens used for this deter- 


mination had deflected 0.010 mm. in the 
fatigue test. This corresponded to a 
crack area equal to 17 per cent of the 
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CYCLE RATIO AT FiRST STRESS , PER CENT 

Fig. 9. — Damage as Measured by Loss of Fatigue 
Limit, Notched Specimens. 

Lo ~ Fatigue limit of original specimen. 

Lj) = Fatigue limit of pre-stressed specimen. 

Lc = Fatigue limit of cracked specimen. 



Fig. 10.— Curves for S.A.E. X4130 Steel 
Under Three Conditions of Stress Concentration. 
Large open points represent the median values 
from a group of specimens tested at the same 
stress. Small closed points are the results of 
individual tests. 

original minimum section and the fatigue 
limit of the cracked specimen was found 
to be ±23,500 psi. In Fig. 9 the data 
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of Fig, 8 have been replotted with the 
damage (decrease of fatigue limit) ex- 
pressed as percentage of the damage 
caused by a crack of this size. The 
straight line drawn through the data 
points for d= 60, 000 psi. was determined 
by the method of least squares. 

Figure 10 shows the S-N curves for 
specimens with three types of stress 
concentration: smooth (zero concen- 
tration), notched, and cracked (maxi- 
mum concentration). The points 
marked X or •+■ in Fig. 10 are the results 
from cracked specimens having crack 
areas other than 17 per cent. It will 


TABLE VI.~STRESS-CONCENTRATION FACTORS 
IN SPECIMENS OP S.A.E. X4130 STEEL 
STRESSED AS ROTATING BEAMS. 


Type of Specimen 

Fatigue Limit, 
psi. 

S.aF.® from 
Fatigue Limit 

Slope of S'-N 
Curve 

I 

U 

<3. 0 

5* 

Oco 

tn 

Theoretical 

S.C.F.® 

Smooth 

±50 000 

1.0 

-0.767 

1.0 

1.0 

Notched 

±39 000 

1.28 

-0.983 

1.28 

1.59 

Cracked, 17 per 
cent 

±23 500 

2.13 

-1.46 

1.91 



® S.C.F. *= Stress-concentratioB factor. 


be noted that the value for a specimen 
having an area ratio of 50 per cent lies 
very far above the 17 per cent ratio 
curves while the values for specimens 
having a 12 per cent ratio are in the same 
range or lower. This suggests that the 
stress concentration at high stresses is 
less for large cracks than for small 
cracks. Much more experimental work 
would be required before any general 
statement could be made with certainty. 

In Table VI are shown the values of 
stress-concentration factors given by the 
ratios of the fatigue limits of the speci- 
mens under three conditions of stress 
concentration. Ahnen (4) has shown 
that the slope of the falling part of the 
S-N curve increases with increasing 
stress concentration. If the slope of the 
falling part of the>S'-iV curve is a measure 


of effective stress concentration, then 
the ratios of the slopes of the three 
lines of Fig. 10 should give the; same 
values for these factors as obtained from 
the fatigue- limits. There was substan- 
tial agreement of these factors as deter- 
mined by the two methods (Table VI). 
The value of theoretical stress-concen- 
tration factor given in Table VI for the 
notched specimen was calculated from a 
table given by Roark (5). 

Test Results with Smooth 
Specimens 

Methods of Estimating the Start of 
Cracking: 

The preceding experiments showed 
that fatigue-damage results are more 
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NUMBER OF CRACKS IN CENTRAL 4-IVIM. 

Fig. 11.— Influence of Applied Stress on the 
Number of Cracks Formed Prior to Fracture. 

reproducible when based on the number 
of cycles to form a small crack than when 
based on the number of cycles to fracture. 
It was considered that even greater 
reproducibility might be obtained if it 
were possible to determine the number 
of cycles at which a crack first starts. 
Then the damaging cycle ratios could be 
based on the pre-crack stage only. This 
was done in the experiments described 
below, all tests being made on smooth 
(9|-in. contour radius) specimens. 
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In the discussion of methods for esti- 
mating the start of cracking, the rela- 
tionship shown in' Fig. 11 should be kept 
in mind. This shows a semilogarithmic 
plot of test stress against the number of 
cracks formed prior to fracture. The 
points plotted are based only on cracks 
lying in a band 4 mm. wide at the center 
of the specimen. The number of cracks 
increased rapidly as the stress was raised 
above the fatigue limit. Because of the 
large variation in the number of cracks 
formed, two different methods were 
used for estimating the start of cracking, 


it was opened up by the tensile stress. 

As soon as a crack was observed, the 
test was stopped and the circumferential 
length of the crack was measured. This 
procedure was repeated at frequent 
intervals until fracture occurred. F igure 
12 shows the growth of two cracks each 
under a different stress. It will be 
noted that the curves appear to start 
from a finite value of crack length, 
rather than from zero. This is a sur- 
prising observation, and one which 
should be checked further, but in the 
present investigation there appeared 



10,000 CYCLES 

Fig, 12. — Curves Showing Change of Crack Length at Each of Two Different Stresses. The mid 
point of the crack when first measured is taken as zero. 


depending on the number of cracks 
observed. 

By means of the stroboscopic appa- 
ratus described in the section on Testing 
Machines and Special Apparatus, the 
surface of a specimen was observed 
during the tests. The field of the micro- 
scope was large enough so that the chance 
of a crack forming outside the field was 
small. By adjusting the stationary con- 
tact any point on the circumference 
could be brought into view, thus permit- 
ting observation of the initial crack 
irrespective of circumferential position. 
A small crack could be seen readily on the 
surface when in bottom position because 


to be no question of its validity, so all 
extrapolation was performed on this 
basis. The fact that small, though 
numerous cracks frequently have been 
observed at stresses considerably in 
excess of the fatigue limit suggests that 
the large value of the initial crack 
length shown in Fig. 12 is associated 
with stresses nearer the fatigue limit. 

It was found that the crack length L 
could be expressed by the equation 
iog(I-C),= 

where C and a are constants, the latter 
dependent on stress, and iV the number 
of cycles. This is shown graphically 
in Fig. 13 where L — ; C is plotted 
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logarithiiiically against N for one of the 
curves shown in Fig. 12. When curves 
similar to Fig. 13 ivere plotted for various 
nominal stress values, it was found that 



0 20 40 60 80 100 

THOUSANDS OF CYCLES OF STRESS 


Fig. 13. — Semi-Logarithmic Plot of Crack- 
Growth Curve. The ordinate is the arc lengtli 
(L) of the crack minus a constant (C). 



46000 48000 50 000 

STRESS, PSI. 

Fig. 14. — Influence of Stress on the Rate of 
Crack Growth. 

the slope was a simple function of the 
stress, as shown in Fig. 14. 

Curves of the type shown in Fig. 13 
were used to determine by extrapolation 
the point at which cracking starts, 
assuming that the cracks grow expo- 
nentially from an original arc length of 


about 6 deg. as indicated in Fig. 12. The 
deflection measuring apparatus de- 
scribed earlier in this report was used 
to indicate the presence of a crack, but 
this did not operate until the crack 
reached 50 or 60 deg. in circumferential 



NUMBER OF CRACKS IN A-MM. BAND 


Fig. 15. — Results of Crack Counts on One 
Smooth Specimen at Various Stages Between the 
Beginning of Cracking and Fracture. Numbers 
on curves represent thousands of cycles of stress 
which the specimen had run when the cracks 



CYCLES OF STRESS 

Fig. 16. — S-N Curves for Start of Cracking 
and for Fracture in Normalized S.A.E. X4130 
Steel. The experimental points are for cracking 
only. 

length, the growth curves (Fig. 13) being 
used to extrapolate back to the start of 
the crack. 

The above method was used only in 
cases where the total number of cracks 
was not more than five, since more 
numerous cracks might change the 
surface stress sufficiently to invalidate 
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the extrapolation. For specimens which 
had numerous cracks the extrapolation 
was performed as follows: by means of 
the masked eyepiece described previ- 
ously the cracks were counted in circum- 
ferential bands 1 mm. wide. Practically 
all of the cracks occurred within 6 mm. 
of the center of the specimen and for the 
purpose of totaling the number of 
cracks this area was divided into three 
zones. The first extended 2 mm. on 
each side of the center, the second from 
2 to 4 mm. on each side and the third 
from 4 to 6 mm. The average stress 
in each zone was calculated from the 
geometry of the specimen and found to 
be 99.8, 98.8, and 97.0 per cent of the 


TABLE VII.-PRE-STRESS CONDITIONS. 


Stress, psi. 

Cycle Ratio, per cent of Ne 

f 

10 

±48 000 1 

33M 

66^ 


90 

j 

10 

±54 000 < 

33H 

66^ 

[ 

90 


stress at the center for the first, second, 
and third zones, respectively. The 
square root of the number of cracks in a 
zone plotted against the average stress 
in that zone, gave a nearly linear rela- 
tionship which could be extrapolated 
back to the stress at which no cracks 
would be formed. Curves of this type 
are shown in Fig. 15. 

Points obtained for the start of crack- 
ing by these two methods of extrapola- 
tion (Figs. 13 and 15) are shown on Fig. 
16, both the stress and number of cycles 
being plotted logarithmically. The 
straight line through the points was 
determined by the method of least 
squares. A similar graph based on the 
points representing fracture is also 
included in this figure (the points for 
this curve are not shown). 


TABLE VIII. RESULTS OF DAMAGE TESTS. 

Cycle ratios are based on “T” indicates that specimen 
fractured; “U” indicates that tbe specimen did 
not break. 


Pre-stress, 

±48 000 psi. 

Pre-stress 

±48 000 ,psi. 

Stress, psi. 

103 Cycles 

Stress, psi. 

10® Cycles 

Cycle Ratio, 10 fee cent 

Cycle Ratio, 66% percent 

±54 000 

102 F 

±54 000 

■ '73 F' , ' 

±54 000 

70 F 

±54 000 

63. F 

±54 000 

96 F 

±54 000 

131 ,F 

±52 000 

225 F 

±52 000 

129 F . ■ 

±50 000 

146 F 

±50 000 

96 F 

±46 200 

1 187 F 

±46 000 

1 131 F 

±46 200 

514 F 

±46 000 

516 F 

±46 000 

22 339 U 

±44 600 

240 F 

±46 000 

27 721 U 

±44 400 

1 038 F 

±45 800 

44 988 U 

±44 400 

20 635 V 



±44 200 

36 233 U 

Cycle Ratio, 33}i per 

CENT 

Cycle Ratio, 90 per cent 

±54 000 

61 F 

±54 000 

99 F 

±54 000 

81 F 

±54 000 

24 F 

±54 000 

142 F 

±54 000 

58 F 

±52 000 

86 F 

±52 000 

112 F 

±50 000 

141 F 

±50 000 

111 F 

±47 000 

313 F 

±46 000 

622 F 

±46 000 

743 F 

±44 000 

132 F 

±45 300 

1 608 F 

±42 600 

410 F 

±45 100 

22 711 U 

±42 400 

416 F 

±45 000 

831 F 

±42 200 

34 516 U 

±44 900 

40 787 U 

±42 000 

17 709 U 

±44 800 

21 942 U 



±44 500 

20 027 U 



Pre-stress 

±54 000 psi. 

Pre-stress 

±54 000 psi. 

Stress, psi. 

103 Cycles 

Stress, psi. 

103 Cycles 

Cycle Ratio, 10 percent 

Cycle Ratio, 66% per 

CENT 

±52 000 

110 F 

±52 000 

69 F 

±50 000 

318 F 

±50 000 

186 F 

±48 000 

720 F 

±48 000 

132 F 

±45 800 

2 003 F 

±48 000 

86 F 

±45 800 

834 F 

±46 000 

454 F 

±45 600 

33 016 U 

±44 000 

19 227 U 

±45 600 

428. F 

±44 000 

19 133 U 

±45 400 

21 033 U 

±43 000 

18 986 U 



±42 000 

459 F 



±40 400 

16 10iU 

Cycle Ratio, 33% per 

CENT 

Cycle Ratio, 90 percent 

±52 000 

79 F 

±59 000 

12 F 

±50 000 

109 F 

±52 000 

54 F 

±48 000 

267 F 

±50 000 

91 F 

±46 000 

1 276 F 

±48 000 

128 F 

±45 600 

327 F 

±45 000 

' 641 F 

±44 000 

853 F 

±44 000 

162 F 

±43 800 

23 882 U 

±43 000 

25 304 U 

±43 800 

19 229 U 

±42 000 

144 F 

±43 600 

21 451 U 

±42 000 

16 009 U 



±41 000 

575 F 



±40 400 

176 F 



±40 200 

249 F 



±40 000 

21 338 U 



±40 000 

11 643 U 
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Fig. 17. — S-N Curve for Specimeas WMch 
Had Been Subjected to 33i per cent Cycle Ratio 
at ±54,000 psi. The square point is at the 
stress used for pre-stressing and the number of 
cycles obtained by subtracting the pre-stress 
cycles from expected life at this stress. 

Damage Tests Including Strength-Loss 

Line Hypothesis: 

In the next phase of the work, two 
stresses were chosen between the fatigue 
limit and the yield strength of the ma- 
terial, and specimens were stressed for 
various cycle ratios at these stresses. 
The stresses chosen were ± 48,000 and 
±54,000 psi., and the cycle ratios were 
based on the number of cycles to the 
start of cracking.® Eight pre-stress con- 
ditions were used, as shown in Table VII. 

The pre-stressed specimens were used 
to determine a complete S-N curve for 
each condition, a typical curve of this 
type being shown in Fig. 17. This 
method has been used recently by Kom- 
mers (2) to measure fatigue damage. 
These curves were determined in the 
usual manner, that is by tests to fracture. 
The experimental data are shown in 
Table VIII. The curves for the eight 
pre-stress conditions are shown in Figs. 
18 and 19. The cycle ratio for the 
largest number of cycles should be less 
than 90 per cent because of the speci- 
mens which cracked before reaching the 


term will be used to designate the number of 
cycles to the start of cracking. This value is determined 
from the cracking curve of Fig. 16, 


pre-determined number of cycles. How- 
ever, unlike the tests described in the 
preceding section, these results could 
not be accurately corrected for the 
premature failures, so no attempt was 
ihade to do so. 

An additional curve is shown on Fig. 
18, representing the S-N relationship 
for specimens which had been improved 
by understressing. Only five specimens 
were used to determine this curve, and 
the pre-stress treatments in the five 
cases were not identical, but as the scat- 
ter appeared to be small, the curve is 
probably reasonably reliable. The com- 
plete history of each of the five specimens 
is given in Table IX. 

TABLE IX.— TESTS OF SPECIMENS IMPROVED BY 
UNDERSTRESSING. 


“F’* indicates that specimen fractured, “U’’ indicates 
that specimen did not fracture. 


Pre-stress, 

psi. 

10® Cycles at 
Pre-stress 

Test Stress, 
psi. 

10® Cycles at 
Test Stress 

±45 000 

21 700 

±56 000 

80 F 

±46 000 

24 239 

±56 000 

79 F 

±45 900 

18 567 

±54 000 

144 F 

±45 900 

26 700 

±52 000 

438 F 

±45 800 

31 578 

±50 000 

3933 U 


In Fig. 19, a dashed line represents 
the S-N relationship for specimens 
which had been damaged 100 per cent, 
that is, specimens which were just ready 
to crack. This curve was obtained as 
follows: points were obtained at ±48,000 
and ± 54,000 psi. by subtracting the 
number of cycles to form a crack from 
the total number to fracture. Two 
additional points were obtained at 
± 42,000 and ±38,000 psi. by testing 
specimens having very small cracks 
(2 to 3 deg. loiig). The four points 
obtained in this way fell very close to 
the straight line shown in Fig. 19. There 
is no way to obtain directly the fatigue 
limit for 100 per cent damaged specimens. 

It will hp .noted in Figs. 18 and 19 that 
the curves; "appear to radiate from 
approximately the same point. This 
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Fig. 18. — S-N Curves for Specimens Overstressed at ±48,000 psi. and for Specimens Improved by 
Understressing. The figures on the curves represent the cycle ratio (based on ISfe) to 
which the specimens were run in pre-stress. 



CYCLES OF STRESS 

Fig. 19. -—S-N Curves for Specimens Overstressed at ±54,000 psi. The figures on the curves 
represent the cycle ratios (based on to which the specimens were run in pre-stress. 
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36000 38000 40000 42000 44 000 46000 48000 50 000 
FATIGUE LIMIT, PSi. 


Fig. 20. — Strengtli-Loss Relationship Derived from Curves of Figs. 18 and 19. 


suggests that the damage could be 
measured by a simple geometrical prop- 
erty of the S-N curves. In Fig. 20 the 
logarithm of the fatigue limit is plotted 
against the slope of the falling part of the 
S-N curve. While there is considerable 
scatter, the points lie approximately on a 
straight line, indicating that the damage 
is of the same nature regardless of the 
stress at which it was inflicted. The 
horizontal line at 3.27 represents the 
slope of the 100 per cent damage curve 
and the intersection of this line with that 
through the points should serve as a 
means of estimating the fatigue limit 
of the 100 per cent damaged specimens. 
There appears to be no method for 
checking the value obtained. 

It wiU be noted that the point repre- 
senting specimens which had been im- 
proved by understressing lies near the 
straight line through the damage points. 
This indicates that the changes due to 
understressing are of a sunilar type to 
those occurring on overstressing, ' but 
the results produced are in the opposite 
direction. 

If the type of damage does not depend 
on the stress at which it is inflicted, then 
the amount of damage should be repre- 
sented by distance along the curve of 
Fig. 20, being expressed as per cent of 
the distance from the value for the orig- 
inal material to that for 100 percent 


damage. This line therefore will be 
referred to as the strength-loss line. 
The distance along this line is plotted 
in Fig. 21 against the cycle ratio for the 
two values of pre-stress used, the distance 



O 20 40 60 80 too 

PER CENT CYCLE RATIO AT PRESTRESS 


Fig. 21. — Cycle Ratio versus Damage Re- 
lationship for Two Stresses. Dashed lines 
show method of predicting results for one com- 
plex loading schedule. 

being measured to the foot of the per- 
pendicular from each point to the line. 
The curves of Fig, 21 are significant, 
since they permit the prediction of the 
complete S-N curves for specimens 
which have been damaged by any 
amount of pre-stress at dz48,000, 
dz54,000 psi., or by any combination of 
these stresses. 
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Multiple Pre-Stress Tests: 

In order to investigate the reliability 
of the predictions based on the curves 
of Fig. 21 and at the same time to study 
the damage caused by more complex 
loading programs, six pre-stressing sched- 
ules shown in Table X were used. For 
each schedule, three to five specimens 
were tested to fracture at the test stress, 
and for schedule IV an attempt was 


TABLE X.— MULTIPLE PRE-STRESS TESTS. 


i 

Pre-stress 

Schedule® 

Test Results, IQs Cycles to 

Fracture i 

Median 10^ 
Cycles 

Prediction 
103 Cycles 

I 

126 

304 

163 

147 

207 i 

163 

177 

11 

65 

81 • 

57 

37 

21 

57 

56 

Ill 

7 

28 

5 



7 

34 

IV^ 

174 

80 

101 



101 

148 

V 

<0 

98 

<0 

102 

86 

86 

91 

VI 1 

106 

266 

75 



106 

137 


® I. —3334 per cent cycle ratio at =fc48 000 psl. + 33M 
per cent cycle ratio at d=:54 000 psi., test ±48 000 psi. 

II. — 33H per cent cycle ratio at ±54 000 psi. -{- 33H 
per cent cycle ratio at ±48 000 psL, test ±54 000 psi. 

III. — 75 per cent cycle ratio at ±54 000 psi. + 15 
per cent cycle ratio at ±48 000 psi., test ±54 000 psi. 

IV. — SO per cent cycle ratio at ±48 000 psi. + 333^ 
per cent cycle ratio at ±54 000 psi., test ±48 000 psi. 

V. — 85 per cent cycle ratio at ±48 000 psi. + 20 per 
cent cycle ratio at ±54 000 psi., test ±48 000 psi. 

VI. — 15 per cent cycle ratio at ±48 000 psi., 4- 10 
per cent cycle ratio at ±54 000 psi., then repeat twice 
more. Test ±48 000 psi. 

° Determination of fatigue limit for schedule IV. 

“F” indicates that specimen fractured, “U” indicates 
that specimen did not break. 

In addition to those listed, three specimens cracked 
before the pre-stressing was completed. 


Stress, psi. 

103 Cycles 

Fatigue-Limit 

Prediction 

±42 000 

4 898 U ’ 

±43 200 psi. 

±42 200 i 

22 715 U 

±42 800 

5 459 U 


±43 000 

399 F 



also made to determine the fatigue limit 
after pre-stress. All results of these 
tests are shown in Table X, together 
with the predictions based on Fig. 21. 
The method of making these predictions 
is illustrated by the dotted lines on the 
figure, showing the steps involved in 
schedule V. 85 per cent cycle ratio at 
±48,000 psi. results in 44 per cent 
damage; 44 per cent damage corre- 


sponds to 69 per cent cycle ratio ■ at 
±54,000 psi; 69 + 20 = 89 per cent 
cycle ratio at ±54,000 psi., which cor- 
responds to 69 per cent damage; 69 
per cent damage would be caused by 96 
per cent cycle ratio at ±48,000' psi., 
so 4 per cent cycle ratio should remain 
after the pre-stressing is complete. The 
number of cycles' to the start of cracking at 
this stress is 333^000. 0.04 X 3333000 — 
13,000, which represents the number 
of cycles to form a crack at the test 
stress. In addition, it requires 78,000 
cycles at this stress for the crack to grow 
to fracture, so the total predicted life 
under these conditions is 91,000 cycles. 

The results listed in Table X show 
reasonable agreement with the predic- 
tions, considering the large probable 
error of the tests involved. A small 
change in the rate of damage from one 
specimen to the next, particularly in the 
region where the curves of Fig. 21 are 
steep, may cause a large variation in the 
damage due to a certain pre-stress. 
Other methods tried for predicting these 
results, including the simple cumulative 
addition of cycle ratios suggested by 
Miner (6), failed to give reasonably close 
values for more than one or two of the 
schedules. 

Repair of Damage: 

Two exploratory tests were made to 
verify the work of others on the repair 
of fatigue damage. In each case the 
pre-stress was 90 per cent cycle ratio 
(based on at ±48,000 psi. The first 
specimen was then stressed at ±42,200 
psi. (just under the new fatigue limit) 
for 34 X 10® cycles. On testing at 
±48,000 psi. this specimen did not fail 
in 40 X 10® cycles. The uiiderstressing 
had not only repaired the prior damage 
but raised the fatigue limit above that 
of the material in its original condition. 
As a matter of interest this same speci- 
men. was subsequently ^Toaxed^^ by 
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stressing 20 to 30 million cycles at each fatigue limit than at stresses close to the 


of seven successively higher stresses. 
At a stress of ±62,000 psi. the specimen 
endured 21 X 10® cycles, then failed 
after 2,500,000 cycles at ±64,000 psi. 
Thus, a specimen, damaged to the extent 
where the fatigue limit was less than 
±42,500 psi. was improved by suitable 
stress treatment, bringing its fatigue 
limit above ±62,000 psi. 

The second damaged specimen was 
normalized in vacuum, reproducing as 
closely as possible the temperature cycle 
of the original heat treatment. On 
testing at ±48,000 psi. the specimen 
fractured in 1 26,000 cycles. The normal 
expectancy for specimens after this pre~ 
stress would be 143,000 cycles, indicating 
that the heat treatment resulted in no 
repair of the fatigue damage. 

Discussion 

The life of a specimen under fatigue 
stressing consists of two distinct phases: 
during the first, part of the material is 
progressively damaged until a small 
crack is formed, and during the second, 
this crack grows until fracture occurs. 
In this report the term fatigue damage 
is used to designate only the change 
occurring during the first stage, material 
being considered 100 per cent damaged 
at the time the first crack forms. If 
one wishes to study the first-stage dam- 
age, some method of determining the 
start of cracking is required. Lacking 
this, the effects of the second stage will 
confuse the results. Within the stress 
range used in this study, the proportion 
of the total life represented by the second 
stage varies from as much as 50 to as 
little as 10 per cent, so it can be seen 
that a large error would be involved if 
the two stages were not separated. 

With the S.A.E. X4130 steel used in 
this investigation, the ratio of the second 
stage to the total life of the specimen was 
larger at stresses considerably above the 


fatigue limit. This is contrary to what 
certain other investigators have re- 
ported, but such a discrepancy may be 
expected, since the ratio depends on 
many factors such as the slope of the 
S-N curve for the original material, the 
rate of crack propagation in the metal, 
and the size of the specimen. 

The damage resulting from a particu- 
lar number of cycles of overstress de- 
pends on the past history of the specimen. 
Thus, the performance cannot be pre- 
dicted accurately for metals in service 
which are subjected to various ranges 
of stress, unless the complete loading 
schedule is known. Since this generally 
is not possible, the best that can be done 
for increasing the safety of a given steel 
structure is to apply a large number of 
cycles of stress below the fatigue limit 
after each period of overstress. This 
usually is taken care of by the nature of 
the service, but in some applications 
involving exceptionally high stresses 
it might be worthwhile to apply low 
stresses purposely to counteract the 
effect of unusually long periods of high 
stress. 

The results of the limited number of 
tests made with specimens improved by 
understressing suggest that this im- 
provement can be measured by distance 
along a strength-loss line in a manner 
similar to that used for measuring dam- 
age (Fig. 20). If this can be done, then 
the results of any loading schedule can 
be predicted, regardless of whether the 
stresses are above or below the fatigue 
limit. 

Conclusions 

The results given in this paper lead 
to several important conclusions regard- 
ing fatigue damage occurring prior to 
the start of cracking. 

1. If the damage occurring at one 
stress was determined by measurement at 
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anotheij the apparent rate of damage 
depended on the value of both stresses. 
When the first was larger than the sec- 
ondj the damage occurred rapidly at 
first, then more slowly: the reverse' was 
true when the first stress was the smaller. 

2. The S-N curves for specimens after 
various damaging treatments showed 
that with increasing damage, the abso- 
lute value of the slope of the falling part 
of the curves increased and the fatigue 
limit decreased. 

3. These differences in the S-N curves 
provided a measure of damage with the 
help of which the damage occurring at 
different stresses could be directly added. 
The performance of specimens tested 
under complex loading schedules could 
be ascertained by the use of cycle-ratio 
versus damage curves for the stresses 
involved. 

4. The improvement due to under- 
stressing apparently can be measured 
in the same way as damage due to 
overstress. 

5. Fatigue damage prior to the start 
of cracking was repaired by understress- 
ing but not by heat treatment. 

Certain other conclusions regarding 


fatigue phenomena in generd may be 
drawn from the results obtained. 

6. The slopes of the falling part of the 
S-N curves for the same material in 
smooth, notched, and cracked specimens 
showed approximately the same stress- 
concentration ratios as the fatigue limits. 

7. The number of cracks formed in a 
specimen before fracture ' increased 
rapidly as the test stress was raised 
above the fatigue limit. 

8. The length, L, of fatigue cracks 
may be represented by the equation 

log (T — C) = a iV 

where C and a are constants, N is num- 
ber of cycles. 

9. In specimens stressed considerably 
above the fatigue limit, the number of 
cracks, If, in a narrow circumferential 
band of the specimen can be expressed 
by the equation 

Vm= ks 

where X is a constant and S is the aver- 
age stress in the band. 

10 . The development of a small crack 
in a specimen resulted in a large decrease 
in the value of the fatigue limit as 
compared with specimens which had 
been stressed just short of cracking. 
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DISCUSSION 


Chairman R. E. Peterson.^ — I was 
particularly impressed with Mr. Ben- 
netUs handling of the data from the 
statistical viewpoint. Also, I was im- 
pressed with the large number of cracks 
that were found in an ordinary, plain 
specimen. In some cases there were 
several hundred cracks, where we ordi- 
narily think of just one crack in that 
type of specimen. I should like to ask 
if work was done with other materials 
and if a similar situation was found with 
regard to the number of cracks. 

Mr. C. a. Adams.^— This paper might 
be criticized along the lines of Mr. Al- 
men^s discussion of the Jensen and Moore 
paper because of the lack of connection 
between the laboratory conditions and 
actual operating conditions. On the 
other hand, my personal attitude is that 
the paper makes a contribution in that 
it points out the effect of certain variables 
which had not been determined with any 
accuracy before. 

Every experimental investigation is a 
step in adding to our knowledge of the 
effect of the variables involved. It just 
happens that I am primarily an electrical 
engineer, and in that field the application 
of what some people scornfully refer to 
as theory can be much more accurately 
applied than in this very complex field 
of the behavior of metals under the end- 
less number of combinations of stresses — 
static, impact, fatigue, etc. 

In the electrical field, it is possible to 
sit down with pencil and paper and a 

1 Manager, Mechanics I)iv., Westinghouse Research 
Labs., Westinghouse Electric Corp., East Pittsburgh, Pa. 

» Consulting Engineer, The Budd Co., Philadelphia, Pa. 


thorough knowledge of the fundamental 
principles involved, and to design an 
electrical machine which will do what 
you want it to do, and to know that it 
will do it. The only difference between 
that situation and this one is the com- 
plexity of the phenomena and our lack of 
knowledge of the fundamental phases of 
the problem. What do we know about 
the ultimate nature of these phenomena? 

We are digging in a little deeper here 
“and there, with the latest scientific de- 
vices at our disposal, but we are still a 
long way from that fundamental knowl- 
edge which would enable us to make 
quantitative predictions as . to what 
would happen under new conditions or 
with new combinations of variables. 

My position, as contrasted to Mr. Al- 
men’s, is merely this: Not so much that 
these results are of little value because 
they do not simulate the operating condi- 
tions, or that we have not yet dug down 
deep enough into the fundamentals to be 
able to apply them quantitatively, but 
that every new experiment when properly 
interpreted adds something to our under- 
standing of the fundamental nature of 
these complex phenomena. 

Mr. J. a. Bennett {author). —In re- 
gard to Mr. Peterson^s question about 
other materials, I believe I forgot to call 
attention to the fact that all of the tests 
were run on normalized X4130. We 
have not done this type of thing on any 
other materials, although we are plan- 
ning similar tests on aluminum alloys. 

In regard to Mr. Adams' remarks with 
reference to lack of connection to service 
conditions, we were trying to bridge the 
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gap between laboratory tests and service 
conditions by making the loading sched- 
ules increasingly complicated. That is 
my justification. 

The improvement caused by small 
amounts of overstressing is a subject to 
which we have given a good deal of 
thought. This improvement has been 
reported by several investigators, both 
for laboratory specimens and machine 
elements, but we did not find it in this 
investigation. Such an improvement 
would drop the first part of the curve of 
Fig. 21 below the X-axis, but I believe 
the damage would still be additive. 

In the future we hope to extend the 
work to improved specimens. The one 
point determined in this investigation 
indicated that improvement could be 
handled by the same methods used for 
damage, and if that turns out to be cor- 
rect, we should be able to predict the 
life of a laboratory specimen under any 
program of loading. 

Certainly, then, we have moved a step 
closer to the service conditions, where 
the stress is fluctuating in a random 
manner. 

Mr. J. B. Kommers {by letter )? — ^This 
paper was especially interesting to me 
because for the past ten years I have 
been studying the changes that occur in 
fatigue specimens when subjected to 
stresses either above or below the or- 
dinary endurance limit. The primary 
object of my experiments was to deter- 
mine the changes that occur both in 
endurance limit and endurance life while 
the specimen is being subjected to fatigue 
stresses. 

In his opening paragraph the author 
makes the statement that overstress does 
not change the usual mechanical proper- 
ties uf the material In my paper, 
presented before the Society in 1938,^ I 

8 Professor of Mechanics, University of Wisconsin, 
Madison, Wis. ^ , 

4j. B, Kommers, “The Effect of Overstressing and 
Understressing in Fatigue,’^ Am. Soc. Testing Mats., Vol. 
38, Part II, p. 249 (1938). 


quoted some results by Memmler and 
Laute which showed that overstress in 
fatigue can change the yield point, elastic 
limit, and percentage of elongation. 

It has been assumed by some writers 
that when, say, 50 per cent of the 
endurance life has been used up at one 
overstress, and if the overstress is then 
increased or decreased, that the same 50 
per cent decrease in endurance life will 
carry over at the new overstress. This 
may occasionally be true for some 
stresses and some materials, but it is not 
generally true as shown by Fig. 7 of the 
author’s paper and the results given in 
my 1945 A.S.T.M. paper.® If such 
carry-over of damage to endurance life 
were a correct assumption, the experi- 
mental points ill Fig. 7 should fall on the 
dashed 45-deg. line. 

Another point brought out by Fig. 7, 
which is similar to results that I have 
found, is that when the first overstress 
is high and the second lower, the damage 
is greater than the equal damage repre- 
sented by the 45-deg. line, and when the 
first overstress is low and the second 
higher, the damage is less than equal 
damage. 

I wish to congratulate the author on 
the ingenuity he has shown in construct- 
ing Fig. 21, by means of which the dam- 
age may be predicted for a series of dif- 
ferent overstresses. If a greater variety 
of prestresses were used, a family of 
curves could be developed which would 
augment the usefulness of the diagram. 
Even if such results are only approxi- 
mate, they represent an advance in 
technique. 

In the past, various methods have been 
tried in an attempt to repair the damage 
to endurance limit caused by overstress. 
So far as I am aware, this can be accom- 
plished only by understressing or a com- 


5 J, B. Kommers, “The Effect of Overstress in Fatigue 
on the Endurance Life of Steel,” ProcetMngs^ hm. Soc. 
Testing Mats., Vol. 45, p. 532 (1945) . 
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bination of understressing and coaxing. 
In 1937/ I reported results similar to the 
author’s^ on the effect of understressing 
in repairing damage. 

From my experiments I have con- 
cluded that the number of cycles after a 
crack first developed was small, while the 
author’s experiments with his particular 
steel show that this is not always the 
case. His method of setting the testing 
machine to shut off at a fixed deflection 

8 J. B. Kommers, '“Overstressing and Understressing in 
Fatigue,” Engineering^ (London), VoL 143, p. 620 (1937). 


of the specimen should prove to be a gen- 
erally useful device. 

Mr. Bennett. — Mr. Kommers has 
called attention to an inaccurate state- 
ment in the first paragraph of the paper. 
During fatigue stressing the metal is 
being cold worked, and the mechanical 
properties will change accordingly. 
However, it is not possible to distinguish 
between cold work which is damaging 
.and that which is beneficial; that is there 
is no change in mechanical properties 
corresponding to the change in fatigue 
properties. 



THE NOTCH SENSITIVITY IN FATIGUE LOADING OF SOME 
MAGNESIUM-BASE AND ALUMINUM-BASE ALLOYS* 

By George H. Founb^ 


Synopsis 

Fatigue tests of the rotating-beam, axial loading, and plate bending types 
were performed on a number of commercial magnesium and aluminum-base 
alloys. The results are presented, but they are not believed to be directly 
applicable for quantitative design purposes. They are used, however, to 
draw general conclusions regarding the use of magnesium and aluminum 
under various conditions of stress concentration, temperature, and required 
life. 


The nature of the structural applica- 
tions for which the light metal alloys 
are generally used is such that their 
service performance is frequently gov- 
erned by their fatigue properties. For 
this reason, increasing regard is being 
paid to the fatigue characteristics of 
these materials. 

Closely associated with fatigue prop- 
erties is notch sensitivity, or the effect 
of concentrated polyaxial stresses on 
metal strength. Experience shows that 
service failures usually occur at stress 
concentrations which are inevitably as- 
sociated with methods of joining parts, 
with general design, and with conditions 
of surface finish. Service experience 
with magnesium castings has shown 
that in highly stressed regions the stress- 
concentration factor associated with 
design should be maintained below 1.3. 
In the vicinity of screw threads and 
bolt and stud holes, severe stress con- 
centrations may exist when service 
load is applied. In such' regions, where 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24r-28, 1946 
, i The now Chemical Co,, Midland, Mich. 


the stress-concentration factor may be 
as high as 5, the nominal stress is main- 
tained at a low level by the use of thicker 
sections and bosses. In wrought metal 
structures where stress concentrations 
as high as 9 may exist at joints, various 
expedients for reinforcement, such as 
the use of butt straps and gussets, are 
resorted to in order to reduce the nom- 
inal stress. 

Since the importance of stress con- 
centrations is thus quite evident, this 
paper includes data from notched-bar 
fatigue tests as well as from plain-bar 
fatigue tests. The former provide a 
measure of the notch sensitivity in 
fatigue of the various materials in- 
vestigated. 

The most common sources of fatigue 
information are the results obtained 
from tests run on several types of labora- 
tory fatigue testing machines. Polished 
test bars of' standardized design and 
surface finish are generally used. The 
fatigue data presented herein are 'in- 
tended to provide a basis for qualitative 
comparison of alloys under various types 
of load application and various condi- 



Fig. 1. — Dimensions of the Specimens Used for Rotatin^Beam Fatigue Tests. Fig. 2. —Dimensions of the Specimens Used for Plate 

Bending Fatigue Tests. 
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tions of temperature, desired life range, 
and notching. , 

It is important to note that the results- 
from these fatigue-bar tests on magne- 
sium and aluminum alloys have been 
found to be of but limited use for pre- 
dicting actual stress ranges for safe 
dynamic loading of parts and assemblies 
in service. In the case of castings, 
this can be associated with the metal- 
lurgical differences between test bars 
and actual parts; and also with the 
relative effects of surface finish on test- 
bar fatigue properties as compared to 
the effects on parts. Often for wrought 
assemblies, which incorporate sheet, 
extrusions or forgings, the strength of 
joints is the determinative fatigue prop- 
erty of structures, while the fatigue 
properties of the unnotched metal are of 
secondary importance. Further, in the 
case of both cast and wrought metal, 
the dissimilarity in the way in which 
load is applied to fatigue bar specimens 
as compared to full-scale parts under 
service loading accounts for an addi- 
tional discrepancy between the fatigue 
properties of test bars and actual parts. 
How each of the above variables affects 
the results is beyond the scope of the 
present paper. Suffice it to say that it 
is recommended that the test-bar data 
presented here not be used quantitatively 
for design values, but rather, simply 
for a qualitative comparison of mate- 
rials. 

Types oe Fatigue Testing 

The types of fatigue tests for which 
data are given are the rotating beam in 
pure bending, the cantilever plate bend- 
ing, and the axial or direct loading 
tests. The various fatigue testing ma- 
chines in which each of these three 
types of loading was accomplished are 
respectively, the standard R. R. Moore, 
the Krouse flexure plate, and the Krouse 
direct-loading machines, ail of which are 


vreU known. The shape and dimen- 
sions of the test specimens used in each 
of these tests are shown in Figs. 1, 2, 
and 3. 

A summary of the salient features of 
each of these three fatigue bar tests is 
of interest for full evaluation of the 
testing: 

Tests for room-temperature data were 
made on standard R. R. Moore ma- 
chines, some of which operated at 10,000 
and others at 3000 rpm. This differ- 
ence in rate of stressing did not affect the 
results. Due to unavoidable heating 
effects in the bearings, the temperature 
of the specimens during test was about 
100 F. However, the tests were in- 
sensitive to this deviation from normal 
room temperature. 

Tests at 250 and 300 F. were also run 
on the standard R. R. Moore machines. 
A small tube furnace surrounding each 
specimen, with clearance just adequate 
to permit proper machine operation 
was satisactory for this testing. The 
temperature at a point in. from the 
bar was calibrated against the bar 
temperature when the fatigue machine 
was not running. The change in tem- 
perature when the bar was set in motion 
was determined by making the measure- 
ments immediately after the bar had 
run at equilibrium temperature for 
several hours. The specimen tem- 
peratures were judged to be accurate 
to within ±5 F. Excessive heating of 
the bearings in the housings of the 
fatigue machines occurred due to ther- 
mal conduction through the specimens 
into the specimen collets. This was 
reduced by the use of ceramic collet 
inserts. Incompleted tests at 400 F. 
have demonstrated that further modi- 
fications of this system are necessary 
if temperatures in excess of 400 F. are 
to be obtained in the standard R. R. 
Moore tests. 

The flexural (plate-bending) fatigue 
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test' data presented were obtained at with the aid of a stroboscope. To 
room temperature only. For these tests ^reduce further the inertia effects, the 
the load was applied by an eccentrically loading arms of these machines were 

driven loading arm attached to the made of magnesium alloy. Despite 

outer end of the cantilever-beam sped- these precautions, additional efforts were 

mens. Sheet, cast panels, and flat necessary when very thin gage sheet 

extrusions have been tested in this type (0.020 in. or thinner) was tested at 

of fatigue test. Because the inertia stresses in excess of 15,000 psi. For 


12 “ 



SHEET SPECIMEN WITH VARIOUS TYPES 
OF NOTCHES SUPERIMPOSED 



PLAIN ROUND SPECIMEN 




NOTCHED ROUND SPECIMEN 
S.C.F.»2.4 

Fig. 3. — Dimensions of the Specimens Used for Axial Loading Fatigue Tests. 

effects of the loading arm were accen- this purpose an accessory jig was de- 

tuated in relatively long test spedmens vised, which is shown in Fig. 4. The 

of thin gage, the smaller specimen size inertia effects of the loading arm are re- 

was used for sheet of gage thinner than sisted by this jig. The specimen, which 

0.064 in. These inertia effects were was loaded through the jig, was thus not 

manifest as a whipping action in the subjected directly to the inertia effects, 

motion of the specimen, rather than a The stress at which the spedinens oper- 

uniform bending. This could be seen ate in this type of testing machine was 
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calculated on the basis of the dimensions calculated stress. This error was less 
of the specimens and the load necessary than 2000 psi. 

to effect the deflections at which the The axial-loading fatigue machines 
specimens are run. Since such beam were operated at room temperature and 
calculations were based upon perfect at 275 F. The loading, in the type of 


Fig. 4. — -Accessory Jig Used on Plate Bending Tests to Reduce Inertia Forces in Thin Sheet 


machine used, was applied by a lever 
arm that was connected through a plate 
fulcra system to the specimen and the 
lever was flexed by a rotating eccentric. 
Considerable care had to be exercised in 
order to obtain grip alignment and, 


elasticity, at the high stress end of the 
S-N fatigue curve, the stress often ex- 
ceeded the elastic limit . For this reason, 
there was a small inherent inaccuracy 
for high stress calculations and the actual 
stress tended to be lower than the 
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hence, axial loading. For the tests on 
sheet, this was accomplished by me- 
chanic^d methods to within 0:01 in. in 
12 in. For the tests on rounds, me- 
chanical methods were again used for 
aligning the grips. Subsequent checks 
with electric strain gages mounted on 
four sides of a cylindrical specimen re- 
vealed that the worst case of nonaxiaUty 
to be found in any set of grips effected 


TABLE I.-DESIGNATIONS AND NOMINAL 
COMPOSITIONS OF MATERIALS 
TESTED. 


A.S.TM. 

Dow 

Composition, per cent 

Designation 

Desi^ation 

Alumi- 

num 

Magne- 

sium 

Zinc 


Magnesium 


AZ92 

1 

9.0 

0.1 

2.0 

AZ63 

H.. 

0.0 

0.2 

3.0 

AZ91 

R 

9.0 

0.2 

0.6 

MZ 

M.. 


1.5 


AZ31X i 

FS-1..... .. ... 

3.0 

0.3 

1.0 

AZ61X ! 

J-l..... 

6.5 

0.3 

0.7 

AZ80X : 

0-1 

8.S 

0.3 

0.5 

AZ51X ...j 

JS-1 1 

' 4.8 

0,3 - 

0.8 


Aluminum 


Chemical Composition^ per cent 


Commercial 

Designation 

Copper 

Magnesium 

u 
w 
a; 
a ■ 

d 

to 

a 

a 

Iron 

Nickel 

Silicon 

195 

4.0 






355 

1.3 

0-5 




5.6 

356 


0.3 




7.0 

122 

10.6 ! 

0.2 


i.2 



142 

4.0 

1.5 



2.0 


220 


10.0 





24S 

4.5 

1.5 

0,6 




18S 

4.0 

0.5 



2.6 


7SS 







R-301.,.. 

4'.5 

o's 

o,i 



6.8 

13 
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a ±7 per cent variation in stress level 
across a specimen at 1500 psi. This 
decreased with increasing applied loads. 
A major part of the scatter in the axial 
fatigue test results thus could be at- 
tributed to this unavoidable variation 
in alignment. 

The type of axial loading fatigue 
testing machine used maintained a 
constant deflection during the course of 
any one test. Relaxation during test- 


ing due to plastic deformation in the 
specimens, however, resulted in a re- 
duction of the stress in the specimen. 
Periodic readjustments in the loading 
was, therefore, made during the course 
of each test. In some machines this 
was accomplished automatically by 
built-in compensating equipment. For 
the current testing, the original load, 
as well as the corrections, was determined 
with the aid of dynamic electric strain 
gages and electric strain analyzing ap- 
paratus. The strain gages were fixed 
to the plate fulcra of the testing ma- 
chines. The necessary corrections were 
made manually. The correcting of the 
loading could be done without stopping 
the testing machine or otherwise in- 
terrupting the test. Load checks were 
made every 5 min. for the first hour and 
every 15 min. thereafter until either 
relaxation ceased or the specimen broke. 
Usually 2 to 4 hr. were required for the 
specimens to adjust themselves to resist 
further relaxation. 

The axial-loading fatigue tests were 
run in the same manner at elevated 
temperature as at room temperature, 
except for more frequent and more 
extended checks of the relaxation. Tube 
furnaces were used to enclose the speci- 
mens. The temperature was main- 
tained to ±5 F. 

Material Tested 

Both cast and wrought magnesium- 
base and aluminum-base alloys were 
tested. These materials were of com- 
mercial quality and were of acceptable 
mechanical properties.^ The alloys are 
listed and their nominal compositions 
and typical mechanical properties are 
given in Tables I and II, respectively. 

The sand-cast magnesium specimens 
used were free from porosity and were 
of average grain diameter between 


® See Note 6, Table II. 


.k 
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0.003 and about 0.008 in. The sand 
and permanent mold cast aluminum 
test bars were made and heat-treated 
by a commercial aluminum foundry. 
The wrought metal specimens were cut 
from batches of commercial sheet and 
extrusions. The die-cast bars were cast 
to shape according to normal commercial 
practice. The specimens of forged ma- 
terial were cut from forged stock which 
was also prepared according to com- 
mercial practice. 

Results OE Tests 

The shape of the fatigue curves varies 
for aluminum- and magnesium-base al- 
loys as is demonstrated in the sample 
curves in Figs. 5, 8, 9, and 10. The 
curves for the magnesium-base alloys 
frequently flattened out in the vicinity 
of 10® to 10^ cycles for the tests involv- 
ing bending. In the axial-loading fatigue 
tests the flattening sometimes occurred 
at less than 10® cycles, particularly in 
the case of sheet alloys. The curves 
for aluminum rarely flattened out at 
less than 10® cycles. In general, by 
virtue of this tendency for flatness in 
the long-life portion of the curve, the 
magnesium-base alloys gain either equal- 
ity with, or superiority over, the alumi- 
num alloys at long life. In addition, 
the short-life portion of the fatigue 
curves for aluminum often has a sig- 
nificantly steeper slope than do the 
curves for magnesium. This was par- 
ticularly true in bending fatigue tests. 
The terms ^'short life” and “long life” 
are used throughout to differentiate 
between the portions of the fatigue curve 
of the characteristics just described. 
These regions are around 10® cycles, and 
10^ cycles and greater, respectively. 

Rotating Beam Tests: 

Test bars were prepared according to 
a given machining and polishing sched- 
ule, The final machining cuts were 


reduced to 0.010 in. to minimize the 
depth of cold-working at the surface. 
The notched bars were then tested 
without further preparation. The plain 


TABLE II,-TyPICAL MECHANICAL PROPERTIES 
OF MATERIALS TESTED. 


Alloy and Heat 

■5 

bO 

V a 

€ , 
M 

rt 

»=* 

0 r'2 
T3 « § 

oj*’^ 

a 

.2 ^ 
w to 

Treatment 


Yield 

Stre 

psi. 

hiOcsi 

ft a) K.,.: 


gw a 
E-f 

S 0 S 

;©,» p, 

W 

gjSco ft 
Q 


Sand Casting Alloys 


C-AC. 

24 000 

14 000 

2 

C-HT 

40 000 

16 0(K) 

10 

C-HTS 

40 000 

26 000 

3 

C-HTA 

40000 

23 000 

2 

H-AC.... 

29000 

14 000 

6 

H-ACS 

29 000 

14 000 

5 

H-HT 

40 000 

14 000 

12 

H-HTS 

40 000 

17 000 
19 000 

7 

mHTA 

40 000 

5 

195-T6 

36 000 

24 000 

S.O 

3.5S-T6 

35 000 

25 000 

2.5 

356-T6 

33 000 

24 000 

4.0 

i22-T2 

27 000 

20 000 

0.5 

142-T61‘* 

37 000 

32 000 

<0.5 

220-T4 

46 000 

25 000 

14.0 



Die Castings 


R.,.. 

33 000 ! 

22 000 

3 

Alcoa No. 13 

37 000 1 

18 000 

1.8 



Extrusions 


M 

38 000 

26 000 

10 


FS-1 

40 000 

30 000 

IS 


J-1 

45 000 

32 000 

IS 


0-lHTA 

50000 ' 

34 000 

7 


24S-T 

68 000 1 

46 000 

22 


18S-T^ 

52 000 j 

41 000 

8.5 



Forgings 


pi 

43 000 

26000 

12 

0-1 

46 000 

31 000 

8 

0-1 A 

50 000 

34 000 

6 

0-lHTA i 

50 000 

34 000 

5 


Sheet 


Pla 

43 000 

26 000 

16 

16 000 

Plh.... 

47 000 

34 000 

9 

27 000 

FS-la 

37 000 

22 000 

21 

16 000 

FS-lh 

43 000 

33 000 

11 

26 000 

Ma 

33 000 

IS 000 

17 

12 000 

Mh 

37 000 

29 000 

8 

20 000 

JS-la 

41000 

22 000 

18 

IS 000 

JS-lh 

44 000 i 

33 000 

9 

27 000 

24S-T 

68 000 i 

46 000 

19 


75S-T 

76 000 

66 000 

11 


R301-T i 

68 000 

61 000 i 

9 1 





' 1 



® Cast by permanent mold methods. 

^ Rolled and straightened rod. 950 F., 12 hr., Q., 450 F. 
16 hr.— Batch properties not, typical properties. 


bars were polished with a series of 
abrasive papers starting with No. 320 
and ending with a No. 000 metallo- 
graphic abrasive paper. To complete 
the polishing, suspensions of alundum 
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and ■ then ■ levigated alumina followed 
by dry . buffing were used. This pro- 
cedure conferred a specular surface 
finish and removed the 0.001 to 0.002- 
in. surface layer containing the most 
heavily worked metal In this test the 
mean stress during the testing was zero. 

Fatigue curves from several rotating- 
beam tests are shown in Fig. 5. In 


ordinates. Data from rotating-beam 
tests on plain and notched specimens 
at room and elevated temperatures 
appear in Table III. These results are 
for both magnesium and aluminum al- 
loys in both cast and wrought form, 
the tests curves being run out to 10® 
cycles. Since in most cases the fatigue 
curves for magnesium alloys flatten at 



order systematically to construct the 
fatigue curves on the basis of test points 
which have the usual scatter character- 
istics, the method of least squares was 
used in calculating the slope and inter- 
cepts of the fatigue curves. This was 
facilitated by the fact that the stress- 
life relationship for the test points was 
linear when plotted on logarithmic co- 


about 10^ cycles, running specimens 
beyond 10® cycles was unnecessary. 

In evaluating these fatigue data a 
definition of what constitutes a sig- 
nificant difference between test results 
on different materials is important. 
By statistical analysis, the standard 
error was calculated for the rotating- 
beam tests. At stress levels in .excess 
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of 10^000 psi., the possible error due to 
testing and also to unintentional batch 
differences was about ±1000 psi. Be- 
low lOjOOO psi. the possible error was 
about ±500 psi. Thus, differences be- 


long life at' room ■ temperature. The 
cast aluminum alloys are of equal or 
slightly superior dynamic strength for 
short-life application, but appear to be, 
at best, about two thirds the cast mag- 



Fig. 6.—Data from Rotating Beam Fatigue Tests Showing the Effect of Notches of Various Stress- 
Concentration Factors on the Fatigue Properties of Several Magnesium and Aluminum 

Alloys. 


tween curves, to be significant, must 
be at least 2000 psi. at stresses above 
10,000 and 1000 psi. below 10,000 psi. 

On this basis, data for plain bars in 
the rotating-beam tests in Table III 
may be evaluated. Of the magnesium 
C and H sand-casting alloys, the HT, 
HTS, and HTA states are in the same, 
class of superiority at both short and 


nesium test bar fatigue strength for 
extended life. 

In Fig. 6 are the results of tests on 
notched bars of several alloys, taken from 
Table III and plotted as a function of 
degree of notching. The results (S.C.F.® 
= 2) show the cast aluminum to be 


» S.C.F. Stress-concentration factor as determined 
from geometry of notch and nature of applied loading. 
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T ABLETII.-EOTATIK G BEAM FATIGUE DATA AS A FUNCTION OF TEMPERATURE AND NOTCHING. 


1 

Alloy and Heat Treatment ' 

Plain Bar Properties, psi. j 

i 

Notched Bar Properties, 
Stress Concentration Factor 
== 2, psi. 

Notched Bar Properties, 
Stress Concentration Factor 
— 5, psi. 


105® 

107 

108 

106 

107 

108 j 

1 105 

107 

108 


SAND CASTINGS 


Room Temperature 


C-AC. ' 

18 500 

14 500 

13 000 

11000 

8 500 

7 500 

8 500 

5 000 

4 000 

C-HT... 

20 000 

16 500 

16 000 

15 500 

13 500 

12 500 

10 000 

6 000 

5 500 

C-HTS.. 

20 500 

15 000 

13 000 

14 500 

10 000 

9 000 

8 000 

6 500 

6 000 

C-HTA.. 

19 500 

16 000 

IS 000 

14 000 

9 500 

9 500 

7 500 

5 000 

4 500 

H-AC 

18 000 

10 500 

10 500 

13 500 

7 000 

7 000 

8 500 

5 000 

4 000 

H-AGS ... 

23 000 

15 000 

12 000 

12 500 

9 500 

8 500 




H-HT... 

21 500 

16 500 

16 500 

17 500 

9 000 

8 500 

8 500 

7 000 

6 500 

H-HTS 

21000 

16 000 

15 000 

14 000 

10 500 

9 500 

7 500 

6 000 

5 500 

H-HTA 

18 000 

16 000 

15 000 

11 500 

9 500 

9 000 

8 500 

5 000 

3 500 

195-T6 

21 000 

10 000 

7 500 

20 000 

7 500 

7 000 

28 000 

11 500 

7 500 

3S5-T6 

23 500 

11000 

8 500 

20 000 

9 500 

8 500 

24 000 

13 500 

10 500 

3S6-T6 

22 000 

11 500 

10 000 

19 000 

10 500 

8 500 




122-T2 

17 000 

10 500 

10 000 

11000 

7 000 

5 500 




220-T4 

19 500 

10 500 

8 000 

17 000 

9 000 

j 6 500 





250 F. 


C-HTA 

14 500 

11 500 

10 500 

13 500 

8 000 

6 000 



H-HTA 

17 000 

12 500 1 

11 000 

11500 

7 000 

7 000 







300 F. 


C-HTS 

iSSOO 

10 000 

9 000 

11 000 

5 500 

4 500 




C-HTA. 

16 000 1 

11 000 

10 000 

11500 

6500 

6 000 




H-HT S 

13 500 ' 

9 500 

9 500 

10 000 

5 500 

5 000 




H-HTA 


9 000 

7 500 

9 500 

6 000 

5 000 




195-T6 

21000 

9 000 

9 000 

17 500 

7 500 

7 000 




355-T6 

20 500 

11 000 

10 000 

19 500 

8 000 

8 000 




356-T6 

20 500 

10 000 

10 000 

17 000 

8 500 

8 000 : 




122-T2 

14 500 j 

9 500 

8 000 

13 000 

7 500 

7 000 i 





PERMANENT MOLD CASTINGS 


Room Temperature 


C-HTA 

20 500 

16 000 

14 000 

16 000 

10 500 

8 500 




142-T6 

20 000 

10 500 

9 000 

15 000 

8 000 

8 000 





300 F. 


142-T6 

18 000 

10 000 

9 500 

15 000 

7 500 

7 500 




DIE CASTINGS 

Room Temperature 

R (c) 

17 500 

16 000 

15 000 

9 500 

15 000 

9 500 







Alcoa No. 13& 

















EXTRUSIONS 

Room Temperature 

M......... 

IS 500 

27 000 

24 500 

27 000 

27 000 

45 000 

33 000 

10 500 

21 000 

20 500 

22 500 

22 500 

24 000 

22 000 

10 500 

19 000 

20 000 
20 500 
20 500 

19 000 

18 000 

11000 

16000 

16 000 

16 500 

17 000 

25 000 
21000 

7 000 

10 500 
11500 

12 500 

13 000 

13 000 
11000 

5 500 

9 000 

10 000 
11000 
11000 
11000 

9 000 




FS-l..... 

J-L... 

0-1 

0-lHTA 

24S-T.......... 

18S-T®... 

11 500 

10 500 
11000 

23 000 

6 500 

7 000 

8 000 

10 500 

6 000 

6 000 

7 000 

7 500 

FORGINGS 

Room Temperature 

J-L 

0-1. 

O-IA........... ........ ....... 

O-IHTA..... 

27 500 

28 000 

25 000 

26 000 

21 500 

22 000 
20 000 

16 000 

19 500 

19 500 
18 000 
16 000 

14 500 

16 500 
16 500 

14 500 

11000 

11500 

9 500 

9 500 

9 500 

10 500 

9 500 

9 500 




300 F. 

0-lA,....v... 

20 500 

11000 

10 500 

10 500 1 6 500 

5 000 





® Nimber of cytles to failure. 

As die cast surf aces. 
®RoIle<irod, 
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somewliat^ superior in- notched strength mately 5, see Fig. 1 for geometry)^ 
at short life to cast magnesium alloys.^ was quite different in magnesium 
For long-life applications, the notched- than in aluminum casting alloys, the 
bar strengths of the best -aluminum and fatigue properties for magnesium being 
magnesium casting alloys are about the decreased slightly less than the pro- 




100 


200 


3 00 


TEMPERATURE, DEG. FAHR. 


Fig. 7. — Bata from Rotating Beam Fatigue Tests Showing the Effect of Elevated Temperature on 
Several Magnesium and Aluminum Casting Alloys. 


same, except for C-HT which was su- 
perior to all others. 

The effect on the fatigue bar proper- 
ties of a sharp notch (S.C.F., approxi- 

< R. E. Peterson and A. M- Wahl, ^‘Two and Three 
Dimensional Cases of Stress-Concentration, and Com- 
ppison with Fatigue Tests,” Transactions^ Am. Soc. 
Mechanical Engrs., March, 1936, Vol. 58, p. AIS. 


portionai increase in stress concentra- 
tion. However, the fatigue properties 
of cast aluminum increased greatly at 
short life and slightly at long life. It 

s G. N. Neugebauer, “Stress Concentration Factors 
and Their Effect on Design,” Product Engineer, February, 
1943,Vol, 14,pp.82. 168, 
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is, apparent that the aluminum casting 
alloys were less notch sensitive in this 
fatigue test to severe concentrations of 
stress than were the magnesium casting 
alloys. 

Data for rotating-beam tests at ele- 
vated temperatures from Table III are 
plotted in Fig. 7. At short life the 


^ Plain bars of two permanent mold 
casting alloys representative of mag- 
nesium and aluminum, C-HTA and 
142-T6, had about the same strength 
at short life. However, for long life, 
C-HTA had about 50 per cent greater 
strength than 142-T6. The notched- 
bar properties (S.C.F. == 2) were similar 


TABLE IV.-ROTATING BEAM FATIGUE DATA-NOTCH FACTORS. 



Notch Factors 

Notch Factors 

Notch Factors 

Alloy and Heat Treatment , 

Stress-Concentration Factor 
« 2 

Stress Concentration Factor 
= 5 

Stress Concentration Factor 
= 2 

Room Temperature 

Room Temperature 

1 300 F. 



106 1 

10? 

108 

106 

107 1 108 

105 I 107 

108 


Sand Castings 


C-AC. 

0.59 

0.59 

0.58 

0.46 

0.35 

0.31 




C-HT 

0.78 

0.82 

0.78 

0.50 

0.36 

0.29 




C-HTS 

0.71 

0.67 

0.69 

0.39 

0.23 

0.22 

0.71 

O.SS 

0.50 

C-HTA 

0.72 

0.59 

0.6,3 

0.38 

0.31 

0.30 

0.72 

0.S9 

0.60 

H-AC.... 

0.75 

0.67 

0.67 

0.47 

0.48 

0.39 




H-ACS 

0.54 

0.63 

0.71 







H-HT 

0.81 

0.55 

0.51 

0.39 

0.43 

0.39 




H-HTS i 

0.67 1 

0.66 

0.63 

0.36 

0.37 

0.37 

0.74 

0.58 

0.53 

H-HTA ! 

0.64 ! 

0.59 

0.60 

0.47 

0.31 

0.23 


0.67 

0.67 

195T6 

0.95 

0.75 

0.93 

1.34 

1.15 

1.00 

0.83 

0.83 

0.78 

355 T6 

0,85 

0.86 

1.00 

1.02 

1.23 

1.24 1 

0.95 

0.73 

0.80 

356-T6 

0.86 

0.91 

C.85 




0.83 j 

0.85 

0.80 

122 -T2. 

0.65 

0.67 

O.SS 




1 , 0.90 

0.79 

0.88 

220-T4 j 

0.87 

0.86 

0.81 

i 

1 • • • i 







Permanent Mold Castings 


C-HTA 

0.78 

0.66 

0.61 







142-T6 

0.75 

0.76 

0.89 




0.83 

0.’7S 

0.79 






Extrusions 

M 

0.71 

0.67 

0.52 







FS-l 

0.59 

0.50 

0.47 







j-1 

0.65 

0.56 

0.50 

0.47 

0.32 

0.30 

0 .39 




5-i 

0.61 

0.56 

0.54 

0.43 

0.31 




0-lHTA 

0.63 

0.58 

0.54 

0.41 

0.36 

0.34 

0.39 




24S-T 

0.56 

0.54 

0.58 

0.51 

0.44 




18S-T. 

0.64 

0.50 

0.50 












Forgings 


J-t, 

0.53 

0.51 

0.49 







FS-l... 

0.80 

0.68 

0.65 







0-1..... 

0.57 

0.52 

0.54 







0-1 A ; 

0.66 ! 

0.48 1 

0.53 







0-lHTA 

0.56 1 

0.59 

0.59 




o.sV 1 

0.59 

1 / 0.48 


highest fatigue properties for the plain 
bars of aluminum casting alloys were 
superior to those of magnesium casting 
alloys but at long life there was no 
appreciable difference. The properties 
of notched bars of aluminum were 
generally superior to C and H magne- 
sium casting alloys under any condition 
at elevated temperature. 


for the two alloys. With this exception, 
the comparison between permanent mold 
casting alloys of the two metals was 
similar to that between the sand-cast 
alloys. 

Rotating-beam test bars of mag- 
nesium-base R alloy and aluminum-base 
13 alloy were die cast (Fig. 1). In order 
to approximate service conditions they 
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were tested with the die-cast surface 
as-received. The comparison for plain 
bars of the two was about the same as. 
that for the sand-cast alloys, the mag- 
nesium bars being about 50 per cent 
stronger at long life and of equal strength 
to the aluminum alloy at shcH*t life. 

Test specimens were cut from |-m. 
extruded rounds. Magnesium-base M 


cations, the specimens from the alumi- 
num-base extrusions were superior. 

Of the forged magnesium alloys, J-1 
and 0-1 had the highest strength, plain 
bars with the fiber direction, parallel, 
to the direction of loading being tested. 

In ..Table IV the relative effects of 
notching on the fatigue properties are 
expressed in terms of the “notch factor’^ 


TABLE V.-PLATE BENDING FATIGUE DATA AT ROOM TEMPERATURE-MEAN STRESS 

EQUALS ZERO. 


Alloy and Temper 


Gage 

Plain Bar Properties 

Notched Bar Properties® 

105 107 

10® 

105 1 

1 I 

10® 


Notch Factors 



10 ® 


Sheet Alloys 


J-la. ... 
J-lh... 
FS-la. . 
FS-lh.. 
Ma . . . . 
Mh.... 


“la.. . 
-Ih.. 
FS-la. 
FS-lh. 
Ma.... 
Mh... 


JS-la., 

JS-lh. 


24S-T 

7SS-T clad. . 
R301-T clad, 


24S-T 

75S-T clad. . 
R301-T clad. 


0.020 

23 500 

15 000 

14 000 

15 000 

IISOO 

11 5O0^’ 

0.64 

0.77 

' 0.82 


30 000 

21000 

18 000 

15 000 

10 500 

10 500 

O.SO 

0.50 

0.5S 


10 500 

15 500 

15 500 

17 000 

13 000 

13 000 

0.87 

0.84 

0.84 


20 000 

19 500 

17 500 

19 500 

13 000 

11000 

0.95 

0.62 

0.63 


16 000 

10 000 

10 000 

10 000 

5 000 

5 000 

0.63 

O.SO 

O.SO 


16 000 

10 500 

10 500 

10 500 

5 000 

4 500 

0.6S 

0.48 

0.43 

0.064 

18 000 

14 500 

14 000 

24 000 

IS 500^ 


1.33 

1.07 



19 000 

16000 

15 000 

21000 

16 500 


1.10 

1.03 



15 000 

14 000 

13 500 

18 000 

13 000 


1.20 

1.08 



17 000 

IS 500 

15 000 

21 500 

15 000 


1.27 

0.97 



13 500 

9 000 

7 500 

15 500 

9 500 


1.15 

1.03 



16 000 

10 500 

10 000 i 

15 500 

10 000 


0.97 

1.00 



19 500 

14 500 

14 000 * 

19 500 

14 500 


1.00 

1.00 



24 000 

16 000 

16 000 

22 500 

15 000 


0.94 

0.94 


0.020 

43 000 

25 500 

19 500 

37 000 

19 000 

15 500^ 

0.86 

0.80 

0.80 


35 000 

20 000 

19 500 I 








34 000 

20 500 

16 000 1 







0.064 

32 500 

19 000 : 

15 000 ! 

45 000 : 

22 500^ 


1.38 

1.18 



26 000 1 

13 500 1 

12 000 i 

34 000 1 

16 500 


1.31 

1.22 



3O.S0O i 

14 500 1 

14 500 








Extrusions 


M 

0.125 

14 000 

10 000 

10 000 







FS-1 

0.117 

17 000 

10 000 

ioooo 







T-i 

0.114 

19 000 

13 500 

13 500 







0-1 

0.117 

20 000 

12 500 

12 500 







0-lA 

0.116 

19 500 

13 000 

13 000 








Casting Alloys 


0,200 

15 000 

10 000 

10 000 







0.200 

21 000 

8 000 









" Type of notch used for 0.020-in, sheet is the edge notch S.C.F. = 1.6, see Fig. 2. Tjnpe of notch used for 0.064-in. 
sheet is the surface notch, see Fig. 2. 

° Stress calculated on basis of notched cross-section for both surface notches on 0.064-in, sheet and edge notches on 
0.020-in. sheet. ' 


alloy, an alloy of moderate strength, 
good weldability, and hot formability, 
had the lowest fatigue properties for 
both plain and notched bars. All of 
the other extrusion alloys, FS-1, J-1, 
0-1, 0-lHTA, and 24S-T (including 
ISS-T f-in. rolled rod), for similar speci- 
mens had about the same long-life 
fatigue strength, but for short-life appli- 


(notched-bar strength divided by the 
plain-bar strength). This factor thus 
provides a measure of the sensitivity 
to notches. Experimental errors con- 
tributed to an estimated accuracy of 
the notch factor of =t0.1. 

As a class, the aluminum casting 
alloys, with the exception of i22-T2 
which was inferior, had notch factors 
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from; 0.75 to LOO for S.C.F. = 2, while 
the notch factors for the magnesium 
casting alloys averaged from about 0.60 
to 0.80. At S.C.F. = 5, the aluminum 
casting alloys had higher notch factors 
than the magnesium casting alloys. 
At 300 F., the notch factors of the alu- 
minum casting alloys (S.C.F. = 2) for 
all life ranges were between 0.73 and 


for both aluminum- and magnesium- 
base alloys at long life and in the short- 
life range the notch factors were slightly 
higher, between 0.53 and 0.71. 

Plate Bending Tests: 

The flat specimens tested in plate 
bending (flexural) fatigue were milled 
as shown in Fig. 2. The milled edges 



Fig. 8 . — ^Fatigue Curves from Plate Bending Fatigue Tests on FS-lh and R 301 -T Sheet 

Specimens. 


0.95 and under the same conditions 
those of magnesium casting alloys were 
between 0.50 and 0.75. 

The notch sensitivity of wrought mag- 
nesium and aluminum alloys in general 
is greater than for the cast alloys, as is 
evidenced by the lower notch factor 
values. The notch factor values were 
between approximately 0.50 and 0.65 


were abraded with metallographic abra- 
sive paper to eliminate the machining 
marks. The flat surfaces of sheet and 
extrusions were untouched. 

The data reported for these tests are 
for completely reversed stressing, that 
is, with a mean stress of zero. Results 
on several alloys are presented in Table 
V, results for sheets of thin gage and of 
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a heavier gage being given for both mag- 
nesium and aluminum. Likewise, re- 
sults on a series of extruded magnesium 
flats and on cast panels of C-HTA and 
19S-T6 alloys which had machined 
and polished surfaces are also sum- 
marized. All of the data presented on 
sheet were obtained by stressing in a 
direction longitudinal to the rolling 
direction. The results of tests on plain 
and notched specimens stressed trans- 
versely to the roiling direction were 
practically identical to those presented. 
The possible experimental error was 
estimated to be about ±1000 psi. for 
this test. Typical curves are shown 
in Fig. 8. 

A tendency among the magnesium 
sheet alloys was noted for the annealed 


TABLE VI.-ROTATING-BEAM AND PLATE 
BENDING FATIGUE TEST RESULTS 
FOR THE SAME MATERIAL. 


Alloy 

Gage 

Test 

Plain Bar Properties 

105 

10? 

108 

J-lh 

0.500 

Rotating 

Beam 

25 000 

19 000 

19 000 

J-lh 

0.250 

Plate Bend 

19 000 

14 000 

14 000 


tempers to be slightly weaker than the 
hard tempers for both short and ex- 
tended life ranges. With the exception 
of Ma and Mh sheet, the long-life 
properties of plain and notched bars 
were about the same for J-1, FS-1, and 
JS-1 alloys, Ma and Mh being consider- 
ably weaker. In short-life properties 
they are only slightly inferior. The 
thick and thin gages of the strongest 
aluminum sheet alloys were about a 
third stronger at short life than the 
corresponding magnesium sheet alloys. 
At 10® cycles, the plain-bar fatigue 
properties of the best alloys were about 
the same. 

It may be noted that the plain-bar 
data for thin gage specimens were 
generally higher than those for the 
thicker gages, this being particularly 


noticeable in the short-life range. Since 
there is no correlatable variation in 
other properties or metallurgy of the 
test bar material, and since inertia 
effects had been carefully minimized 
for tests on specimens of both gages, 
this is believed to be a manifestation 
of a mechanical size effect on the testing. 

Tests to illustrate the effect of edge- 
notches were run on the thin gages only 
(S.C.F. = 1.6).^ Alloys FS-la, FS-lh, 
and 24S-T comprised a group least 
sensitive to such a notch at short life, 
FS-la, J-la and 24S-T being least 
sensitive for long-life considerations. 
M alloy sheet was quite sensitive to this 
type of notch. 

The decrease in dynamic strength 
due to surface notches simulating sur- 
face scratches was slight for the mag- 
nesium sheet alloys. Indeed, in several 
instances no decrease in strength based 
on the unnotched cross-section was ob- 
served as a result of the notching. 
Although the aluminum sheet aDoys 
were generally less sensitive to the sur- 
face notches than the magnesium sheet, 
the bending fatigue properties of neither 
aluminum nor magnesium sheet were 
affected greatly by surface scratches. 

In tests on extruded flats prepared 
for testing according to the same 
schedule used for the sheet specimens, 
results showed that these alloys have 
about the same properties as in the cor- 
responding annealed sheet condition, 
the effect of the increased section thick- 
ness being taken into account. 

In tests conducted on cast magnesium 
C-HT and aluminum 195-T6 alloy 
panels, the specimens were milled to the 
same contour as the 0.064-in. sheet 
specimens. The surfaces were then ma- 
chined smooth and polished to a specu- 
lar finish as on the rotating-beam speci- 
mens. The results (Table V) showed 
that at short life 195-T6 was about a 
third stronger than C-HT. At 10^ 
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cycles the fatigue strength of the C-HT 
was about 20 per cent higher than the 
aluminum. 

Since bending fatigue data as well as 
rotating-beani fatigue data are pre- 
sented for two casting and five extrusion 
alloys, it is possible to compare the ef- 
fects of the two different types of load- 
ing on the results. It will be observed 
that the 195-T6 aluminum alloy has 


results. Except , for the case of FS-1 
which is 9000 to 10,000 psi. lower in 
plate-bending than in rotating-beam 
fatigue tests, the higher strength ex- 
trusion alloys, J-1 and 0-1, .are about 
7000 psi. lower in plate bending, than 
in rotating-beam fatigue throughout the 
entire life range, irrespective of stress 
level Proof that these differences are, 
at least in part, not due to metallurgical 


TABLE vn.— AXIAL LOADING FATIGUE DATA FOR SHEET ALLOYS AT ROOM TEMPERATURE.® 


Alloy and 
: Temper ' 

Plain Bar Properties 
0.25^ 

Plain Bar Properties 

R » 0.50 

Notched Bar Properties 
Symmetrical 
Surface Notch 
! • i2*=0.25 

Notch Factors 
Symmetrical 
Surface Notch 

R = 0.25 


105 

106 

10? 

105 

10» 

107 

105 

106 

107 

105 

10® 

107 

Lla...... 

24 000 

20 000 

18 000 

31 000 

24 000 

19 000 

18 500 

17 000 

16 SOO 

0.77 

0.85 

0.92 

J-lh. 

24 000 

21 000 

21 COO 

34 000 

25 000 

23 000 

24 000 

21 000 

20 500 

1.00 

1.00 

0.98 

FS-U ! 

21 500 

21000 

21000 

28 000 

27 000 

26 000 

21 000 

18 000 

17 000 

0.93 

0.86 

0.81 

FS-lh 

24 000 

23 000 

23 000 

28 000 

26 000 

26 000 

23 500 

18 000 

17 500 

0.98 

0.78 

0.76 

Ma 

17 000 

14 500 

14S00 

27 000 

22 000 

22 000 

14 000 

13 500 

13 000 

0.82 

0.93 

0.90 

Mh 

27 000 

23 500 

23 000 

32 000 

27 000 

26 000 

22 500 

19 000 

17 500 

0.83 

0.81 

0.76 

JS-lh . . . . 

34 000 

29 000 

28 000 




31 000 

25 500 

24 000 

0.91 

0.88 

0.86 

clad .... 

SO 000 

31 000 

28 000 ; 

62 000 

48 000 

40 000 I 







R301-T clad 

55 000 

38 000 

35 000 

64 000 

SI 000 

42 000 ' 


j 





24S-T 

58 000 

40 000 

27 000 

62 000 

50 000 

41000 1 

45 000 

37 500 ^ 

34 000 

0.78 

0.94 

1.26 


t Sheet gage for all alloys is 0.064 in. 

® E *s Ratio of minimimi stress to maximum stress in each loading cycle. 


TABLE VIII.-AXIAL LOADING FATIGUE DATA FOR SHEET ALLOYS WITH SPECIAL NOTCHES 
AT ROOM TEMPERATURE.® 


Alloy and 
Temper 

Notched Bar Properties 
Center Hole Notch 

R =» 0.25 

Notch Factors 
Center Hole Notch 

R « 0.25 

Notched Bar Properties 
Eccentric Surface Notch 
R » 0.25 

Notch Factors 
Eccentric Surface 
Notch 

R « 0.25 


10® 

106 

107 

105 

106 

107 

10® 

10« 

107 

10® 

I 106 

i 

107 

J-lh.... 

FS-lh. 

20 500 
20 000 

18 000 
15 500 

17 SOO 
15 500 

0.85 
0.83 i 

0.86 

0.67 

0.83 

0.67 

20 000 

17 SOO 

17 sob 

0,83 

0.76 

0.76 

Mh 

24S-T..- 

20 000 
32 000 

15 500 
23 500 

13 000 
23 000 

0.74 ! 
0.55 

0.66 

0.57 

0.57 ' 
0.85 

46 000 

36 000 

34 000 

0.79 

0.88 

l.'fd 


® Sheet gage for all alloys is 0.064 in. 


very similar plate bending and rotating- 
beam fatigue properties. The 24S-T 
rotating-beam data are equal to the plate 
bending data for 0.020-in. gage 24S-T 
sheet, but are 4000 to 12,500 psi. higher 
than for 0.064-in. pge. The C-HT has 
plate-bending fatigue results that are 
SOOO to 6000 psi. lower than the rotat- 
ing-beam results. Similarly, the plate- 
bending fatigue results of the extruded 
alloys are lower than the rotating-beam 


differences between the flats and the 
rounds is given in Table VI. J-lh plate 
was tested under each of the two types 
of fatigue loading. The rotating-beam 
bars were cut from the Q.500-in. plate. 
The results show a 5000 to 6000 psi. 
difference throughout the life range. 

Axial Loading Fatigue Tests: 

Both sheet and rounds were tested in 
axial loading. The sheet specimens 


.i 
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were prepared according to the same 
procedure used for the plate bending 
specimens and the rounds were turned 
and polished similarly to the rotating- 
beam test bars (Fig. 3). Test data are 
given in Tables VII, VIII, IX, and X. 

Since axial-loading tests on sheet at 
a mean stress of zero would involve 


It should be noted that the typical 
fatigue curves for axial-loading tests 
on magnesium sheet, , Fig. 9, have 
steeper slopes in the low cycle range 
than do the curves for bending tests. 
They also flatten out into horizontal 
run-out regions at about 10® . cycles. 
Similar curves for aluminum sheet have 



Fig. 9. — Fatigue Curves from Axial Loading Fatigue Tests on FS-lh and 75S-T Clad Sheet 

Specimens. 


bending and, hence, nonaxial loading un- 
less speciaUy developed fixtures are used, 
the data presented are for tension 
stresses only. Two combinations of 
stress levels were used. These are ex- 
pressed by an value which denotes the 
ratio of the minimum to the maximum 
dynamic stress for any complete cycle 
of stressing: for sheet, R values of 
0.25 and 0.50 and for rounds, R values 
of 0 and 0.25: 


no knee or horizontal portion below 

10^ cycles. 

The estimated possible experimental 
error for these tests was ±2000 psi. 
For extended life, at either R values, 
the aluminum and the strongest mag- 
nesium sheet alloys, J-lh, FS-lh, FS- 
la, Mh, and JS-lh, approached equality 
in fatigue strength (see Table VII). 
At short life, however, the magnesium 
sheet alloys of highest strength were 50 
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to 60 per cent as strong in fatigue as 
24S-T sheet. In comparison to this 
difference it may be noted that aH 
magnesium sheet alloys ^ except Ma 
which was lower and JS4h which was 
higher, had about the same plain-bar 
fatigue properties in short life. Whether 
the specimens were longitudinal or 


Data on the sensitivities to a center 
hole notch of three ^^h^^ temper mag- 
nesium and 24S-T sheet alloys are given 
in Table VIII. (S.C.F, approximately 
2.6).® Again J-lh appeared less notch 
sensitive than FS-lh and Mh at long 
life, and aluminum was considerably 
affected at short life. 



Fig. lO.—Fatigue Curves from Axial Loading Fatigue Tests on H-HT and 355-T6 Cast Test 

Specimens. 


transverse with respect to the rolling 
direction had no significant effect. 

Data are given in Table VII on sur- 
face notched specimens run at an i? 
value of 0.25. At short life, 24S-T 
appeared appreciably less sensitive to 
the notch than the lea^t sensitive mag- 
nesium sheet alloys. The decrease in 
strength resulting from this notching 
was greater in the axial loading than 

in the bending tests. 


Specimens in FS-ih and 24S-T alloys 
were prepared with eccentric surface 
notches, that is, a notch scribed into 
one surface only of each specimen. At* 
short life both alloys were equally 
sensitive to this notch; at longer life 
24S-T was insensitive to this notch. 

Axial-fatigue tests were conducted on 
cast rounds of magnesium and cast H 
alloy in each of its commercial heat 
treatments and on aluminum 195-T6 
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aixd"355“T6 at R values of 0 and 0.25. 
The test results at room temperature, 
(Table IX and Fig. 10) bear about the 
same relation to each other as in the 
rotating-beam tests. 

The magnesium alloys were sensitive 
to notches in these tests to about the 
same degree as in the rotating-beam 
tests. Although 195-T6 alloy was less 
notch sensitive than magnesium at R 
= 0.2Sj in general the aluminum seemed 
to be slightly more notch sensitive in 
these tests than in the rotating-beam 
tests. 

Axial fatigue tests run at 275 F., 
Table IX, revealed the same relative 
results between magnesium and alumi- 
num alloys as in axial and rotating- 


TABLE X.-AXIAL LOADING FATIGUE TESTS ON 
RIVETED JOINTS. 


Alloy 

Rivet 

Disposition 

Sheet Stress, psi, 
(R « 0.25) 



105 

106 

107 

FS-lh 

6 in single row 

8 500 

5000 

4500 

FS-lh 

12 in double row 

9 000 

7000 

7000 

24S-T 

6 in single row 

13 500 

8000 

4500 

24S-T 

12 in double row 

15 000 

9500 

6000 


beam tests at room temperature. This 
comparison, however, was not as much 
in favor of aluminum in the axial loading 
tests as it is in the rotating-beam tests 
at 275 F. 

Axial fatigue tests at room tempera- 
ture on extruded rod specimens showed 
that the 24S-T maintained superiority 
in plain-bar and notched-bar strength 
over 0-lHTA throughout the life range 
tested. The notch sensitivities of the 
two alloys were comparable. 

As stated in the introduction, the 
fatigue properties of joints connecting 
wrought materials, rather than the 
fatigue properties of unnotched speci- 
mens, are more significant for indicating 
the serviceability characteristics of the 
metal. Accordingly, data from axial- 


loading tests on two simple types of 
riveted joints are presented in Table X. 
Single and double rivet row joints of 
24S-T and FS-lh were made according 
to recommended joint design practice 
wuth |f“in. rivet spacing in the 3.16 
by 12-in. specimens of 0.40-in. sheet with 
17S-T rivets ^ in. in diameter. 

It will be noted that the fatigue 
properties of the joints were, in some 
cases, less than 25 per cent of the 
strength of the sheet of which they were 
made. It will also be observed that the 
fatigue strength of the magnesium joints 
at long life was equal to or superior to 
that of the aluminum joints. For the 
short-life range, the aluminum joints 
were stronger and were 31 per cent of 
the monoblock strength. It is evident 
that prediction of this behavior could 
not be made from the data for the mono- 
block and the notched specimens. 

Discussion 

The service experiences of most com- 
plex metal parts are not readily amen- 
able to a simplified analytical segrega- 
tion of variables or to the assessment 
of these variables in terms of their 
relative importance. It is for this reason 
that test bar fatigue data, which repre- 
sent an attempt to evaluate the reaction 
of various metals to segregated variables, 
may be of little use for predicting ser- 
viceability unless very cautiousK-’' ap- 
praised. The value of the test bar 
data for evaluating alloys for service- 
ability thus seems to be proportional 
to the number and diversity of the 
various conditions under which the 
testing was performed. The most suc- 
cessful utilization of the test bar data 
presented for comparing alloys and de- 
termining serviceability characteristics 
has been to survey comprehensively 
the data in their entirety, that is, as 
affected by the mode of load application, 
degree and kind of stress concentration, 
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life range, temperature and mean stress 
level, and to arrive at general conclusions 
only.' When this practice is followed, 
such important variables as the mode 
of load application, the degree of stress 
concentration (the effects of both of 
which have been demonstrated in Table 
VI and in Fig. 6), and the effects of 
various surface finishes are lumped 
together and diluted, just as they are in 
service, to permit generalizations. Qual- 
itatively — that is, for alloy comparisons 
and for general design recommendations 
— this treatment of the data has been 
found to lead to conclusions that have 
been verified in recent service expe- 
rience. Quantitatively — that is, for 
specific design values — ^however, this 
and other uses of fatigue data from 
test bars have been found by experience 
to be of very limited value. Fatigue 
tests ran on actual parts during which 
experimental stress measurements have 
been made have given the most useful 
quantitative information for service ap- 
plication. 

In conformity with the above recom- 
mendations for the use of the test bar 
fatigue data for the light metals, general 
conclusions are forthcoming from the 
test bar data presented. First, however, 
a review of the test bar results is neces- 
sary. 

For cast alloys in room-temperature 
tests in the short-life range and under 
conditions of no stress concentration, 
it is apparent that the strongest alumi- 
num alloys have from 0 to 30 per cent 
greater dynamic strength than the 
strongest magnesium alloys. The exact 
comparison depends upon the type of 
dynamic loading test and the specific 
alloys selected for the comparison. At 
extended life, the comparison is reversed 
and magnesium is from 5 to more than 
50 per cent stronger than aluminum. 

At 275 F. under conditions of no 
stress concentration, aluminum is from 


0 to 30 per cent stronger at .short life. 
The strongest magnesium alloys are 
from 0 to 80 per cent stronger in fatigue 
at long life. The comparison appears 
dependent on either the type of test 
considered or the mean stress (static 
load or pre-stress which is superimposed 
on the dynamic load). The data for 
elevated temperature from the axial- 
loading tests, which are for higher mean 
stress than are the rotating-beam data, 
show the magnesium casting alloys to 
have greater superiority at long life 
over the aluminum tested than is evident 
in the rotating-beam data. 

Since most parts break at points of 
stress concentration, the notched-bar 
values are of particular significance. 
For short life at room temperature, the 
notched-bar strengths (S.C.F. = 2) of 
the strongest aluminum alloys are up 
to 30 per cent higher than are those of 
the strongest, notched, magnesium cast- 
ing alloys. For long life at room tem- 
perature, the notched-bar strength is 
about the same for both aluminum- 
and magnesium-base casting alloys when 
the mean stress is near zero, as it is in 
rotating-beam tests. The magnesium- 
base casting alloys, however, are con- 
siderably stronger than aluminum at 
long life in dynamic notch strength in 
the axial loading tests. For notches of 
S.C.F. greater than 2, cast aluminum 
appears much superior to cast magne- 
sium. 

At 275 F., the aluminum alloys are 
from 25 to 40 per cent higher in notched- 
bar strength at short life and from 0 to 
about 40 per cent higher at long life. 
Here again, the data from the axial 
loading tests define the lower limits of 
this comparison, while the rotating- 
beam data give the upper limits or show 
the greatest superiority of aluminum. 

The general conclusions regarding 
serviceability to be derived from the 
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above observations on test bars are 
as ; follows: ' 

Because of the high notch sensitivity 
of the magnesium-base casting alloys 
to severe stress concentrations, regions 
of excessively high stress concentration 
should be avoided in magnesium cast- 
ings. Stress concentrations that in- 
volve an S.C.F. greater than 2, however, 
do not often exist in castings. When 
a severe stress concentration does exist, 
such as around bolt holes and threads, 
the nominal stress in the region should 
be maintained low so as to render the 
stress concentration relatively unim- 
portant. For elevated temperature ap- 
plications, the avoidance of serious 
stress raisers is of particular importance. 
These facts have been recognized by the 
designers and users of magnesium cast- 
ings and have been dealt with success- 
fully by observing recommended design 
practices. These recommendations per- 
tain to such subjects as the use of gen- 
erous fillets and bosses and also of 
gradual contour changes, as well as 
care in threading and terminating stud 
holes. Surface finishes reasonably free 
from local irregularities are also ' to be 
recommended for extended life. 

It may be concluded, finally, from the 
data from cast test bars that, if stress 
concentrations are kept at a reasonable 
minimum, in cases where the full 33 
per cent weight saving of cast magnesium 
over cast aluminum cannot be realized 
on an equal strength basis, at least an 
appreciable weight saving can be gained. 

A- review of the fatigue data presented 
for the wrought metal alloys shows that, 
in general, equally as great sensitivity 
to notches in fatigue is manifest in the 
wrought state for both aluminum and 
magnesium. This high notch sensitivity 
of these wrought metal alloys in com- 
parison to the cast alloys is counter- 
acted in part, however, by the higher, 
absolute, test bar fatigue properties of 
the wrought metal. These two charac- 


teristics compensate each other in the 
rotating-beam tests : tO' the extent that 
in most cases the notched bar strengths 
for the wrought metals at an S.C.F. = 
2 are approximately equal to the 
notched-bar strengths of the cast alloys 
for the same stress concentration. In 
the axial loading fatigue tests, the 
wrought alloys appear considerably 
stronger than the cast alloys. 

Irrespective of the type of dynamic 
loading test, wrought aluminum has 
greatest test bar strength superiority at 
the short-life end of the fatigue curves. 
This is most clearly evident in the axial 
loading tests where the aluminum un- 
notched sheet specimens are about 60 
per cent stronger than the strongest 
magnesium sheet at 10^ cycles. At 
extended life, however, the wrought 
magnesium and aluminum alloys have 
dynamic test bar properties that ap- 
proach equality. That this appears to 
be the case also for fabricated assemblies 
containing wrought alloys is demon- 
strated in the fatigue data obtained for 
joints of standard design. 

Conclusions 

1. In general, the fatigue curves of 
aluminum are steeper than are those 
of magnesium and also do not show to 
the same degree the tendency to flatten 
out in the lower stress ranges as do the 
curves for magnesium alloys. 

2. In consequence of the preceding 
conclusion, accelerated tests at high 
overloads may favor the cast and 
wrought aluminum alloys over the 
equivalent magnesium alloys. For this 
reason the results of accelerated tests 
comparing magnesium and aluminum 
alloys must be considered with caution. 

3. At lower stresses, cast magnesium 
alloys have notched bar strengths that 
are comparable, to those of cast alumi- 
num alloys and unnotched bar strengths 
that are superior. 

4. At the lower stresses, the wrought 
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.magnesium and wrought aluminum al- 
loys have comparable notched and plain 
bar strengths, except for rounds in the 
axial loading tests, which showed higher 
plain and notched bar strengths for 
wrought aluminum. 

5. Except for cases of extreme stress 
concentrations at notches, wrought mag- 
nesium and aluminum alloys have com- 
parable notch sensitivities in fatigue 
loading. For severe stress concentra- 
tions (above S.C.F. of 2) wrought 
aluminum is less notch sensitive than 
wrought magnesium. 

6. At moderate stress concentrations 
cast magnesium alloys tend to be slightly 
more notch sensitive than cast alumi- 
num alloys. Under severe concentra- 
tions of stress (S.C.F. greater than 2), 
cast aluminum is markedly less notch 
sensitive. 

7. The fatigue properties of the com- 
mon commercial magnesium alloys ap- 


pear somewhat more sensitive to in- 
creases in temperature than are those of 
the aluminum aUoys. This effect was 
least evident in the axial loading tests. 

8. Experience shows that quantitative 
use for design purposes of the test bar 
values cannot be made. However, it is 
evident from the data that efforts should 
be made to minimize stress concentra- 
tions in the design of any parts, par- 
ticularly magnesium alloy parts. If 
this is done, test bar data indicate that, 
in particular cases where the full 33 
per cent weight advantage of magnesium 
over aluminum alloys cannot be realized 
on the basis of equality of fatigue proper- 
ties, at least an appreciable weight 
saving is possible with equivalent service- 
abilities. In genera], the cases where 
the full weight advantage of magnesium 
is unattainable are where high stress 
concentrations, short-life applications, 
or elevated temperatures are involved. 



DISCUSSION 


CiEiAiRMAN H. F. Moore.^ — Were those 
theoretical stresses or actual? 

Mr. George H. Found {author ). — 
The former, theoretical 

I should like to remark, with regard 
to a criticism made of the paper by 
Messrs. Jackson and Grover, ^ that I be- 
lieve aircraft designers — at least those 
who are beginning to manufacture com- 
mercial planes, rather than war planes — 
are very definitely interested in long- 
life properties, as well as short-life prop- 
erties. 

Mr. Leo Schariro.®— The author’s 
^-iV" diagram in Fig. 5 shows a flattening 
at about ten million cycles, and he makes 
the statement that the flattening is 
characteristic. Judging by the mark- 
ings *‘HT,” I presume the materials 
were heat treated. The paper by 
Messrs. Jackson and Grover,^ dealing 
with magnesium alloys in sheet form, 
showed no flattening of either the heat- 
treated or nonheat-treated materials. 
Does the flattening characterize mag- 
nesium alloys in general, or just mag- 
nesium castings? 

Mr. Found. — ^The correct statement 
would be that the fatigue curves of 
magnesium alloys show a tendency to 
flatten out. There are cases where they 
do not. There does not appear to be any 
correlation between this tendency and 
the heat treatment. The flattening of 
the curves for magnesium is not 
limited to castings only. There was 
one case shown where the sheet aUoy 
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flattened out. (Note curve for FS-lh 
in Fig. 12.) 

Mr. John M. Lessells.^ — I should 
like to direct to the author the same 
question asked Mr. Jackson regarding 
the path of the fatigue crack in mag- 
nesium alloys — is it intercrystalline or 
transcrystalline? 

It would be helpful also to have some 
further data as to how the stress con- 
centration and strength-reduction fac- 
tors were determined. Is it true that 
magnesium alloys appear to have greater 
strength-reduction factors than do alumi- 
num alloys? 

Mr. Schapiro. — ^You were first ask- 
ing about the transcrystalline or inter- 
crystalline crack path with regard to 
stress-corrosion cracking. You are now 
asking with regard to fatigue cracking. 
Please let us not mix the two together. 
The stress-corrosion failures which we 
have examined have always been inter- 
granular. 

With regard to aircraft structures, 
I believe I am safe in speaking for the 
aircraft manufacturers in saying that we 
are interested in cycles of life less than 
one million, and even less than one 
hundred thousand. 

Mr. ' Richard L. Templin.^— Prac- 
tically all fatigure failures in aluminum 
structures are transgranular or trans- 
crystalline and practically all failures 
in stress corrosion under conditions of 
static stress are intercrystalline. Under 


* Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 

s Assistant Director of Research and Chief Engineer 
of Tests, Aluminum Research Labs., Aluminum Company 
of America, New Kensington, Pa. 
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combined conditions of fatigue and 
stress corrosion, whether the failure is 
transcrystalline, or. interciystalline de- 
pends on the . predominant factor, that 
is, fatigue or corrosion. Either may be 
governing under some conditions, yet 
in others there might exist a combination 
of the two factors wherein failure could 
start primarily from corrosion, as an 
intergranular fracture and subsequently, 
as the fatigue stresses become pre- 
dominant, the fracture might change to 
a transcrystalline type. The important 
point ps to avoid failure by either cor- 
rosion or fatigue as well as a combination 
of the two. 

Mr. Found. — Fatigue failures in mag- 
nesium at room temperature are always 
transcrystalline, as they are for alumi- 
num. At elevated temperatures, in 
the vicinity of 300 F. and above, the 
failures tend to be intercrystalline. 
Stress-corrosion failures induced in mag- 
nesium under simulated atmospheric 
conditions also are always transcrystal- 
line, which, m this case, is unlike 
aluminum. Static failures in mag- 
nesium are observed to be either trans- 
or intercrystalline, depending upon the 
structure of the magnesium as affected 
by heat treatment. The exact nature 
of any failure, that is, whether it is 
predominantly of a static, fatigue or 
stress-corrosion type, can be accurately 
deduced from the characteristics of the 
branch cracks emanating from the mam 
failure. This subject is described in 
greater detail in a recent publication.® 

With regard to determining the stress- 
concentration factors, we have done no 
theoretical work. We have used the 
literature and adopted test bar designs 
prescribed by those who have theo- 
retically calculated and also experi- 
mentally determined the stress-concen- 
tration factors. 

® P. F. George, “Fracture Characteristics of Magnesium 
Castings,” Aluminum and Magnesium^ Vol. 1, No. 9, June, 
194S,p.,14.'' 


■ Chairman Moore.-— -Did you follow 

the Neuber analysis? 

Mr. Found.— Yes, we have used that. 

Mr. Wayne Lewis.^— I t is possible 
that too much emphasis is being placed 
on the endurance limit as the criterion 
of the suitability of a material or con- 
struction for aircraft. Possibly com- 
mercial aircraft manufacturers are not 
interested in the early portion of 5-iV 
curves, but the military air forces are. 

It is reasonable to assume that dif- 
ferent parts of an airplane will be sub- 
jected to a different number of repeti- 
tions of design stress during the normal 
or expected life of the airplane. For 
example: the wing structure will be 
loaded to the design stress a certain 
number of times during its life, while 
the landing gear may be loaded to de- 
sign stress a greatern umber of times 
than the wing structure. The propellers 
would be loaded so many times to maxi- 
mum that it would be necessary to keep 
the maximum actual stress below the 
endurance limit. To design an entire 
airplane on the basis of endurance limit 
would produce an unbalanced design 
and impose a weight penalty on the 
parts stressed to maximum the fewest 
number of times. 

Mr. Found {authors closure ). — I 
should like to bring up this short and 
long-life problem of evaluation again. 
Neither should be emphasized at the 
expense of the other, and I do not be- 
lieve I did that. 

The long-life portion of the S-N curves 
is important. In a propeller, for in- 
stance, whether designed in magnesium 
or aluminum, it does not take long for 
many millions of cycles of alternating 
stress to be applied. This argument 
applies for other parts in the plane as 
well, particularly in the power plant. 

Now let us consider the short life 
portion of the S-N curves. The number 


7 Engineer, Forest Products Laboratory, Madison, Wis . 



740 ^ Discussion on Notch Sensitivity of Magnesium anb. Aluminum 


, of cycles of alternating stress applied 
to many types of landing wheels is 
often only several million during their 
intended life. In these cases, it would 
be inefficient to carry extra weight in a 
design intended for longer life. On 
the other hand, certain landing wheels 
are used for many millions of cycles of 
alternating stress in which cases the 
operating firms may prefer to design 
for long life and pay for carrying the 


extra weight rather than to design for 
short life and change wheels periodically. 

It is hoped that this discussion will 
point out that there are too many con- 
siderations in aircraft and other appli- 
cations which may render critical either 
static loads or long life or short life 
alternating loads to justify a general 
evaluation of materials on the basis of 
only one of these factors alone. 


THE FATIGUE PROPERTIES OF BERYLLIUM-COPPER STRIP AND 
THEIR RELATION TO OTHER PHYSICAL PROPERTIES* 

By G. R. Gohn^ and S. M. Arnold^ 


Synopsis 

This paper describes the results of a series of fatigue tests made on several 
lots of beryllium-copper strip, ranging in thickness from 0,020 to 0.040 in. 
Specimens of several tempers were tested unaged and after a variety of pre- 
cipitation-hardening treatments. 

A marked improvement in fatigue strength of corresponding tempers tested 
in 1945 over those tested in 1936 was observed. Alloys containing as little as 
1.80 per cent beryllium hardened satisfactorily and had essentially the same 
fatigue properties as those containing higher percentages of beryllium. In- 
creasing the nickel content to 2 per cent did not impair the tensile or fatigue 
properties, provided the beryllium content was maintained at the maximum 
permitted by the specifications. 

Material in the ^*as received’’ condition had essentially the same fatigue 
characteristics for a given temper, regardless of source or alloy composition. 
The same correlation was found to be true for the heat-treated material. 

While overaging had little or no adverse effect on the fatigue properties, 
underaging, in most cases was deleterious. Both overaging and underaging 
had a marked effect on the other physical properties. 

While buffing failed to improve the fatigue strength of heat-treated speci- 
mens, pickling, polishing, and short-time heat-treatments in salt and oil baths 
resulted in some improvement. The best fatigue results were obtained with 
specimens heat-treated and subsequently polished. High temperature, short- 
time heat-treatments developed better fatigue properties than did the more 
conventional heat-treatments without subsequent surface treatment. 


In communication equipment it is 
necessary to use many switches, relays, 
jacks, and other pieces of electrical 
apparatus containing small, flat springs. 
One of the problems confronting the 
designer of this apparatus is the choice 
of a material suitable for the manufac- 
ture of such springs. The springs are 
generally blanked from thin metal sheet 
or strip and are frequently formed into 
rather intricate shapes in punch press or 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Members of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y. 


similar manufacturing operations. These 
parts often carry small electrical currents 
at relatively low voltages, contact being 
made either directly between two base 
metal springs or through precious metal 
contacts welded to them. The materials 
used, therefore, not only must combine 
high elastic and fatigue properties with 
good electrical conductivity and weld- 
ability, but also must be sufficiently 
ductile to permit forming without diffi- 
culty. Generally, the material must be 
nonmagnetic, corrosion-resistant and, in 
some cases, resistant to creep or drift 
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under continuously applied loads, either 
at room or elevated temperatures. Low 
raw material and fabrication costs are 
also factors in the choice, since millions 
of these springs are used annually. 

High-carbon steels are frequently 
unsuitable for use as springs in communi- 
cation apparatus because they are mag- 
netic and lack adequate corrosion re- 
sistance. In general, the three materials 
most widely used for these applications 
are the 5 and 8 per cent tin bronzes 
(commonly known as phosphor bronzes) 
and the 18 per cent nickel silver alloy. 
However, since the best combination of 
spring properties is obtained in these 
alloys only by cold-rolling, the forming 
characteristics are not too good in the 
tempers in which they are used. There- 
fore, a corrosion-resisting copper-base 
alloy which could be formed in the soft 
or annealed condition, and heat-treated 
after forming to obtain the desired spring 
characteristics, has long been sought. 
The comparatively recent development 
of the beryllium-copper alloys has made 
available a commercial alloy meeting 
many of the requirements prescribed. 

Review oe Previous Work 

*No systematic study of beryllium or 
its aEoys appears to have been made 
until 1916 when Oesterheld (1)^ studied 
the structure of the beryllium-copper 
alloys and presented an equEibrium 
diagram which indicated that a pre- 
cipitation-hardening alloy might be ob- 
tained by adding a smaU amount of 
beryllium to copper. In 1927, Illig (2) 
reported that beryllium-copper brush 
springs and contact elements used on 
electric locomotives had fatigue charac- 
teristics superior to those of phosphor 
bronze springs. No data on the fatigue 
strength of the beryllium-copper aUoys 
are given in the literature untE 1937, 
when Gough and Sopwith (3) reported 

2 The boldface Bumbers in parentheses refer to the list 
of references appended to this paper, see p, 775. 


that the fatigue strength of some lightly 
cold-worked and aged rod was 35,800 
psi. at 55 million cycles. In the same 
year, Greenall and Gohn (4). reported 
that dispersion-hardened alloys of the 
beryllium-copper type were comparable 
in their minimum fatigue characteristics 
to cold-rolled, alloy C phosphor bronze 
(8 per cent tin) strip. Endurance limits 
at 10® cycles of reversed stress were 
found to vary from 23,000 to 36,000 psi, 
for the various lots of beryllium-copper 
strip studied. 

In 1941, Anderson , and Smith (5), 
working with highly polished rod speci- 
mens, found that the inherent fatigue 
strength of the beryllium-copper alloys 
which they studied varied from 47,000 
to 61,500 psi. at 3 X 10® cycles of re- 
versed stress. To the best of our knowl- 
edge, no other test data on the fatigue 
strength of beryllium-copper alloys are 
available. 

Testing Program 

To provide suitable data for the design 
of small flat springs, the Bell Telephone 
Laboratories, since 1927, have studied 
the fatigue characteristics of promising 
spring materials and attempted to corre- 
late the fatigue strength with other 
physical properties. The studies in- 
cluded four separate investigations of the 
fatigue properties of beryllium-copper 
strip. These were: 

1. The studies, previously reported by 
Greenall and Gohn (4), made on binary 
and nickel-bearing ternary alloys aged 
at 525 F. for 1 and 2 hr. 

2. Studies made in 1941 to evaluate 
the fatigue characteristics of a 1.85 per 
cent beryllium alloy as compared to the 
standard 2.00 per cent alloy. These 
tests were undertaken at the time 
A.S.T.M. Committee B-5 on Copper and 
Copper Alloys was considering a reduc- 
tion in the minimum beryllium content 
from 1,90 to 1.85 per ■ cent. The tests 
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were made on two commercial lots of the 
cobalt-bearing ternary alloy aged in a 
salt bath for 2 hr, at 600 F. as recom- 
mended by the supplier. 

3. Studies made in 1942 to determine 
the effect of higher nickel contents (1 to 
2 per cent) on the fatigue characteristics 
and the tensile properties. The tests 
were made on the standard binary alloy 
and on four experimental ternary alloys 
using specimens aged in a salt bath for 
1 hr. at 600 F. as recommended by the 
supplier. 

4. Studies made in 1945 to determine 
the fatigue characteristics of the stand- 
ard commercial alloys as supplied by 
three of the principal producers. 

These materials were purchased in 
three tempers: conditions A, and 
H, in the spring of 1944 on the open 
market in accordance with the require- 
ments of Tentative Specifications for Ber- 
yllium-Copper Alloy Rods, Bars, Sheet, 
Strip, and Wire (B 120-41 T).^ Tests 
were made on samples ‘^as received,” after 
precipitation-hardening at 600 F. in ac- 
cordance with the acceptance test spec- 
ified in Tentative Specifications B for 
Beryllium-Copper Alloy Strip (194 -45 
T),^ and after various other precipita- 
tion-hardening treatments. The effects 
of pickling, buffing, and polishing were 
also studied. Three check lots of the 
ternary nickel-bearing alloys were in- 
cluded to verify previous test results. 

Testing Procedure and Test Data 

The chemical analyses of the various , 
aEoys, as determined in accordance with 
approved methods of wet analysis for 
copper-base aEoys are given in Table I. 
In this table, all material from_the same 
source is identified by a letter and a single 
digit foEowed by two numbers which 
indicate the year in which the material 
was tested. 

The tensile strength of the material 


«1942 Book of A.S.T.M. Standards, Part I, p. 1259. 
^uperseded by Specifications B 194, B 195, B 196, and 

*1M5 Supplement to Book of A,S.T.M, Standards, 
Partl,p.240. 


was determined in accordance with the 
Standard Methods of Tension Testing 
of Metallic Materials (E 8 - 42),^ using 
cross-mEled specimens similar to those 
shown in Fig. 2 of that method. The 
proportional limit, yield strength at 
0.01 per cent offset, elastic modulus, 
and per cent elongation in 2^ in. were 
determined on these same specimens. 
The tension tests w^ere made on a 
20,000-lb. Amsler universal testing ma- 
chine. This machine was accurate to 
rb 1 per cent at any load. The scale used 
was such that fracture of the test speci- 
mens occurred at one half to three 
quarters of the full scale reading. For 
the determination of the elastic proper- 
ties of materials studied prior to 1944, a 
Riehle-Sayre extensometer reading to 
0.00002 in. was used in connection with 
a drum recorder. For some of the tests 
made after 1944, a Templin extensom- 
eter reading to 0.00002 in. w^as used 
with a Baldwin-Southwark automatic 
recorder. The percentage elongation 
was determined with dividers to the 
nearest 0.5 per cent. In general, five 
tension test specimens were used. 

The results of the various physical 
tests, including Rockwell hardness data 
are given in Table II. The Roman 
numerals, used as part of the designa- 
tion, refer to the various heat treatments 
fisted in the fourth column of this table 
and in the bar-graph summary, Fig, 22. 

The Rockwell hardness tests were 
made in accordance with the Standard 
Methods of Test for RockweE Hardness 
and RockweE Superficial Hardness of 
MetaEic Materials (E 18-42)® on the 
ends of the tension test specimens. The 
hardness-time curves shown in Fig. 1 
were determined from observations made 
on 1-in. square specimens, precipitation- 
hardened in a muffle furnace in an atmos- 
phere of purified nitrogen. Since these 
specimens were not heat-treated at the 


^ 1944 Book of A.S.T.M. Standards, Fart I, p. 962 . 
61944 Book of A.S,TJiI. Standards, Fart I, p. 979. 
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Fio. 2. — Sheet Metal Fatigue Machines. 


ai80" DRILL 
2 HOLES 


PIECE MUST BE FREE 
FROM SCRIBER AND 
TOOL MARKS 


THICKNESS 
OF STOCK 
TESTED 


— NOTE — 

THE 2 I.N RADIUS FILLETS MUST JOIN THE 
TAPERED PORTION WITHOUT AN ABRUPT BREAK 
THE INTERSECTION OF THE TAPERED SIDES EX- 
TENDED MUST BEVs-'N from the END 

Fig. 3. — Fatigue Test Specimen. 


RATIO ^ s 9.287 


same time as the tension specimens, 
there may be slight differences between 
the hardness values shown in Fig. 1 and 
those shown in Table II for similar 
heat-treatment of a given material. 

The fatigue strengths'^ of the various 
materials were determined on the multi- 


specimen constant strain, flexure type 
fatigue machines shown in Fig. 2. 
These machines were developed by the 
Bell Telephone Laboratories and have 


7 For brevity, throughout this paper, the term ‘“fatigue 
strength” is used hereafter rather than me full designation 
“fatigue strength at i0« cycles of reversed stress.” 
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been described by Townsend and Green- 
all (6). The details of test, subsequently 
described by Greenall and Gohn (4) 
were, followed in these studies using 
cross-milled specimens having the dimen- 
sions shown in Fig, 3. Precipitation- 
hardened specimens were heat-treated 
after cross-milling. All of the tests were 
made at a speed of 750 to 900 rpm. at a 
temperature of 80 to 85 F. During test, 
the f-in. tapered section (Fig. 3) is sub- 
jected to a uniform bending stress when 
the free end of the specimen is deflected 
by the reciprocating arm of the testing 
machine. The deflections were checked 
periodically by dynamic methods to in- 
sure that no change in stress had oc- 
curred. Maximum bending stresses were 
computed as described in the previous 
paper (4). In general, five specimens 
were tested at each deflection, and the 
results obtained are precise to at least 
±3 per cent. 

The fatigue strengths and the ratios 
between fatigue and tensile strength are 
given in Table II for the various lots of 
beryllium-copper strip. The S-N dia- 
grams, from which the endurance limits 
may be derived, are shown in Figs. 4 to 
16, inclusive. 

The metallographic studies were made 
at magnifications of 500 on polished and 
etched sections taken from the fatigue 
specimens. These sections were normal 
to the surface and parallel to the direc- 
tion of rolling; they were prepared as 
described in the Tentative Methods of 
Preparation of Metallographic Speci- 
mens (E 3 ~ 44 T)® and etched with 
the solutions indicated on the photo- 
micrographs, Figs. 17 to 20. 

Discussion of Data 
1936 Investigation: 

GreenaU and Gohn (4) made no de- 
tailed analysis of the effect of age harden- 


ing or cold working on the fatigue 
strength of the beryllium-copper alloys. 
However, a further study of their data 
for the experimental alloys shows very 
little^ difference in the fatigue strength of 
condition AT, |HT or HT material In 
the case of one of the commercial alloys, 
an increase in fatigue strength of 15 to 
'30 per cent was obtained by heat-treat- 
ing condition material for 1 or 2 hr. 
at 525 F. Condition H material, so 
heat-treated, showed a gain of over 30 
per cent in fatigue strength. However, 
the maximum fatigue strength obtained 
was only 36,000 psi. While the tensile 
properties resulting from this heat treat- 
ment met the requirements now pre- 
scribed in Tentative Specifications 
B 194 - 45 T,^ in the light of our present 
knowledge these specimens were un- 
doubtedly underaged. 

1941 Investigation: 

In the studies made in 1941, the spec- 
ified tensile and Rockwell hardness 
requirements were met by both the nom- 
inal 2.00 and the 1.85 per cent beryl- 
lium-cobalt alloys, after heat treatment 
in a salt bath at 600 F. As would be 
expected, the alloy of lower beryllium 
content did not reach as high a tensile 
strength or Rockwell hardness level as 
did the alloy of higher beryllium content, 
although the elongation was slightly bet- 
ter. However, despite the differences in 
tensile strength and elongation, there 
was no significant difference in the fatigue 
strength of the corresponding tempers of 
the two alloys (Fig. 4). While the tem- 
perature at which these materials were 
heat-treated reflects present commercial 
practices, the time (3 hr. for condition A 
and 2 hr. for conditions |H and H ma- 
terial) was double that ushaUy employed 
for salt-bath treatments, 

1942 Investigation: 

The 1942 investigation was primarily 
concerned with experimental alloys in 


81944 Book of A.S.T.M. Standards; Part I, p. 1884. 
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Fig. 4.-— Fatigue Characteristics of Beryllium-Copper Strip. 
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NUMBER OF CYCLES TO FAILURE 

Fig. S.—Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig. 6.-— Fatigue Characteristics of Beryllium-Copper Strip. 
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NUMBER OF CYCLES TO FAILURE 

Fig. 7. — ^Fatigue Characteristics of Beryllium-Copper Strip. 



Fig, 8. — ^Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig. 9. — ^Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig. 10. — Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig. 11. — Fatigue Characteristics of Beryllium-Copper Strip. 
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NUMBER OF CYCLES TO FAILURE 

Fig, 12.~”Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig. 13.-™Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig. 14 .-~-Fatigue Characteristics of Beryllium-Copper Strip. 
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Fig» 15. — Fatigue Characteristics of Beryllium-Copper Strip. 
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which the .nickel content was i.iicreased to 
values above the 0.50 per cent maximum 
permitted in Tentative Specifications 
B 120 -41 T.^ The studies included al- 
loys in which 1 and 2 per cent of nickel 


properties of these . a.lloys, along with 
those of a similarly treated binary con- 
trol alloy containing 2.25 per cent beryl- 
lium, are given in Tab,le. II under the 
subheading 1942 Investigation. 



Fig. 16.— Fatigue Characteristics of Beryllium-Copper Strip. 


were added to the 2.00 and 2.20 per cent 
binary beryllium-copper alloys. The al- 
loys were tested only in the |HT con- 
dition after heat treatment in a salt 
bath for 1 hr, at 600 F. The physical 


Interesting data were obtained which 
reflect the combined effect of nickel and 
beryllium additions to copper. \¥hereas 
the tensile strength of the heat-treated 
1 and 2 per cent nickel-bearing alloys 
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was less than that of the binary alloy, 
the proportional limit and yield strength 
values were greater. In fact, the yield 
strength values of the nickel-bearing 2.20 
per cent beryllium alloys were among the 
highest of any of the alloys studied by 
the authors. The decrease in tensile 
strength of the precipitation-hardened 
alloys with increased nickel content is 
consistent with the generally accepted 
belief that, through the formation of a 
nickel-beryllium compound, additions of 
nickel in large quantities deplete the 
beryllium available for hardening. 

No relationship was found between 
fatigue strength and the variation in 
nickel and beryllium contents. 

It may also be noted from the S-N 
diagrams in Fig. 5 that there was con- 
siderable spread between the average 
and the minimum fatigue values for the 
alloys studied in the 1942 investigation. 
This has been found to be typical of ex- 
perimental alloys and may be due to 
lack of homogeneity of material manu- 
factured in small-scale lots. In this con- 
nection it is of interest to note that a 
more consistent grouping of test data 
was obtained for the control alloy and for 
the commercial alloys reported in the 
1945 investigation. 

1945 Investigation: 

The 1945 investigation was concerned 
primarily with nine commercial ternary 
alloys, containing either nickel or cobalt 
as the additive element. The materials 
were purchased in accordance with the 
requirements of Tentative Specifications 
B120~41T.^ Later, three additional 
alloys were obtained to check the fatigue 
characteristics of material obtained from 
one source. Of particular interest were 
the physical properties of the materials 
“as received’’ and those developed fol- 
lowing the heat treatment specified in 
: the acceptance test in Tentative Speci- 
. fications B 194 ~ 45 T.^ 


Chemical Composition: 

Chemical analyses of the twelve alloys 
included in this investigation are given 
in Table I. It should be noted that for 
material from different suppliers there 
was a considerable range both in beryl- 
lium content (approximately L80 to 2.20 
per cent) and also in the nickel and the 
cobalt additions. It should likewise be 
noted that not all of the compositions 
are within the limits specified for beryl- 
lium in Tentative Specifications B 120 - 
41 T,^ or for nickel plus cobalt plus iron 
specified in the new Tentative Specifica- 
tions B 194.~45T.^ Despite these dif- 
ferences, all of the alloys could be 
hardened to the specified tensile require- 
ments. 

Microsimcture and Hardening Charac- 
teristics: 

As may be seen from the photomicro- 
graphs, Figs. 17 to 20, all the alloys had 
a relatively small grain size, the average 
grain being less than 0.040 mm. The 
material from supplier C had a grain size 
approximately twice that of material 
from suppliers A and E, and probably 
this is associated with the smaller amount 
of additive element present. 

It was noted that the materials with 
the highest beryllium content — those ob- 
tained from supplier A — had a consider- 
able quantity of uniformly distributed 
beta constituent present. This beta 
was nearly or completely absent in the 
materials of lower beryllium content re- 
ceived from suppliers C and E. While 
there has been considerable discussion 
regarding the harmful effect of the pres- 
ence of such beta constituent, in these 
studies no deleterious effect on fatigue 
strength was noticed. However, in ex- 
tremely thin stock, the presence of the 
beta constituent may affect the proces- 
sing and the forming characteristics. 

One alloy (C3-45 of Fig. 17) did show, 
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Condition A 


Designation A4~45 


Condition AT 


Condition A 


Designation C3-45 


Condition AT 




Condition A Designation E2-45 Condition AT 

Fig. 17. — Structure of Beryllium-Copper Strip (X 500) 

Etchant: 

Condition A— Ammonium hydroxide and hydrogen peroxide. 

Condition AT — Ammonium persulfate and ammonium hydroxide. 
Precipitation-hardening treatment: 3 hr. at 600 F. in purified nitrogen. 
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Condition |H 


Designation A5-45 


Condition IHT 


Condition 


Designation C4-45 


Condition f HT 


Condition |H 


Designation E3-45 


Condition JHT 


Fig. 18. — Structure of Beryllium-Copper Strip (X 500). 

Etchant 

Condition — .Anmonium hydroxide and hydrogen peroxide. 

Condition |HT — Anunoninm persulfate and ammonium hydroxide. 
Precipitation-hardening treatment: 2 hr. at 600 F. in purified nitrogen. 
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Condition H 


Designation C5-45 


Condition H Designation E4-45 Condition HT 

Fig. 19. — Structure of Beryllium-Copper Strip (X 500). 

Etchant: 

Condition H — Ammonium hydroxide and hydrogen peroxide. 

Condition HT— Ammonium persulfate and ammonium hydroxide. 
Precipitation-hardening treatment: 2 hr. at 600 F. in purified nitrogen. 


Condition H 


Designation A6-45 


Condition HT 


Condition HT 
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Designation AS-45 Condition ^HT Designation C4-45 

Fig. 20. — Structure of Beryllium -Copper Strip (X 500). 

Etchant: 

Ammonium persulfate and hydrogen peroxide. 

Precipitation-hardening treatment: 

A5-45 — 45 min. at 525 F. in oil. 

C4-45 — 2 hr. at 575 F. in purified nitrogen. 


Although not shown in the photomi- 
crographs included in this paper, a study 
was made of the various alloys to deter- 
mine whether there was any difference 
in structure between specimens which, 
at the same stress, failed in fatigue after 
a maximum number of stress reversals 
and those which failed after a minimum 
number. These studies were made at 
two stresses, one high the other low, for 
each of the original nine alloys after 
heat treatment. Except in one case, no 
differences were noticed- The one ex- 
ception showed some indication of segre- 
gation, but this could not be correlated 
with premature fatigue failure. 


both with respect to time and tempera- 
ture. In some cases it was difficult to 
meet the specified minimum hardness 
requirements. 

The relationship between the hardness 
values as determined on various scales 
is shown in Fig. 21. It can be seen that, 
with the exception of the G scale, the 
values actually obtained did not coin- 
cide with the conversion values suggested 
in Tentative Specifications B 194 ~ 45 T^ 
or with those on the Wilson Mechanical 
Instrument Chart 38. As beryllium- 
copper is being specified more and more 
for spring applications, a need is indicated 
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for; additional studies on the hardness 
conversion values. 

Since alloys from supplier C were found 
to develop maximum hardness as well as 
a more normal microstructure when heat- 
treated at temperatures below the 600 F. 
specified in the acceptance test, the study 
was extended to include specimens heat- 
treated at 575 F. The microstructure of 
one of the materials (alloy C4-45) heat- 
treated at these two temperatures is 
shown in Figs. 18 and 20. These tests 


as were the yield strength and propor- 
tional limit values. In general, while 
the yield strengths and proportional 
limits parallelled the tensile strength 
values, the variation was greater. 

The physical properties for the rolled 
tempers in the “as received’’ condition 
were as good as or better than those ob- 
tained for the 5 per cent tin bronzes 
roiled to hard and spring tempers. After 
heat treatment, these values were ma- 
terially increased, with a corresponding 



ROCKWELL HARDNESS (B SCALE) ROCKWELL HARDNESS (c SCALE) 


Fig. 21. — Rockwell Hardness Conversion Curves for Beryllium-Copper Strip. 


are discussed after the analysis of the 
600 F. aging studies. 

Tensile Properties: 

Regardless of source, all the materials 
both in the “as received” condition and 
after heat treatment at 600 F., met the 
requirements of Tentative Specifications 
B 120 - 41 T^ with regard to tensile 
properties. After precipitation-harden- 
ing, the tensile strength was highest for 
the alloys with higher beryllium contents, 


reduction in elongation. However, the 
low elongation and small spread between 
the tensile and the yield strength make 
it difficult to use beryllium-copper springs 
in applications requiring adjustment 
after assembly. The data in Table II 
show that by deviating from the stand- 
ard heat treatment it is possible to ob- 
tain suitable fatigue properties, a greater 
spread between tensile and yield 
strength, and a sufficiently high elonga- 
tion to permit the use of beryllium-copper 
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in many applications where subsequent 
adjustment is required. 

Further study of the data in Table II 
show's that, while there is some variation 
in the physical properties depending 
upon whether the specimens are taken 
parallel or at 45 deg. to the direction of 
rolling, this difference is slight and in- 
consistent. There was a marked differ- 
ence in the modulus of elasticity for ma- 
terial in the ‘^as received” condition and 
after heat treatment. The average value 
for the unaged material was found to be 


terial for 3' hr., the rolled tempers for 
2 hr. The specimens hardened in puri- 
fied nitrogen were not tarnished; those 
in the muffle furnace were oxidized but, 
in the first series of experiments, this 
film was not removed prior to test. The 
fatigue characteristics of the twelve lots 
of beryllium-copper so heat-treated are 
summarized in Table III and in the S-N 
diagrams referred to therein. 

From the data in Table III it can be 
seen that the fatigue strength values for 
material heat-treated in air fall in the 


TABLE III.-EFFECT OF COLD-ROLLING AND PRECIPITATION-HARDENING ON FATIGUE STRENGTH, 


Designation 

Fatigue Strength, psi. 

Furnace 

Atmosphere 

Precipitation Hardening 

Condition A 

Condition AT 

Time, 
i hr. 

Temperature, 
deg. Fahr. 

A4-45 

32 000 (Fig. 6) 

35 500 (Fig. 7) 

Nitrogen 

3 

600 

C3-45 

32 500 (Fig. 6) 

34 800 (Fig. 7) 

Nitrogen 

3 

600 

E2-4S 

33 000 (Fig. 6) 

34 500 (Fig. 7) 

Nitrogen 

3 

600 

E5-45C 

32 500 (Fig. 6) 

36 000 (Fig. 8) 

Air 

3 

600 

Average 

32 500 

1 35 200 





Condition M H 

Condition H HT 




AS-4S 

34 800 (Fig. 9) 

38 500 (Fig. 10) 

Nitrogen 

2 

600 

C4-45 1 

34 000 (Fig. 9) 

.39 000 (Fig. 10) 

Nitrogen 

2 

600 

E3-4S 1 

35 COO (Fig. 9) 

35 000“ (Fig. 10) 

Nitrogen 

2 

600 

E6-4SC 

38 500 (Fig. 9) 

44 000 (Fig. 11) 

Air 

2 

600 

Average 

35 600 

40 100 





Condition H 

Condition HT 




A6-45 

37 000 (Fig. 13) ! 

41 800 (Fig. 14) i 

Nitrogen 

2 

600 

CS-4S 

35 000 (Fig. 13) 1 

41 000 (Fig. 14) 

Nitrogen 

2 

600 

E4-45 

36 000 (Fig. 13) 1 

38 900 (Fig. 14) 

Nitrogen 

2 

600 

E7-4SC... 

39 000 (Fig. 13) ' 

41 000 (Fig. 15) 

Air 

2 

600 

Average 

36 800 

40 700 





“Not included in average because of pitted surface of hardened specimens. 


1-7,500,000 psi.; after heat treatment, 
this value increased to 19,300,000 psi. 

Fatigue Properties: 

The fatigue properties of the various 
materials after precipitation-hardening 
in accordance with the standard accept- 
ance test were first investigated. For 
this phase of the work, the test speci- 
mens were heat-treated either in air in a 
muffle furnace or in purified nitrogen in 
a tubular furnace. All specimens were 
hardened at 600 F., the condition A ma- 


same range as those for material heat- 
treated in purified nitrogen. Hence the 
two methods may be considered to be 
essentially equivalent. In these tests, 
the fatigue strength increased from an 
average of 32,500 psi. for condition A 
material to 36,800 psi. for condition H 
material, an increase of approximately IS 
per cent due to cold rolling.® Likewise, 

» It cannot be said that the condition A material was 
completely free from any cold-working because micro- 
hardness tests made across the 0.032-in. section indicated 
greater hardness near the surface than at the center. This 
is probably due to the use of a roll-straightening (deration 
following the solution heat treatment. The effect and 
magnitude of this cold-working are unknown but are be- 
lieved to be slight. 
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an increase of about 10 per cent in the fa- 
tigue strength of the various tempers was 
obtained as a result of heat treatment. 

In general, there was little variation 
in the fatigue strength of material of 
the same temper, regardless of source or 
tensile strength after hardening. The 
low fatigue strength of alloy E3-45 after 
heat treatment was due to bad surface 
pitting of the material. These pits 
undoubtedly acted as stress raisers in the 
hardened material and led to premature 


variation in composition. This ratio is 
approximately 0.45 for condition A ma- 
terial, 0.38 for coodition |H material, 
and 0.33 for condition H material. After 
heat treatment, the ratio is approxi- 
mately 0.21 for all three tempers. In 
this, heat-treated beryllium-copper is 
similar to the steels where, regardless of 
condition, the ratio of fatigue to tensile 
strength is a fairly constant, although 
somewhat greater, value than that for 
the beryllium-copper. 


TABLE IV .-EFFECT OF AGING TEMPERATURE ON FATIGUE STRENGTH, 


Designation 

Condition 

Fatigue Strength, psi. 

Unaged 

Aged at 600 F. 

Aged at 575 F. 

C3-4S 

A 

’ 1 

32 500 (Fig. 6) 

34 800 (Fig. 7) 

31 700 (Fig. 7) 

33 700 (Fig. 10) 

38 000 (Fig. 14) 
0.20 

04-45 

m 

34 000 (Fig. 9) 

35 000 (Fig. 13) 

39 000 (Fig. 10) 

41 000 (Fig. 14) 
0.22 

C5-45. 

H 

. _ Fatigue strength 

verage a lo 



TABLE V.— FATIGUE TEST DATA. 


Designation 

Condition 

Precipitation-Hardening Treatment 

Fatigue Strength, 
psi. 

Improvement in 
Fatigue Strength 
Resulting from This 
Treatment as 



Medium 

Temperature, 
deg. Fahr. 

Time 

Compared to 
Acceptance Test, 
per cent 

A5-4S-II 

|HT 

iHT 

PIT 

PIT 

HT 

Nitrogen 
Salt bath 

600 

2 hr. 

1 hr. 

38 500 (Fig. 10) 

, 38 500 (Fig. 12) 

! 40 500 (Fig. 12) 

39 200 (Fig. 16) 

41 800 (Fig. 14) 

43 000 (Fig. 16) 

48 000 (Fig. 16) 

Acceptance test 

0 

A5-45-IX 

600 

AS-45-X ' 


780 

8 min. 

AS-45-XI 

Oil bath 

525 

2 

A6-4S-II 

Nitrogen ■ 
Sait bath 
Salt bath i 

600 

2 hr. 

Acceptance test 

3 

15 

A6-4S-XVIII....: 
A6-45-XIX 

HT 

HT 

660 

700 

20 min. 

20 min. 


failure of some of the specimens. This 
premature failure was absent in the un- 
aged material where the greater ductility 
precluded the building up of highly 
localized stresses. The high fatigue 
strength of the replacing sample, E6-45C, 
appears to be associated with a very fine 
grain size. 

When a comparison is made between 
the fatigue and tensile strength values of 
the material aged in accordance with the 
standard acceptance test, some interest- 
ing relationships are revealed. In gen- 
eral, the ratio between the fatigue and 
tensile strength values for a given temper 
is constant, irrespective of source or 


Heat Treatment at 575 F.: 

Since the hardening tests on material 
obtained from supplier C indicated that 
peak hardness was obtained at 575 
rather than at 600 F., the physical prop- 
erties of these three alloys also were 
determined after precipitation-hardening 
at the lower temperature. In general, 
the tensile strength was improved by the 
low-temperature aging treatment, but 
the fatigue properties were impaired as 
shown by the data in Table IV. In fact, 
conditions A and |B[ material aged at 
575 F. had no better fatigue properties 
after aging than did the unaged material. 
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Heat Treatment in Salt and Oil Baths: 

Inasmuch as many^ commercial beiyi- 
lium-copper springs are precipation- 
hardened in salt or oil baths, some tests 
were made on material heat-treated in 
this way. These tests were limited to 
the rolled tempers obtained from supplier 
A. Because of a shortage of material, it 
was necessary to make some of the tests 
on condition material, others on con- 
dition HT material. The results of all 
the physical tests are given in Table II. 
To facilitate discussion, the fatigue test 
data are also given in Table V. 


a slight decrease in yield strength. - The 
high elongation, along with the good elas- 
tic and fatigue properties of material 
heat-treated at 780 F., suggests the de- 
sirability of using such high-temperature 
aging treatments more extensively where 
adjustment after assembly is required. 

Efect of Surface Treatments: 

As previously noted, the specimens 
hardened in air in a muffle furnace were 
badly oxidized. Since pickling or acid- 
dipping is the accepted commercial 
method for removing such films, speci- 
mens of alloy A5-45 were so treated after 


TABLE VI.-EFFECT OF SURFACE TREATMENT ON FATIGUE STRENGTH. 


Designation 

Condition 

Precipitation- 
Hardening Treatment 

! 

1 Fatigue Strength, psi. 

r 

1 

Improvement 
in Fatigue 
Strength, 
per cent 

Tempera- 

ture, 

deg. Fahr. 

Time, hr. 

1 No Surface 

Treatment® 

After Surface 
Treatment Indicated 

A4-45 

AT 

600 

3 

35 500 (Fig. 7} 

43 000 (Polished) (Fig, 8) 

21 

C3-45 

AT 

600 

3 

34 800 (Fii. 7) 

47 000 (Polished) (Fig 8) 

35 

E2-45 

AT 

600 

3 

34 500 (Fig. 7) 

40 400 (Polished) (Fig. 8) 

1 17 

Average 




34 900 

43 500 (Polished) 

I 24 

A5-45 

iHT 1 

600 

2 

38 500 (Fig. 10) 

42 500 (Polished) (Fig. 11) 

1 10 

C4-45 

|HT ! 

600 

2 

39 000 (Fig. 10) 

44 000 (Polished) (Fig. 11) 

: 13 

E3-4S 

|HT 

6C0 

1 2 

35 000 (Fig. 10) 

41 000 (Polished) (Fig. 11) 

1 17 

Average 

1 



37 500 

42 500 (Polished) 

13 ' 

AS-45 

IHT 

600 

2 

38 500 (Fig. 10) 

40 500 (Pickled) (Fig. 12) 

5 

A5-45 ' 

iHT 

600 

2 

38 500 (Fig. 10) 

39 700 (Buffed) (Fig, 12) 

3 

A6-45 

HT 

600 

2 

41 800 (Fig. 14) 

47 500 (Polished) (Fig. IS) 

13 

C5-4S 

HT 

600 

2 

41 000 (Fig. 14) 

51 000 (Polished) (Fig. 15) 

27 

E4-45.' 

HT 

600 

2 

38 900 (Fig. 14) 

45 000 (Polished) (Fii^ 15) i 

16 

Average 


1 


40 200 

47 800 (Polished) i 

19 


^ The control specimens were heat-treated in purified nitrogen, the others in air. 


From these tests, it can be seen that 
material heat-treated in a salt bath for 1 
hr. at 600 F. had the same fatigue strength 
as material heat-treated in accordance 
with the acceptance test. Heat treat- 
ment in salt baths at higher temperatures 
for shorter periods of time resulted in 
some increase in fatigue strength with no 
significant decrease in the tensile proper- 
ties except for material hardened at 780 
F. There was a marked decrease in 
tensile strength of material heat-treated 
at this temperature, indicating that the 
material was overaged. However, there 
was no loss in fatigue strength and only 


precipitation-hardening for 2 hr. at 600 
F. The specimens Avere cleaned in an 
alkaline cyanide solution followed by a 
bright-acid dip.^^ Such pickled speci- 
mens had improved fatigue strength as 
can be seen from the data in Table VI. 
These data also show the effect on the 
fatigue strength of buffing and polishing. 
A cloth wheel and jeweler’s rouge were 
used in the buffing operation, No. 400 
Aloxite paper for the polishing. 

1® In pickling, the specimens were first boiled in a solu- 
tion containing 10 parts sodium cyanide and 10 parts so- 
dium hydroxide per 100 parts of water, rinsed in hot water, 
and bright acid-dipped in a solution containing^ 64 parts 
water, 64 parts sulfuric acid, 32 parts nitric acid, and 1 
part hydrochloric add, after which they were again rinsed 
in hot water and dried. 
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From these dataj it can be seen that 
both pickling and buffing improved the 
fatigue strength slightly. Polishing with 
No. 400 Aloxite paper, an operation 
which involved some work-hardening 
along with the removal of the oxide film 
and some surface material, increased the 
fatigue strength from 13 to 24 per cent. 
Except for material aged at 700 F., these 
values reflect the highest fatigue 
strengths obtained in this investigation 
and approach the inherent fatigue prop- 
erties reported by Anderson and Smith 
(5). While these values are of consider- 
able interest, it is not commercially 
feasible to use such polishing operations 
in the manufacture of most beryllium- 
copper springs. Instead, pickling will 
probably be used in most cases to remove 
the oxide film and this operation may be 
considered beneficial on the basis of these 
tests. 

Conclusions 

1. As can be seen from these studies, 
there is a marked variation in beryllium 
content among the ternary beryllium- 
copper alloys made to the requirements 
of Tentative Specifications B 120 - 41 T.® 

2. Despite the variation in beryllium 
content, all twelve of the commercial 
ternary alloys studied in the 1945 in- 
vestigation, including alloys with as 
little as 1.80 per cent beryllium, could be 
precipitation-hardened to meet the speci- 
fied tensile requirements. 

3. Alloys with low beryllium content 
were found to be more sensitive, with re- 
spect to time and temperature used for 
precipitation-hardening, than alloys of 
higher beryllium content, although satis^ 
factory physical properties were obtained 
in all cases. 

4. Alloys of high beryllium content 
are more apt to contain beta constituent 
in the ^%s received^^ condition than are 
alloys of low beryllium content. 

5. Despite the variation in beryllium 


content, the use of different additive ele- 
ments, and the presence or absence of 
beta constituent in the ^'as received” 
condition, the same fatigue strength 
values were obtained in the 1945 studies 
for all materials of the same temper after 
similar heat treatments. However, there 
was such a divergence in the values of 
the other physical properties as to make 
the interchangeability of the various 
commercial alloys in engineering appli- 
cations, based upon average properties, 
questionable. Except where designs are 
based upon the minimum physical prop- 
erties of the poorest alloy, interchange- 
ability can be achieved with the present 
alloys only by segregating material from 
each supplier and by using different pre- 
cipitation-hardening treatments. 

6. For material “as received” from 
the supplier, the ratio between the fatigue 
and tensile strength was found to be ap- 
proximately 0.45 for condition A, 0,38 for 
condition |H, and 0.33 for condition H. 

7. For material hardened at 600 F. in 
accordance with the acceptance test in 
Tentative Specifications B 194 - 45 T^, 
the ratio between fatigue and tensile 
strength was found to be approximately 
0.21, irrespective of the amount of cold 
rolling previously done. This ratio dif- 
fers slightly for the other special heat 
treatments studied. 

8. The fatigue strength of un- 
hardened beryllium-copper strip was in- 
creased about 10 per cent as a result of 
cold rolling to condition H. 

9. The fatigue strength of all tempers 
of beryllium-copper strip was increased 
approximately 15 per cent as a result of 
heat treatment at 600 F. 

10. While there was little difference in 
the other physical properties between the 
alloys tested in 1945 and those tested in 
1936, there was a marked improvement 
in the fatigue strength of the alloys of 
more recent manufacture. 

11. The fatigue strength and the other 


On Fatigtje op Beryllufm-Copper Strip 


77S 


physical properties of alloys containing 
the maximum permissible beryllium con- 
tent were not impaired by nickel addi- 
tions up to 2 per cent. However, when 
the beryllium content was decreased from 
2.20 to 2.00 per cent^ it was impossible to 
obtain the specified physical properties 
in the high-nickel alloys with the recom- 
mended heat treatment. In general, the 
fatigue properties of the high-nickel 
beryllium-copper alloys were better than 
those of corresponding tempers of the 
standard ternary alloys. 

12, While overaging had little or no 
adverse effect on the fatigue properties 
of beryllium-copper strip, underaging, in 
most cases, was deleterious. Both over- 
aging and underaging had a marked, but 
variable, effect on the other physical 
properties. 

13. The fatigue properties were im- 
proved by surface treatments subsequent 
to precipitation hardening. Pickling 


and buffing resulted in a slight increase 
in fatigue strength, polishing with No. 
400 Aloxite paper in a marked increase 
in fatigue strength. 

14. Short-time, high-temperature heat 
treatments resulted in better fatigue 
properties than did standard low-tem- 
perature heat treatments. Since such 
aging treatments are critical with respect 
to time, they are best applied to indi- 
vidual parts rather than to batch lots of 
beryllium-copper springs. 
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DISCUSSION 


Mr. H. G. WiLLiAiis^ (written dis- 
cussiofi) Gohn and Arnold 

are to be congratulated for their fine 
contribution to the knowledge of beryl- 
lium copper. The evaluation of any 
alloy requires the painstaking collection 
of many data. This is particularly 
true of endurance studies, and the 
authors and their associates have per- 
formed an outstanding service to every- 
one interested in beryllium copper. 

Several points appear to be definitely 
established by this study: 

1. Chemical composition of the alloy 

does not vitally affect the endurance life 
as Tong as sufficient beryllium is avail- 
able for full hardening. ■ 

2. Cold work prior to hardening im- 
proves the endurance of beryllium cop- 
per, although not as markedly as might 
be expected. 

3. Polishing and “pickling” after 
hardening increase the endurance limit. 
The fact that chemical cleaning, which 
can readily be applied commercially, 
improves the endurance life is of con- 
siderable ' practical interest.: 

4. The outstanding fact to be noted is 
the effect ot heat treatment on, the en- 
durance life* This is of particular in- 
terest to me, since determining the 
proper heat treatment of beryllium 
copper for optimum spring performance 
is my main occupation. 

There can be little quarrel in general 
with the authors’ conclusions that under- 
aging is harmful, and that overaging 
has less damaging effects. The study 
does not definitely establish the optimum 
hardening heat treatment for best en- 

1 Chief Metallurgist, Instrument Specialties Co., Inc., 
Little Falls, N. J. ; 


durance life, which is not surprising 
since evidently The authors did not set 
out to do this. There are, however, 
several clues shown in Fig. 1 which can 
be followed up : 

■ 1. Reducing the temperature of heat 
treatment on specimens C3, C4, and 
C5 to 575 F. lowered the endurance life 
over the 600 F. test, although the other 
physical properties were generally im- 
proved by the lower temperature heat 
treatment. In the test (Fig. 1), speci- 
men C3-45 was slightly overaged by the 
3-hr. heat treatment at both tempera- 
tures, peak hardness coming at about 
2| hr. for 600 F. and, 2|: hr. for 575 F, 
Material C4-45 was overaged at 600 F. 
and underaged at 575 F. when heat 
treated for 2 hr., the peak hardness time 
being respectively 1 and 3 hr. 

Material C5-45 was overaged at both 
temperatures when, heat treated for 2 
hr., the peak hardness time being about 
J hr. for 600 F., and 1| hr. for 575 F. 

2. Increasing the temperature of heat 
treatment on material ,A6-45 showed a 
marked increase in endurance life, even 
though the higher heat-treating tem- 
perature slightly lowered the other 
physical properties* The higher tem- 
perature specimens were hardened in a 
salt bath, so the hardness-response 
curves of Fig. I do not apply, due to the 
different rate of heating in the salt bath* 
Mr. Gohn kindly furnished duplicate 
samples, and the hardness-response 
curves for salt-bath heating were deter- 
mined in the Instrument Specialties 
. Co. Laboratory. These tests show peak 
hardness in salt bath to come in 20 
min. at 660 F., 15 min. at 700 F. for 
sample A6-45. Figures 1 and 22 and 
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Table II show the acceptance specimen 
A6-45-iI to be heat treated at peak by 2 
hr. at 600 F. in nitrogen. In this group, 
heat-treated close to peak hardness, the 
best endurance is found at the highest 
temperature, the value of 48,000 psi. for 
the 700 F. heat treatment being the high- 
est found for any unpolished specimen. 

3. There is a possibility that the 
improved endurance at higher tempera- 
tures is due to different surface condition 
from the salt-bath heat treatment. 
This, however, is not indicated in the 
test run on specimens AS-45-II and 
A5-45-IX where the specimens were 
heat-treated in nitrogen and salt bath 
of the same temperature but different 
times, both times corresponding closely 
to peak-hardness time for each heating 
medium, with the resulting endurance 
life reported as identical. 

4. Specimen A5-45-X, heat treated at 
780 F, for 8 min,, was evidently con- 
siderably overaged, yet in spite of lower 
physical properties, it developed slightly 
better endurance than the acceptance 
specimens heat treated to peak hardness 
at 600 F. 

This evidence points very definitely 
to the use of temperatures around 700 F. 
or higher for best endurance life. The 
optimum heat-treatment time is prob- 
ably the same as for peak hardness, but 
overaging does not cause any rapid drop- 
off in endurance and may be used where 
desired for other purposes such as in- 
creased ductility or conductivity with- 
out excessive sacrifice of endurance life. 
This is borne out by data collected on a 
helical coil spring designed for a limited 
life. This compression spring was tested 
through a cycle of +3000 to +68,000 
psi. torsion stress. These springs were 
heat treated at 660 F. for varying times. 
The heat-treatment time, tensile 
strength, and endurance life follow: 


Heat-Treat- 

Tensile 

Average Spring 

ment Time, 

Strength, 

min. 

psi. 

Life, cycles 

10 

215 000 

454 000 

20 

217 000 

peak 938 000 

30 

213 000 

464 000 

80 

203 000 

615 000 


19SSQ0 

548000 


■The evidence of , this experiment as 
showm- in the accompanying Fig. 23 
points very definitely to peak hardness 
heat treatment for best endurance life. 
The loss in endurance life due to over- 
aging is not materially affected by the 
amount of overaging after the initial 
drop, even though the oyeraging is 
carried to at least eight times the peak 
heat-treating time. Since the other 
spring properties of beryllium copper are 
materially affected by the heat-treating 
schedule used, it is not surprising to find 
that endurance follows the same pattern. 


220000 
210 000 
<n 200000 

JQ1> 

(§•1200000 
800 000 
4000001 


Sens/fe 



Spring Life 


j "Heafi Treafing^ Time for 
1 Maximum Spring Life 


-J 1 ! ! 1 I-- .- i I I 

10 20 30 40 50 60 70 80 90 


Heat -treat Time, min. 


Fig, 23. — Heat-Treatment Time versus Endur- 
ance Life. 


All of these data merely re-emphasize 
the necessity of heat treating beryllium 
copper with the guidance of heat- treat- 
ment response curves, and the necessity 
of tailoring the heat treatment to the 
particular material being used and with 
regard to the end use of the part being 
heat-treated. 

Referring to the authors^ data from 
their 1942 investigation of the effect of 
increasing the nickel content of the alloy 
on the endurance life, there seems to be 
no assurance that the samples were heat- 
treated to give best endurance life, and 
it might be that further study would 
find considerable improvement from 
the higher nickel addition. 

I should also like to comment on the 
microstructure shown by materials C3, 
C43 and C5. There is evidence' oRa 
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grain-boundary phase which past ex- 
perience has found to be harmful to 
spring quality in applications involving 
spring stability. Such a defect should 
make the material rejectable. In jus- 
tice to the supplier, it should be noted 
that this condition is not typkal of 
material from supplier but is occa- 
sionally found in material from all 
suppliers. It is unfortunate that the 
minimum physical properties allowed 
by the A.S.T.M. specification are low 
enough to allow material with this defect 
to pass the acceptance test. It is in- 
teresting that this structural defect is 
apparently not as harmful to endurance 
life as it is to other spring properties. 

I feel that the outstanding point de- 
veloped in this study is the large effect 
of heat treatment on endurance life and 
I hope that Messrs. Gohn and Arnold 
will continue their studies in this direc- 
tion. 

Mr. H. S. Freynik^ (by letter ). — ^This 
paper is one of the most important that 
has. been published on beryllium copper. 
The authors are to be congratulated on 
such an outstanding contribution to this 
important subject. 

As manufacturers of this alloy, we are 
particularly interested in two of the 
conclusions reached. One of these is the 
marked improvement in the fatigue 
strength of alloys of recent manufacture. 
The other concerns interchangeability 
of the alloys from the various sources, 
which can only be accomplished by using 
different precipitation-hardening treat- 
ments. 

Regarding the first conclusion, it 
would appear that the precipitation- 
hardening treatment of 525 F. used in the 
earlier investigations would explain the 
lower fatigue values due to underaging. 


2 Chief Metallurgist, The Riverside Metal Co., River- 
.side, N. f. ' ■ 


The 1941 investigation does not support 
this theory since the same hardening 
treatment was used as in the present in- 
vestigation. Further complications ap- 
pear when it is found that the fatigue 
strength of untreated samples is higher 
in the recent project. 

The presence of ternary additions 
such as nickel or cobalt, which are now 
standard practice for the industry, do 
not explain the recent improvements in 
fatigue strength, after reference to the 
various investigations. The 1942 proj- 
ect showed a .fatigue value of 43,500 psi. 
on a binary alloy, which is considerably 
higher than that reported for binary or 
ternary alloys in 1936 and 1941. Could 
there be a possibility that specimens 
Bl-36 and El -42 were taken from the 
same experimental lot of material? 

Of great significance is the presence of 
higher impurities in alloys of recent 
manufacture. This does not imply that 
higher fatigue values are due to im- 
purities, but rather that the higher im- 
purities did not prove to be deleterious. 

One important factor which has not 
been given the consideration it deserves 
is the grain size. The recent project 
reports a grain size for the various 
samples but past investigations do not. 
Under these circumstances, an important 
basis for comparison is not available. 

The solution treatment of beryllium 
copper in the producer’s plant has prob- 
ably been accorded more consideration 
in the last decade than any other single 
item of production. The technique usu- 
ally employed is to obtain a fine grain 
size together with maximum response to 
hardening after the precipitation treat- 
ment. In the early history of beryllium- 
copper manufacture, much of the alloy 
was overheated in the solution treatment 
and a large grain size obtained. The 
deleterious feature of this large grain 
size is that a liquidus segregation is 
produced at the grain boundaries, which 
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is brittle and will affect the working of 
the 'materiah Unfortuiiatelyj , over- 
heated material responds unusually well 
to precipitation hardening and its pos- 
sible bad effects are overlooked. Al- 
though work from the Bell Laboratories 
and other sources has conclusively shown 
improvement in fatigue strength with 
smaller grain size, the effect upon beryl- 
lium copper should reveal some interest- 
ing data. We should particularly 
recommend the inclusion of overheated, 
large grain size specimens in the in- 
vestigation. 

The other conclusion which is of 
considerable importance concerns the 
inability of the user of ber3dliuni copper 
to interchange the alloys from the vari- 
ous suppliers, since different precipita- 
tion-hardening treatments are necessary. 
In our opinion, this is due to the wide 
variation in additive elements. There 
is a definite relationship between the 
quantity of nickel or cobalt present and 
the peak-hardening temperature of the 
alloy. An increase in either of these 
elements increases the temperature at 
which softening begins. From our ex- 
perience, we find that the best commer- 
cial degree of uniformity is reached when 
nickel or cobalt is between 0.20 and 0.50 
per cent. Correspondingly, the total 
additive elements of nickel plus cobalt 
plus iron should be 0.25 to 0.60 per cent. 

Our basic criticism of this paper is 
concerned with the precipitation-harden- 
ing treatments. Most of the work was 
done in a muffle furnace, wdth and 
without an artificial atmosphere, and 
some in a molten salt bath. Commer- 
cially, the bulk of this work is done in 
forced convection furnaces of the recir- 
culating type, without artificial atmos- 
pheres, and some in molten salt baths. 
We are concerned with the possible non- 
uniformity and localized overheating of 
muffle furnaces without forced con- 
vection. 
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. To emphasize, this poin,t further, we 
should call to your attention the wide 
difference in tensile strength for material 
treated at the same time and tempera- 
ture, in diffe,rent mediums, from the same 
original sample. SpeGimen E4-45-II 
shows a tensile strength of 188,900 psi. 
and E4-45-XIII a value of 145,500 psi. 
after a treatment at 600 F.,for 2. hr. in, 
nitrogen and muffle furnaces, respec- 
tively. Correspondingly, specimens C3- 
45-1 and Cv3-45-XII , show values of 
154,200 and 132,400 psi,, respectively. 
This wide variation gives us much 
concern, and we wonder whether the 
cause is associated with nonuniformity 
of material or the precipitation-harden- 
ing treatment. 

With reference to testing procedure, 
we find marked discrepancies between 
characteristics of the various alloys as 
illustrated in Fig. 1 and the physical 
properties reported in Table II. In 
Fig. 1, alloys C3-45-A and C5-45-H 
fail to meet required minimum values 
when treated at 600 F. In Table II, 
these same alloys treated at the same 
temperature do meet the required mini- 
mums. We wonder how this can be 
explained. 

Mr. G. R. Gohn {author ^ s closure) r— 
In general, the authors concur with Mr. 
Williams’ conclusion that, within the 
present specification limits, variations in 
composition do not markedly affect the 
fatigue life of heat-treated beryllium- 
copper strip. However, such variations 
in composition, particularly a deficiency 
in the amount of additive elements, may 
materially affect the other physical 
properties. As stated by Mr. Williams, 
the authors were not primarily con- 
cerned with the determination o ' the 
optimum heat treatment for the various 
beryllium-copper alloys studied. In- 
stead, we undertook to determine the 
fatigue characteristics and other physi- 
cal properties of a number of different 
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lots of beryllium-copper strip when heat- 
treated as specified in the standard 
A.S.T.M. acceptance test at 600 F. 
and when heat-treated in accordance 
with certain commercial practices at 
other temperatures. 

While the authors’ data show superior 
fatigue properties for material heat- 
treated at 700 F., it should be pointed 
out that heat treatment at this tem- 
perature or for peak hardness may 
develop other less desirable properties — 
for example, there may be a marked 
loss in ductility or ev6h embrittlement 
of the material. In the authors’ opin- 
ion, heat treatment at the lower tem- 
peratures specified in the A.S.T.M. 
acceptance test will permit the harden- 
ing of all material, regardless of source, 
to the specified physical properties pro- 
vided, of course, that the composition 
is within the A.S.T.M. limits, and will 
produce parts having the best over-all 
physical properties for general use. For 
specific applications where maxirpum 
hardness and fatigue strength are de- 
sired, deviations from this procedure 
may be justified. 

While our data show that, by heat 
treatment at 700 F., it is possible to 
increase the fatigue strength of beryl- 
lium-copper by as much as 30 per cent 
over that of the unheat-treated ma- 
terial, it should be noted that the fatigue 
strength was increased 13 per cent by 
cold rolling alone for condition H ma- 
terial whereas the gain by conventional 
heat treatment was only 15 per cent. 
Only by combining cold working and 
heat treatment are the high fatigue 
properties, noted in these studies, ob- 
tained. 

Mr. Freynik states that the data 
obtained in the 1941 investigation fail 
to support the authors’ theory that 
underaging (heat treatment at 525 F. 
for only 1 or 2 hr.) was responsible for 
the poor fatigue characteristics observed 


in the earlier (1936) studies. To justify 
our conclusion, we should like to point 
out that, while the improved fatigue 
characteristics observed in the 1945 
studies as compared to those reported 
by Greenall and Gohn'^ could be due ei- 
ther to differences in heat treatment or to 
improvement in materials of more re- 
cent manufacture, this cannot be said 
of the improvement noted in the 1945 
studies as compared to the 1941 studies. 
In both the 1941 and the 1945 stud- 
ies, the heat treatments were the same, 
namely, 600 F. for 3 hr. for condition A 
material and 2 hr. for the rolled tempers. 
It is true that the 1941 studies dealt 
with materials heat treated in a salt 
bath, while those made in 1945 were 
generally concerned with materials heat 
treated in air or nitrogen atmospheres. 
However, since the heat-treatment times 
given in Table II represent time at 
heat, the use of these different media 
should not, in our opinion, have any 
significant effect. It must therefore be 
concluded that the better fatigue prop- 
erties noted in the 1945 tests over those 
reported in 1941 were due primarily to 
improvement in materials. 

This conclusion is further justified by 
reference to the data on the unheat- 
treated materials studied in 1936 and 
those studied in 1945. Conditiom fH 
material of earlier manufacture had an 
average fatigue strength of 23,100 psi., 
whereas material of recent manufacture 
had a fatigue strength of 35,600 psi. 
Similarly, condition H material studied 
in 1936 had a fatigue strength of 27,000 
psi., whereas material of recent manu- 
facture had a fatigue strength of 36,800 
psi. Accordingly, we believe that we 
are justified in making the statement 
that ^There was a marked improvement 
in the fatigue strength of the alloys of 
more recent manufacture.” 

3 See reference (4) of the paper. 
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Mr. Fre 3 mik asks whether spec mens 
designated Bl-36 and El -42 were taken 
from the same lot of material. Speci- 
mens Bl-36 were taken from an experi- 
mental lot of beryllium-copper made by 
the Bell Telephone Laboratories prior to 
1936 and none of this material was 
available at the time the 1942 studies 
were made. Specimens desigaated 
El-42 were made by an outside supplier 
under carefully controlled conditions, to 
produce a binary material having the 
best possible fatigue properties and was 
intended as a control lot for the studies 
on the effect of nickel on the physical 
properties of beryllium-copper. No 
other commercial binary alloy of com- 
parable physical properties has been 
studied. 

The effect of a deficiency of nickel or 
cobalt is illustrated by the poor re- 
sponse of allo 3 ^s C3, C4, and C5 to heat 
treatment (see Table II and Fig. 1) 
and by the large grain size shown in 
the micrographs for specimens C3-45, 
C4-45, and C545 (Figs. 17, 18, and 19). 
We believe that Mr. Fre 3 mik is correct 
when he suggests that 0.20 to 0.50 per 
cent of additive elements (nickel or co- 
balt) should be present for uniform 
response of the various alloys to the 
standard heat treatment and that, if 
iron is included as an additive element, 
both the minimum and maximum per- 
centages should be raised. 

We concur with Mr. Freynik that the 
effect of grain size on the fatigue char- 
acteristics of non-ferrous allo 3 ^s is marked 
and not very well understood. Some 
data on this subject have been presented 
by Greenall and Gohn^ but further work 
on the effect of grain size on fatigue is 
definitely needed. 

Mr. Freynik has expressed concern 
over the effect on the physical properties 
of possible nonuniformity and localized 
over heating in the muffle furnace used 
in our heat treatments in the absence of 


forced convection. Data are cited b}^ 
him on specimens E4-45-II, E4-45-XIII, 
C3-45-I, and C3-45-XII to suggest that 
the variations in physical properties 
reported by the authors was due to non- 
uniformity of the heat treatment rather 
than nonuniformity of the materials 
studied. Therefore we have reanal 3 ^zed 
the tension test data for the ber}dlium- 
copper alloys heat-treated at 600 F. 
in the 1945 studies, to determine whether 
there are differences in ph 3 ^sical proper- 
ties which can be attributed to non- 
uniformity in heat treatment rather 
than nonuniformit}^ in material. These 
data are shown in Table VIE 

The specimens listed in Table VII 
as being heat-treated in a nitrogen at- 
mosphere were clamped in a jig, placed 
in a quartz tube which was closed at 
one end and mounted within a tubular 
furnace havicg a uniform heating zone 
over a length of at least 12 in. Purified 
nitrogen was introduced into the closed 
end of the quartz tube and a small 
flow of nitrogen maintained during heat 
treatment. The temperature of the fur- 
nace was regulated b 3 ^ an automatic 
controller recorder while the temperature 
of the specimens was measured with a 
thermocouple buried in the charge. 
With this setup the variation in tem- 
perature during heat treatment did not 
exceed 2 to 3 C. (3 to 5 F.). Hence no 
localized heating or overheating was 
possible in the case of heat treatments 
I or II. Each lot of material was sepa- 
rately heat-treated. 

In the case of heat treatments XII 
and XIII, which were carried out in a 
muffle furnace, the specimens were 
bound together, wrapped in copper foil 
and placed in a tvdiY supported from 
the controlling thermocouple near the 
center of the muffle furnace. All condi- 
tion A material was heat treated at one 
time and all of the rolled tempers were 
heat treated together as a second charge. 
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The temperature was regulated by an 
automatic controller recorder with sup- 
plementary hand control but, even with- 
out the latter, the temperature variation 
did not exceed zF 10 C. (± 18 F.). 
With hand control, the variation was 
considerably less. Heat treatment XV 


TABLE VIL-COMPARISON OF TENSILE PROPER- 
TIES OF BERYLLITO-COPPER STRIP PRECIPI- 
TATION-HARDEXED AT 600 F. LTsDER VARIOUS 
CONDITIONS. 


(1945 Investigation) 



i sc . 






Type of 


■5 

Designation 

i-S - 

rrrXJ ^ i 

Furnace 

Medium 

jQ> C 

£ 1 

. W JIJ 1>H 

Used 


geo d. 


iC4 





Condition AT Matertai. 


A4-45-I 

A4-45-XII 

C3-45-I 

C3-45-XI1 

E2-43-I 

E245-Xn 

3 

3 

3 

3 

3 

3 

Quartz tube 
Muffle 
Quartz tube 
Muffle 
Quartz tube 
Muffle 

Nitrogen 

Air 

Nitrogen 

Air 

Nitrogen 

Air 

181 300 
170 500 
154 200 
132 400 
151 300 
144 300 

Condition |HT ^Iateriai. 

A5-45-IT.. 

2 

Quartz tube 

Nitrogen 

200 100 

A5-45-XIII 

2 

Muffle 

Air 

200 900 

C443-II 

2 

Quartz tubs 

Nitrogen 

174 300 

C4-45-XBL... 

2 

Muffle 

Air 

ISO 400 

E345-n 

2 

Quartz tube 

Nitrogen 

179 800 

E34:5-X1II.. . . 

2 

Muffle 

Air 

163 900 


Condition HT Material 


A645-II 

2 

Quartz tube 

Nitrogen 

199 300 

A645-Xin.... 

2 

Muffle 

Air 

196 700 

A645-XV 

2 

Forced con- 
vection 

Air 

195 500 

A645-IX i 

1 


Salt Bath 

195 800 

C545-11 ' 

2 

Quartz tube 

Nitrogen 

180 500 

C545-XIII... 

2 

Muffle 

Air 

186 400 

E445-n 

2 

Quartz tube 

Nitrogen 

188 900 

E445-Xin.... 

2 

Muffle 

Air 

145 500 


was carried out in a commercial, forced 
convection type of muffle furnace such 
as that recommended by Mr. Freynik. 

Before analyzing the data shown in 
the accompanying Table VII, the au- 
thors plotted the tensile strength Rock- 
well hardness data given in Table II 
of the paper and found that a variation 
of one Rockwell number (C scale) was 
equivalent to a variation of approxi- 


mately 5000 psi. in tensile strength. 
If we now consider the data given in 
Table VH along with the data shown 
in Fig. 1 of the paper (which indicate 
the response of the various alloys to 
hardening) it can be seen that the low 
tensile strength values obtained for 
specimens of condition A material heat- 
treated in the muffle furnace can be 
explained on the assumption that the 
temperature in the muffle furnace was 
higher than that in the tubular furnace. 
A difference of less than 18 F, wuiild 
explain the low tensile strength values 
observed for heat treatment I. 

As previously stated, all samples of 
the rolled tempers were heat treated 
simultaneously in the muffle furnace. 
If the temperature in the muffle furnace 
was as much as 18 F. lower than the 
temperature of the quartz tube furnace 
(600 F.) the differences noted under 
condition -|HT material for samples 
designated AS, C4, and E3 can be ex- 
plained. This assumption does not, 
however, explain the differences noted 
under condition HT material for sam- 
ples designated CS and E4. In the 
authors^ opinion these differences are 
due to a nonuniform response of the 
latter two materials to heat treatment. 

The Rockwell hardness values re- 
ported in Fig. 1 were obtained on small 
1-in. square samples heat-treated in the 
tubular furnace at a different time than 
the tension test specimens for which 
corresponding Rockwell hardness values 
are given in Table II. In view of the 
marked effect of small variations in 
temperature on the physical properties 
as discussed in the preceding paragraphs 
we believe that there is no real discrep- 
ancy among the hardness data reported 
in Fig. 1 and those given in Table II. 


THE FATIGUE STRENGTH OF SOME MAGNESIUM SHEET ALLOYS* ^ 
By L. R. Jackson® and H. J. Grover® 


Synopsis 

This paper contains data on the direct-stress fatigue strength, and notch 
sensitivity of magnesium sheet alloys of the J-h, J-a, M-h, M-a, and FS-h 
and FS-a types. 


One of the projects undertaken by the 
War Metallurgy Division of the National 
Defense Research Committee, during the 
war, was the evaluation of magnesium 
sheet alloys as possible materials for the 
construction of aircraft. The portion 
of this project dealing with the reaction 
of such materials to repeated stresses was 
assigned to Battelle Memorial Institute. 
This paper is concerned with the direct- 
stress fatigue strength of various mag- 
nesium sheet alloys, an evaluation of 
their notch sensitivity as revealed by 
repeated stress, and other pertinent in- 
formation. A subsequent paper deals 
with the fatigue strength of various 
types of joints in the alloys investi- 
gated.^ 

Materials Investigated 

The purpose of the investigation was 
not to attempt to develop new alloys but 
to evaluate materials which were already 
in significant commercial production. 
On this basis, the alloys listed in Table I 

* Presented at the Forty-ninth Annual Meeting of the 
Socie^, June 24-28, 1946. 

t This paper is based on work done for the Office of 
Scientific Research and Development, under Contract No. 
OEMsr-729 with Battelle Memorial Institute, Columbus, 
Ohio. 

2 Supervisor and Assistant Supervisor, respectively, 
Battelle Memorial Institute, Columbus, Ohio. 

2 j, Grover and L. R. Jackson, “The Fatigue 
Strength of Lap Joints in Some Magnesium Sheet Alloys,*’ 
Preprint No. 2S, Forty-Ninth Annual Meeting, Am. Soc. 
Testing Mats., June 24-28, 1946. 


were selected. It will be noted in Table 
I that there was no single uniform, desig- 
nation for the \^arious types of alloys. 
Accordingly, all the various designations, 
current at the time, are listed for each 
alloy. In the body of the paper only one 
designation is used, and this denotes the 
source of the material. For example, all 
tests labeled with Dow Chemical Co. 
designations were performed on material 
obtained from that company. 

Types of Test Specimens 

Figure 1 shows photographs of vari- 
ous types of test specimens that were 
used in the investigation. 

Dimensions connected with the vari- 
ous types of test specimens are listed in 
Table II. In tests described in the 
paper, test specimens will be designated 
by type number. In practically all 
cases, the tests were performed on 
0.064-in. thick sheet. Unless otherwise 
designated, this thickness is to be under- 
stood in all descriptions of tests. 

■ Tensile Properties of Sheet 
Materials 

Table III summarizes average static 
tensile properties of the various types of 
sheet materials and test specimens used 
in the investigation of fatigue properties. 
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Type 1 





Type 5 


Type 4 


Type 6 

Fig. 1. — Illustrations of Various Types of Test Sections. 

(See Table II for dimensions) 
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TABLE I —NOMINAL COMPOSITIONS OF MAGNESIUM SHEET ALLOYS USED IN INVESTIGATION OF 

FATIGUE PROPERTIES. 


Designation of Alloy 

! Nominal'' 

1 Composition, 

1 per cent 

i ■ 

Temper 

A.S.T.M.“ 

Dow 

Chemical 

Co. 

A.M.S. 

) American 
Magnesium. | 
Co. . 1 

S.A.E. 

Electron 

Ai 1 

Mn 

: Zn 1 

■ AZ61X(H) 

J-!h 

4381 

S7S-h i 


AZM 

6.5 \ 

0.2 

0.7' 

Hard-rolled 

AZ61X(A) 

J-la I 

4380 

57S-0 


AZM 

6.5 

0.2 

0.7 

Annealed 

M1(H) 

M-h 

437011 

3S-h 

si 

AM503 


1.5 


Hard-rolled 

Ml (A) 

M~a 

4370a 

3S-0 

51 

AM503 


1.5. 


Annealed 

AZ31X(H) 

FS-lh 


52S-h 

52 

AZ31 i 

is 

0.3 

1.0 

Hard-rolled 

AZ31X(A) 

FS-la 


52S-0 

52 

AZ31 ! 

i 

2.S 

0.3 

1.0 

Annealed . , ' 


'^Tentative Specifications for Magnesium-Base Alloy Sheet (B90-45T), 1945 Supplement to Book of A.S.T.M. 
Standards, Part I, p, 200. 


TABLE II.— DIMENSIONS OF TEST SPECIMENS. 
(See Fig. 1 for illustrations) 


Type 



Over-all 

Length, 

in. 

Length of 
Test 
Sections, 
in. 

Width of 
Test 
Sections, 
in. 

Remarks 

No. 1 

12 

6 

0.5 


No. 2 

12 

6 

1.0 

a 

No. 3 

21 j 

1.5 1 

2.00 


No. 4 

21 ! 

15 

i 3.00 

h 

No. 5 

17 


1.00 


No. 6 

17 

ii 

1.541 

d 


‘^Hole 0.190-in. dameter drilled in center of l-in. wide 
sections. 

® Five holes 0.190-in. diameter spaced 0.5 in. 

^ Sweep radius 12 in. 

^ Width of unnotched section 1.541 in. Edge notches 
0,25 in. deep, 0.12S-in. radius. Net width at center, 
1.041 in. 


From Table III it will be noted: 

1. The materials investigated show 
no substantial difference between the 
static properties parallel and perpendic- 
ular to the rolling direction. 

2. The static notch sensitivity as re- 
vealed by tension tests on sheets with 
holes does not appear to be abnormally 
high. There is sufficient ductility that 
the strength of the sheets is not impaired 
by holes. This is contrary to results 
reported by Beck‘d who quoted data on 

< E. A. Beck, “The Technology? of Magnesium, and Its 
AUovs,” F. A. Hughes and Co,, London, England p. 187 
(1940). 


TABLE III.— STATIC TENSILE PROPERTIES OF MAGNESIUM SHEET ALLOYS. 


(All test specimens cut parallel to direction of rolling unless otherwise noted.) 


Type of Alloy 

Type of 
Test 

Specimen 

Sheet 

Thickness, 

in. 

Propor- 
tional 
Limit, psi. 

(0.01 per 
cent Offset) 

Yield 
Strength, 
psi. (0.2 
per cent 
Offset) 

Tensile 
‘ Strength, 
psi. 

Elongation 
in 2 in., 
per cent 

Remarks 

IJ-lh 

1 

0.125 

18 000 

32 875 

45 550 

10 

b 

IJ-lh 

1 

0.064 

18 000 

32 050 

46 250 

12 


IJ-lh 

3 

0.064 

18 000 

31 525 

44 300 

13 

b 

IJ-lh 

3 

0.064 

18 000 

32 900 

44 800 

11 

a 

IJ-lh.. 

5 

0.064 


32 060 

45 900 

13.6 

b 

2J-lh 

5 

0.064 


38 970 

48 050 

3.2 

b 

J-la 

1 

0,064 

12 000 

24 225 

42 500 

20 


J-la 

3 

0.064 

12 000 

23 375 

41 000 

13 


J-la 

3 

0.064 

12 000 

26 900 

42 900 

19 


Mh 

1 

0.064 

10 000 

26 700 

35 600 

7 


Mh 

3 

0.064 

10 000 

26 600 

35 700 

14 ■■ ! 


Mh 

3 

0.064 

10 000 

23 000 

35 850 

12 

a 

Ma 

1 

0.064 

9 500 

19 500 

33 700 

27 


IFS-lh.. 

1 

0.064 

19 000 

37 500 

45 800 

5 


IFS-Ih 

5 

0.064 


38 120 

46 200 

! 5 


IFS-la 

5 

0.064 


30 130 

44 180 

1 ^2 

c 

2FS-lh. 

5 

0,064 


33 950 

44 920 

^ , 10 


AMC52S-H 

5 

0.064 


36 500 

43 300 

1' 11 


AMC52S-0 

5 

0.064 


20 300 

37 100 

i .21 


IJ-lh 

2 

0.064 


37 480 

42 285 . 

i 2 . 


IJ-lh 

4 

0.064 


39 775 

45.500 

1 1 


IJ-lh .. 

4 

0.064 


44 700 

49 050 

1 

0- ' 

J-la 

4 

0.064 


31 275 

39 250 

3 


J-la .. 

4 

0.064 


34 250 

41 300 

3.5 ■ 

O' 

Mh 

4 

0.064 


32 400 

38 100 

2 


Mh 

4 

0.064 


30 575 

38 700 

2 

o 


“Transverse to rolling direction. , , A. . , , , ^ j 

® A number preceding the alloy type number indicates the lot of material when more than one lot was used. 

The properties of this item suggest that it should be designated as FS-lh — the designation given is the one sup- 
plied by the manufacturer. 
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CYCLES TO FAILURE 

Fig. 2. — Fatigue Curves Showing Specimen “Width Effect” for Specimen of J-lh Cut Parallel to 
Rolling Direction. (Type 1 and Type 3 Test Specimens.) 
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CYLES TO failure 

Fig. 3. — Fatigue Curves for Specimens of J~lh, 2.000 by 0.064 in., Cut Parallel to Rolling Direction. 

(Type 3 Test Specimens.) 


AZM sheet indicating a 10 to 14 per 
cent decrease in strength for similar 
test specimens. Apparently, the notch 
sensitivity is not fixed by the nominal 
composition. 

Fatigue Properties of Magnesium 
Sheet Alloys 

All fatigue tests reported in this paper 
were performed on Krouse direct-stress 
fatigue machines. The tests were per- 
formed at a constant ratio of minimum 
to maximum stress. Curves obtained 
from such tests are known as R curves 


when R is the ratio of minimum to 
maximum stress. Unless otherwise 
noted, all tests were run at a speed of 
1500 cycles per minute. 

Ftmdamental “i?!” Curves for Sheet Mate- 
rials: 

A considerable amount of data was 
obtained on the various sheet materials. 
These are illustrated in Figs. 2 to 10. 

Figure 2 compares the fatigue strength 
of J-lh alloy using type 1 (0.5 in. wide) 
and type 3 (2 in. wide) test specimens. 
The narrow test specimens show higher 



MAXIMUM STRESS, PS I. 
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Fig. 4. — Fatigue Curve for Specimens of J-lli Sheet. (Type 5 Test Specimen.) 



Fig. 5. — Fatigue Curves for Specimens of IFS-lh. (Type 5 Test Specimens.) 
(Specimens 1,000 by 0.064 in. at center section) 
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CYCLES TO FAILURE 

Fig, 6.-"Fatigue Curves for Specimens of AMC52S-H. (Type 5 Test Specimens.) 

(Specimens LOGO by 0.064 in. at center section) 
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strength at long lifetimes, although rial. A few check tests with test speci- 
there is some indication that the results mens of IJ-lh alloy cut perpendicular 
on 2-in. wide test specimens lie at the to the direction of rolling indicated 
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cycles to failure 

Fig. 7. — Fatigue Curves for Specimens of J-la. (Type 1 Test Specimens.) 

(Specimens 0.5 in. wide, 0.064-in. sheet cat parallel to rolling direction) 



Fig, 8, — ^Fatigue Curves for Sheet Specimens of M-h Alloy. (Type 1 Test Specimens.) 
(Specimens O.S in. wide, 0.064 in. sheet cut parallel to roiling direction) 


lower limit of the scatter band for the 
narrow test specimens. 

Figure 3 shows more detailed infor- 
mation on t 3 rpe 3 test specimens, and 
Fig, 4 shows results with type S test 
specimens all with J-lh alloy. Figure 4 
compares results with two lots of mate- 


that the transverse fatigue properties 
are not distinguishable from the longi- 
tudinal properties. 

Figure 5 shows fatigue test results on 
IFS-lh alloy; these should be compared 
with Fig. 6 which shows results with 
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AMC52S-II alloy. These results were Light metal alloys^ such as those of 
obtained with type S test specimens. aluminum and magnesium, apparently 

Figures 7, 8, and 9 show fatigue test do not exhibit an “endurance limit” 
results on alloys J-la, M~h, and M-a such as is found in steels. However, as 



Fig. 9. — Fatigue Curves for Sheet Specimens of M-a Alloy. (Test 1 Test Specimens.) 
(Specimens O.S in. wide, 0.064-in, sheet cut parallel to rolling directionj 
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Fig. 10. — Fatigue Curves for Sheet Specimens of IFS-la and AMC52S’-0 Alloys at i? *— 0,25. (Type 

5 Test Specimens.) 

(Specimens 1 in. wide at center, 0.064 in. thick) 


respectively, obtained with type 1 test 
specimens. Figure 10 compares fa- 
tigue test results on IFS-la alloy with, 
results on AMC52S-0 using type 5 
test specimens.: , 


can be seen from Figs. 2 to 10, magne- 
sium, alloys have a more well-defined 
“knee” m S-N curves than do alumi- 
num alloys and, in this respect, more 
closely resemble steels. 
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In general, the relation between ten- 
sile strength and fatigue strength does 
not appear to be as well defined as in 
steels. This is particularly striking 


It will be noted that the statically 
stronger of these two alloys has the 
lower fatigue strength. It also has less 
ductility. Apparently the ductility (or 
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CYCLES TO failure 


Fig. 11. — Fatigue-Strength Reduction Factors for J-lh Specimens 1.000 by 0.064 in. with One Rivet 
Hole 0.190 in. in Diameter. (Type 2 Test Specimens.) 
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Fig. 12. — Fatigue-Strength Reduction Factors of IJ-lh. 


when, for example, Mh (Fig. 8) is com- 
pared with either of the stronger alloys 
J-lh (Fig: 2) or IFS-lh (Fig. 5), and 
again in comparing IFS-lh (Fig. 5) with 
its counterpart AMC52S-H (Fig. 6). 


something that goes along with ductil- 
ity) of the alloys is a factor in determin- 
ing the fatigue strength. This is also 
true in aluminum alloys where fatigue 
tests indicate that the statically 
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stronger j but less ductile, 75S-T type 
alloy has no better fatigue strength than 
24S-T. 

In order to have a more direct com- 
parison with aluminum alloys, a few 
tests were run on some aluminum sheet 


Notch Sensitivity . Under Repeated Stress: 

Fatigue tests were ran with test sped- 
mens containing a single drilled hole 
(type 2, Fig. 1) and with semicircular 
notches at the edge of the test specimen 



CYCLES TO FAIUORE 


Fig. 13. — Fatigue Curve for IJ-lh Specimens with Large Diameter Holes. (Modified Type 2 

Test Specimens.) 

(Center 1.000 in. wide, single hole, O.SlO-in. diameter) 


alloys using the same shape test speci- 
mens and the same testing machines at a 
stress ratio R = 0.25. Comparisons are 
made in Table IV. For lifetimes in the 
order of 1,000,000 to 10,000,000 cycles, 
the magnesium alloys will withstand a 
greater percentage of their respective 
static strengths than’ Alclad 24S-T, al- 
though they are relatively not so strong 
as the bare 24S-T. 


(type 6, Fig. 1). These two types of 
stress raisers were designed to have a 
geometrical stress-concentration factor 
of 2.5 as computed by the methods de- 
scribed by Neugebauer.^ 

, The geometrical stress-concentration 
factor for the test specimens containing 
5 holes (type 4, Fig. 1) is not known. 

* G. H. Neugebauer, “Stress-Coacentration Factors in 
Fatigue and Their Effects on Design,” Product Engineer- 
ing, Vol. 14, pp. 82-S7 and 168-172 (1943), 



792’ 


Jackson and Grover 


In aU cases described here, the holes 
were drilled holes. That is, they were 
neither reamed nor polished since it was 
desired to evaluate their effect under 
conditions approximating service. 

The strength-reduction factor (or 
stress-concentration factor) Kf as meas- 
ured by fatigue tests is defined as the 
ratio . , 

Maximum nominal stress unnotched 

Kf = "■ — — 

Maximum nominal stress notched 


concentration factor of 2.11 instead of 
2.50. In Fig. 13 the solid curve was 
drawn by multiplying values from type 2 

2 50 

test specimens by the ratio , while 

d6.X X 

the points were obtained on actual test 
specimens having the theoretical stress- 
concentration factor of 2.11 . From 
Figs. 11, 12, and 13 it may be observed: 

1. That the ^^stress-concentration fac- 
tor” measured in fatigue is lower for 
short lifetimes than for long lifetimes 



Fig. 14.-~Fatigue-Strength Reduction Factors for Specimens 3.000 by 0.064-in. Cut Parallel to 
Rolling, with 5 Rivet Holes 0.190 in. in Diameter. (Type 4 Test Specimens.) 


where both stresses are based on the net 
section of the test specimen, and are 
determined at the same R value and the 
same lifetime. 

Figure 11 shows strength-reduction 
factors at various stress ratios for J-lh 
alloy (type 2). Figure 12 compares the 
effect of a single drilled hole (t 3 rpe 2) 
with semicircular edge notches (type 6). 
Both types produce very similar effects. 
Figure 13 compares the effect of another 
variation in type of stress raiser on J-lh 
alloy. This additional type was simi- 
lar to type 2, except that the center hole 
was of 0.5 10-in. diameter instead of 
0.190 in. and had a theoretical stress- 


and that all values are lower than the 
geometric stress-concentration factor. 
This result is consistent with what has 
been observed on other materials. 

2. That results, using different geo- 
metrical stress-concentration factors or 
the same factor obtained in different 
ways, are consistent with each other. 

Figure 14 compares J-lh, J-la, and 
M-h alloys using type 4 test specimens 
cut parallel to the direction of rolling 
and Fig. 15 makes the same comparison 
transverse to the rolling direction. 

On comparmg Fig. 14 with Fig. 11, 
it will be noted that the spacing between 
holes in the 5-hole test specimens is ap- 
parently such that the stress-concentra- 
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Fig. 15. — Fatigue-Strengtii Reduction Factors for Specimens 3.000 by 0.064 in. Cut Transverse to 
Rolling, with 5 Rivet Holes, 0.190 in. in Diameter. (Type 4 Test Specimens.) 


tion factor is reduced by mutual inter- 
ference. Figures 14 and IS indicate 
again that the transverse strength is not 
inferior to the strength in the rolling 
direction. 

At the time these tests were made, 
not enough material was available of > 
the FS or AMCS2S alloys to make a 
detailed investigation of the notch sensi- 
tivity of these alloys. Beck (see foot- 
note 4, p. 218) shows results comparing 
AZM (similar to J type) with AZ31 
(similar to FS or AMC52S type), indi- 
cating that the notch sensitivity of the 
AZ31 type is somewhat lower than for 
the AZM type. 

A few tests were made with aluminum 
sheet alloys under the same conditions as 
the tests on the magnesium alloys in 
order to have a comparison with other 
constructional materials on the same 
basis. The comparison is made in 
Table V. The “notch-sensitivity in- 
dex” used in Table V is defined as: 

Sensitivity index 

Maximum measured 

stress-concentration factor 
Theoretical stress-concentration factor 

The “maximum measured stress-con- 


centration factor” is taken from Fig. 11 
at a ratio of = 0.25 for the magnesium 
alloy J-lh and from similar data on the 
aluminum alloys. This method of de- 
fining notch sensitivity was proposed by 
Beck (see footnote 4, p. 215). While a 
direct comparison between the aluminum 
and magnesium alloys was made only 
with J-lh, by inspection of Figs. 14 and 
15 it is seen that none of the magnesium 
alloys tested appears to be abnormally 
notch sensitive as compared with the 
aluminum alloys. The differences in 
notch-sensitivity index, as shown in 
Table V, should not be considered to 
be significant. As Beck (see footnote 
4, p. 215) points out, this method of 
defining notch sensitivity is open to 
question and it should only be considered 
capable of revealing gross differences. 
Within the range of values given in 


TABLE V.— COMPARISON OF NOTCH SENSITIVITY 
OF MAGNESIUM OR ALXBIINUM ALLOYS. ■ 
fTheoretical stress-concentration factor in all cases = 2.5} 


Alloy 

Notch-Sensitivity 

Index 

J.p;i 

0.70 

hare 

0.83 

OiiQ-T' Alrlad 

0.77 
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Table ¥, the materials should be con- 
sidered to be equivalent. ■ 

Coffosion-Fatigue Strength of J-lh Alloy: 

Magnesium sheet alloys, of the type 
used in this investigation, are known to 
be susceptible to stress corrosion. For 



Fig. 16. — Specimen Mounted for 
Corrosion-Fatigue Test. 


that reason, it is difficult to devise a cor- 
rosion-fatigue test that is fundapientally 
significant, since stresses significant in 
fatigue would eventually cause failure 
under static load. Thus, it would be 
expected that the corrosion-fatigue 
strength would depend, to a large ex- 
tent, on the speed of test, The purpose 


of the test finally adopted was to deter- 
mine whether the stress-corrosion effect 
is accelerated by alternating stresses. 
Since J-lh alloy was more susceptible to 
■stress corrosion than other alloys, it was 
chosen for investigation. Tests \¥ere 
run at 1500 cycles per minute. 

Type 5 test specimens were used. 
These were surrounded with a plastic 
corrosion cell as shown in Fig. 16. The 
corroding solution used in the tests is 
one in common use for studying the 
susceptibility of magnesium alloys. It 
consists of 35 g. of NaCl and 20 g. of 
K 2 Cr 04 per liter of distilled water. 
Enough HCl is added to adjust the pH 
of the solution to 6.5. When this solu- 
tion was used in the corrosion ceil, it 
was found that the pH changed slowly 
because of contact between the solution 
and the test specimen. Accordingly, the 
cell was arranged so that solution was 
removed and replaced by fresh, at a 
rate which would keep the pH constant. 

Figure 17 shows^the effect of the solu- 
tion under static stress and Fig. 18 
shows results under repeated stress. 
Comparison of Figs. 17 and 18 leads to 
the conclusion that little, if any, accel- 
eration of the stress-corrosion effect is 
produced by alternating, as compared 
with static stresses. 

Concluding Remarks 

In appraising the evaluation of mag- 
nesium sheet alloys given in this report, 
it should be kept in mind that the reac- 
tion of these alloys to repeated stresses 
is only a part of the larger problem of 
completely evaluating magnesium al- 
loys as materials of construction. Fur- 
thermore, not enough heats of alloys 
were tested to insure that results are 
typical. 

With these limitations in mind, the 
following generalizations appear to be 
warranted: 

1. None of the magnesium alloys was 
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statically as strong as the commonly 
used aluminum alloys; however, since 
the magnesium alloys are lighter, it is 
possible that some designs could provide 
a comparable strength-weight ratio. 


alloys does not appear to be sensitive to 
orientation with rolling direction. 

4. As far as these laborato.ry fatigue 
tests show, the notch sensitivity of the 
various magnesium alloys investigated 
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Fig. 17. — Static Stress-Corrosion Curves for 2J-lh As Received. 



Fig. 18.— Fatigue-Corrosion Curves for 2J-lh As Received. (Type 5 Test Specimens.) 
(Specimens 1.000 by 0.064-iii. center section, speed 1500 cycles per minute) 


2. Relative to static strength, none 
of the magnesium alloys has as high 
fatigue strength as unclad 24S-T, for 
example; however, the fatigue strength 
compares favorably with the clad 24S- 
T type alloy. 

3. The^ fatigue strength of magnesium 


does not appear to be any greater than 
that observed in other light metal 

alloys. 

5. While some magnesium sheet al- 
loys are susceptible to stress corrosion, 
the effect does not appear to be accel- 
erated by repeated stress. 



DISCUSSION 


Mr. G. H. Found^ {presented in 
written fo7'm .) — ^This is a valuable contri- 
bution to the field of fatigue testing, 
particularly because of the diversity of 
variables studied which may affect the 
results of axial or direct stress fatigue 
testing. These data have additional 
value because they either supplement or 
substantiate the present available data 
for direct stressing on magnesium sheet. 

We have performed similar direct 
stress fatigue studies. With two excep- 
tions, our results are in close agreement 
with the results obtained by these 
investigators. 

These exceptions are the results for 
FS-la and 24S-T alloys. In the case of 
FS-la, both the static properties in 
Table III and the fatigue results in 
Table IV follow in the range for FS-lh. 
It appears, therefore, that the material 
referred to as FS-la in the paper was 
perhaps mislabeled and is actually FS-lh. 
Our tests on FS-la shovr lower results 
than for FS-lh. They are, in fact, 
practically identical with the results for 
AMC-52S-0, which is the designation of 
an alloy practically the same as FS-la 
which is made by another manufacturer. 

Our results for 24S-T of 0.25-in. bare 
sheet for an R value of 0.25 are 58,000, 
40,000, and 27,000 psi. at 10^, 10^, and 
10^ respectively instead of 60,000, 52,000, 
and 51,000 psi. as given in Table IV. 

There is an inconsistency between a 
statement on page 794 under stress corro- 
sion and on page 795 under conclusion 5. 
The statement on page 794 which says 

1 Assistant Director, Product Development Div., Mag- 
nesium Laboratories, The Dow Chemical Co„ Midland, 
.Mich. 


that all of the magnesium sheet alloys 
which were tested are known to be sus- 
ceptible to stress corrosion is incorrect. 
M alloy sheet, which was tested, is known 
to be not susceptible to stress corrosion. 

With regard to conclusion 1, mag- 
nesium sheet alloys are being used in 
service in many designs where a definite 
static strength to weight advantage is 
being realized over aluminum. With 
regard to conclusion 2, a re-examination 
or redetermination of the fatigue data 
for 24S-T will modify this statement, 
especially for the long life range if the 
data presented in this discussion prove 
to be correct. 

Quantitative or even qualitative use 
of test-bar fatigue data of the direct 
stress type alone for predicting service- 
ability is not advisable, since not only 
do failures always occur at stress concen- 
trations (of which fabricated sheet struc- 
tures have many), but fatigue failures 
often originate where either localized or 
general bending stresses are superim- 
posed over the axial or direct stresses. 
Fatigue failures usually originate in such 
areas as formed regions and regions 
adjacent to rivet heads where not only 
do unpredictable stress concentrations 
exist, but the bending type of loading is 
also found. The comparison between 
the fatigue properties of magnesium and 
aluminum sheet alloys in bending is 
somewhat different from the comparison 
for direct-stress fatigue testing. This 
will also be shown in another paper^ on 
fatigue properties of magnesium and 


2 See p. 715. 
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aiuminum alloys presented at this 
session. 

Mr. John M. Lessells.^ — Mr. Peter- 
son, who has taught us to consider 
strength-reduction factors in the fatigue 
of steel, should be pleased to learn that 
this same reasoning is now being applied 
to magnesium alloys. 

As regards the path of a fatigue crack 
in steel, it is generally accepted as being 
transcrystalline, and only in exceptional 
cases is the fracture intercrystalline in 
nature. It would be interesting to hear 
from Mr. Jackson if this is also true for 
magnesium alloys, especially for cases of 
stress concentration, 

Mr. R. E. Peterson.'^— "A comparison 
has been made with theoretical factors, 
and I should like to remark that I believe 
such a comparison should be made only 
if the stress is completely alternating. 

If the stress varies sinusoidally be- 
tween two limits, it can always be broken 
into an alternating stress component and 
a steady stress component: 

^ •S'max — *Srnin ^ Sixiax. d" 'S'min 
^ == ' ; = - 

The accompanying Fig. 19 shows the 
usual way of plotting such stress 
components. 

If we consider the case of zero to maxi- 
mum, the authors’ factor would be AB 
divided by CE, I should like to suggest 
that the results be evaluated by use of a 
factor DF over DE. 

Mr. R. L. Templin.® — The authors 
have stated in their paper, (see p. 790), 
that 'This is also true in aluminum 
alloys where fatigue tests indicate that 
the statically stronger, but less , ductile, 
75S-T type alloy has no better fatigue 
strength than 24S-T.” I cannot agree 

3 Associate Professor of Mechanical Engineering, Mas- 
sachusetts institute of Technology, Cambridge, Mass. 

^Manager, Mechanics Div., Westinglmuse Research 
Labs., Westinghouse Electric Corp., East Pittsburgh, Pa. 

Assistant Director of Research and Chief Engineer of 
Tests, Aluminum Research Labs., Aluminum Company of 
America, New Kensington, Pa, , 


with this statement, because fatigue tests 
of rolled rod of these two alloys, made 
using the R. R. Moore type rotating- 
beam test, give an endurance limit of 
about 18,000 psi. for 24S-T and an 
endurance limit of about 22,500 psi. for 



75S-T. Fatigue tests of these materials 
in the form of alclad sheet however give 
endurance limit values of about 12,500 
psi. for both Alclad 24S-T sheet and 
Alclad 75S-T sheet. These fatigue tests 
were made using the repeated flexure 
type of fatigue machine previously 
described before this Society.® In the 
case of the alclad sheet we think that the 
fatigue strength of the cladding is a 
major influence in determining the 
fatigue strength of the materials, 

Mr. L. R. Jackson {authors clo- 
sure ). — I appreciate the helpful discus- 
sion from the various men who have 
commented on this work and wish to 
answer some of the points brought out in 
their remarks. 

Mr. Found’s comments can be 
answered as follows: 


6R, L. Templin, “The Fatigue Properties of Light 
Metals and Alloys,” Proceedings, Am. Soc. Testing Mats., 
Vol. 33, Part II, p. 367 (1933) . See Figs. 2 an4 3. 
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1. His suspicion that the sheet labeled 
as FS“la in Tables III and IV should be 
FS“lh is probably justified. We accepted 
the manufacturer's designation on this 
lot of material. 

2. As shown in the caption at the head 
of the section on corrosion fatigue, 
remarks in that section were intended to 
apply only to the alloy Jl-h so there is no 
discrepancy. 

3. The test results on bare 24S-T sheet, 
quoted by Mr. Found, are interesting 
and may indicate a difference between 
lots of material; however, in connection 
with other investigations, we have made 
extensive tests on bare 24S-T sheet and 
see no reason for adopting the values 
suggested by Mr. Found in preference 
to our own; it therefore, does not appear 
to be necessary to alter conclusion 2. 

4. We agree with the idea expressed 
by Mr. Found that stress concentrations 
occurring in actual structural parts may 
alter conclusions based on simple test 
pieces. 

In answer to Mr. Lessells’ question as 
to whether fatigue cracks in magnesium 
alloys are transcrystalline or inter- 
crystalline, I can say that we examined 
in detail only those cracks that were 
obtained under corrosion-fatigue condi- 
tions. Under these conditions, we ob- 
served both transcrytalline and inter- 
crystalline cracks. 

Mr. Peterson’s suggestion as to the 
proper method of comparing stress con- 


centration is exceedingly timely. In this 
paper we adopted the convention of 
computing the stress concentration as 
the ratio between maximum stresses for 
points on curves taken at the same stress 
ratio. This method of computation 
assigns some responsibility to the steady 
stress in determining the effective stress- 
concentration factor. Mr. Peterson sug- 
gests that the steady stress has little, if 
any, effect. In the course of extensive 
investigation, on a wide variety of ma- 
terials, we have computed stress-concen- 
tration factors by both methods, and 
have been unable to come to any clear- 
cut decision as to which method is 
correct or whether either method is 
correct for all materials. We believe 
the point is an important one, however, 
and hope that it can be clarified in the 
near future, although we are of the 
opinion that both the convention used 
by us and the one proposed by Mr. Peter- 
son are oversimplified. 

Referring to Mr. Templin’s remarks, 
at long lifetimes, it seems to be fairly 
well established that 75S-T is stronger 
than 24S-T, but at short lifetimes, which 
are really the most important, the 24S-T 
is the stronger of the two. There seems 
to be quite a fair amount of data in agree- 
ment on that. 

I wonder whether it is correct to make 
the comparison at the endurance limit, 
when a shorter lifetime is really the most 
important part of the curve. 



FATIGUE TESTS OF R.^IL STEEL UNDER COMPRESSIVE STRESS^ 
By R. S. Jensen^ and H. F. Moore^ 


Synopsis 

Occasional failures of railroad rails occur as fatigue fractures in the fillet 
joining the head and the web under a range of stress from compression to 
tension equal to about 20 per cent of the compression. There are also diagonal 
shearing stresses. 

Fatigue tests were made on T-shaped specimens cut from a rail web under 
cycles of stress varying from compressive stress to tensile stress equal to 20 
per cent of the compressive stresses. The testing machine used was a 
vibratory machine. 

The fractures for such specimens started on the compression side of the 
specimen and the compressive stresses were about 77 per cent higher than the 
stresses in specimens subjected to cycles of completely reversed bending stress. 

Tests of specimens with stamped letters at the critical section on the com- 
pression side resulted in reduced stresses at fracture. 

Although shot peening sets up longitudinal compressive stress in the un- 
stamped specimens, the fatigue strength of shot-peened specimens was approxi- 
mately 32 per cent greater than for specimens in which the surface of the 
compression side was left in the as-rolled condition. 


In the joint investigation of the break- 
age of railroad rails now in progress at 
the University of Illinois, a type of 
failure which has become of considerable 
importance is being studied. Some rails 
fail by a longitudinal fracture along the 
fillet joining the head of the rail to the 
web, as is shown in Fig. 1. These fail- 
ures occur on the side of the rail in which 
the major stress in the web is a vertical 
compressive stress. Based on a large 
number of fi.eld tests of stress pattern in 
the region where these ^%eb separation^’ 
failures occur, it is reported by G, M. 
Magee, ^ Research Engineer for the 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Special Research Associate in Engineering Materials 
and Research Professor of Engineering Materials (Emeri- 
tus), respectively, University of Illinois^ Urbana, III. 

^ Proceedings, Am, R&llw&y Engineering Assn., VoL 46, 
pp. 660-732 (1945). 


American Railway Engineering Assn., 
that in service a common range of stress 
in the head-web fillet is from a maximum 
compressive stress to a tensile stress 20 
per cent as great. Together with these 
tensile and compressive stresses, there 
are necessarily shearing stresses inclined 
to the axis of the rail. The amount of 


fatigue testing which has been done on 
metals under a range of stress in which 
compressive stress is greater than the 
tensile stress is small,® and, so far as the 


SH. R. Thomas and J. G. Lowther, “Fatigue Failure 
Under Repeated Compression,” Proceedings, Am. Soc. 
Testing Mats., Vol. 32, Part II, p. 42i (1932). Tests 
mainly on structural steel. 

S. W. Lyon, “Mechanical Properties of Rail Steel, 
Proceedings, Am. Railway Engineering Assn., Vo. 42, p. 
728 (1941). Fatigue test results of rail steel specimens 
under cycles of stress ranging from a small tensile stress to 
a large compressive stress, tests under axial loading (push- 
pull tests). This report is also printed as Reprint No, 21 
by the Engineering Experiment Station, University of 
Illinois, Urbana, 111. 
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authors know, no fatigue tests have been 
made under the range of stress used in 
the tests' described in this paper. 

Test SPECimNS 

The test specimens for this study were 
machined from vertical strips cut from 
the web of a 112'lb. rail In order to 
insure failure starting in a region of high 
compressive stress, as it has occurred in 



Fig. 1. — Fatigue Crack in the Head-Web 
Fillet of a Railroad Rail. 

WL indicates the wheel load on the rail. 

Note that the crack is on the compression side of the web. 


the maximum tensile stress on the top 
surface of the stem equal to 20 per cent 
of the maximum compressive stress. 
The shape and dimensions of the speci- 
men limited the maximum tensile stress 
on the bottom of the specimen to 57 per 
cent of the maximum compressive stress 
on the top surface of the specimen; and, 
in all fatigue failures during the tests on 
specimens of this shape and size, the 
fatigue crack started on the top surface 
of the T, on the ^^compression side’’ of 
the specimen. 

In some of the specimens the |-in. top 
surface of the stem was left in the as- 
rolled condition, in some specimens it 
was left in the as-rolled condition with 
the imprint of a steel-stamped number 
at the critical section, and in still other 
cases the specimen was shot-peened over 
both top and bottom surfaces. Two 
sets of specimens were tested with the 
critical section in the shape of a rectangle 
(sides of flange of T-section milled off) 
under cycles of reversed flexural stress. 
One of these sets had polished surfaces 
at top and bottom, and the other had 
one surface left in an as-rolled condition. 
In all cases the thickness of the specimen 
was very nearly the full thickness of the 
web of the rail. 
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Fig. 2. — ^T-Section Flexural Fatigue Specimen. 


a rather large number of rails in service, 
the specimens were designed with a 
T-shaped minimum cross-section as 
shown in Fig. 2. From the rectangular 
atrip cut from the rail, part of the metal 
was milled out on both sides leaving the 
stem of the T in the middle. These 
specimens were tested as cantilever 
beams in partially reversed flexure, with 


Method of Test 

All specimens were tested in two vibra- 
tory type fatigue machines built in the 
shops of the Talbot Laboratory. Figure 
3 shows these machines. Before testing, 
each specimen was calibrated by dead 
weights as a dynamometer which indi- 
cated bending moment and consequently 



Fig. 3. — Vibratory Flexure Testing Macbines. 


Fig. 4.— EtcFed T-Section Fatigue Specimens. 

The stamped specimens in this figure''ran out to 10,000,000 
cycles of stress without failure. 
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nominal stress for any range of ampli- 
tude of vibration wbicli may be set up 
by the variable-throw crank of the test- 
ing machine. The machines were run at 
800 rpm., and by comparing measure- 
ments of the deflection of the specimen 
when the machine was running and when 
it was turned over by hand, it was found 
that the difference in deflection of speci- 
men was very small. During all tests, 


specimen probably was below the yield 
strength of the steel, the modulus of 
elasticity of the steel was not appre- 
ciably changed, and the deflection of the 
specimen may be regarded as a reliable 
measure of the stress. For the tests 
running under 500,000 cycles of stress, 
the actual stress is somewhat less than 
that indicated by the deflection of the 
specimen. 


Fig. 5. — Side View of Crack in Shot-Peened T-Section Fatigue Specimen (X8.6). 

pencil lines drawn on specimen to aid in locating the crack when viewed through the microscope. 
.4 BCD locates the upper edge of the (curved) flange of the T-section specimen. 

Photograph by C. W. DolUns 


The fatigue crack starting on the com- 
pression side of the specimen spread 
much more slowly than a crack starting 
on the tension side. The following ten- 
tative explanation of the progress of a 
fatigue crack starting in a region of high 
compression is offered. The crack starts 
under shearing stress, probably diagonal 
in direction, but once formed, the crack 
becomes a very effective stress raiser, 
and the following tensile stress of 20 per 
cent of the maximum compressive stress 


the constant ratio of maximum tensile 
stress to maximum compressive stress 
was maintained at —0.20 by stopping 
the machine at intervals, taking readings 
of deflection of specimen, and, if neces- 
sary, adjusting the throw of the crank 
or the tilt of the vise holding the speci- 
■.men,': 


Results oe Tests 

For the tests running to 1,000,000 or 
more cycles of stress, the stress in the 
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may well be increased to 50 or even to 
60 per cent. THs is sufficient to cause 
the crack to spread and to foUow at 
right angles -to the direction of the maxi- 
mum tensile stress, which, incidentally,, 
is in the same direction as that of the 
maximum compress,ive stress. However, 
under this relatively small tensile stress, 
the rate of spread of the crack would be 
slow. Figure 4 shows top surface views 
of fatigue cracks and Fig. 5 shows a side 
view of a crack. 

Not only is the progress of the crack 
slow in a region of high compression, but, 
especially in the case of a T-shaped 
specimen, it may almost, if not entirely, 
cease to spread when it reaches the upper 
edge of the flange — if, as w'as the case for 
these tests, the testing machine is of the 
constant-deflection type. As the crack 
progresses into the specimen, the cross- 
section below the crack and the moment 
of inertia are diminished. Hence, for a 
given deflection of the specimen, the 
stress at the extreme fibers, which are 
then at the bottom of the crack and at 
the bottom of the specimen, is dimin- 
ished, — so greatly diminished when the 
crack gets down to the upper edge of the 
flange of the specimen that the stress 
may well be lower than the long-time 
endurance limit of the metal, even allow- 
ing for the stress-concentration due to 
the crack. 

As a result of these considerations, the 
criterion of failure in T-shaped flexure 
specimens in which the crack starts on 
the compression surface may well be 
taken as the first appearance of a crack, 
and checked by watching to see whether 
the crack spreads. 

Several of the specimens tested de- 
veloped more than one crack on the top 
surface. These additional cracks were 
usually small and often could not be 
seen until the specimen had been etched 
with hot hydrochloric acid. Two such 
etched specimens are shown in Fig. 4, 


and a .magnified side^ view of one un- 
etched specimen is shown in Fig. 5. 

Figure . 6 shows the results of the 
fatigue tests of specimens tested under 
range of stress from maximum compres- 
sive stress to a tensile stress 20 per cent 
as large. The middle S-N diagram 
shows the results of the tests of speci- 
mens with top surface left in the as- 
roiled condition, and the endurance 
limit under 10, OCX), 000 cycles of stress is 
seen to be 59,000 psi. 

Effect of Stamped Letters 

While stamped letters on rails are 
located along the middle of the height 
of the web rather than at the head-web 
fillet, where the troublesome service 
failures have occurred, the effect of 
stamped letters on the fatigue strength 
of the steel is of interest. A set of 
T-shaped specimens w^as prepared with 
a stamped number at the surface of the 
specimen at the minimum section. Two 
such specimens are shown in Fig. 4, 
Since the stamped letters were irregular 
in shape, some with a sharp V-notch and 
some with a rounded notch, and since 
the depth of stamping varied from 
0.014 in, to 0.60 in., the calculated 
stresses for these specimens were based 
on the full thickness of the specimen. 
As might be expected, there was con- 
siderable scatter of results for stamped 
specimens, as is shown in Fig. 6 in 
which the lower S-N diagram is for the 
stamped specimens. The endurance 
limit under 10,000,000 cycles of stress 
was about 51,000 psi. as compared with 
the endurance limit of 59,000 psi. for the 
as-rolled specimens without stamped 
numbers. 

Effect of Shot Peening 

This study of the strength of rail steel 
furnished an opportunity to try an ex- 
periment on the strengthening (or weak- 
ening) effect of shot peening on regions 
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Fig. 6. — S-N Diagrams for Fatigue Tests of T-Section Specimens in Flexure. 

Maximum tensile stress during a cycle of stress was 20 per cent of the maximum compressive stress. 



30000 ^ — > » • « ' " ■ > » "Ll . I 

.01 0.1 1.0 10 JOO 

MILLION CYCLES 


Fig. 7. — S-N Diagrams for Fatigue Tests of Rail Steel Specimens Under Completely Reversed 

Flexural Stress. 
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in steel parts where the dominant stress 
was compressive. Shot peeniiig produces 
its effects by the plastic deformation of 
metalj and after a part is shot-peened 
there remains a complex system of re- 
sidual stresses in it. In the fatigue 
specimens cut from the wub of a rail, 
shot peening left longitudinal residual 
compressive stresses in the specimen, 
and it seemed that the longitudinal 
stresses due to shot peening added to the 
compressive stresses caused by the re- 
peated cycles of vibratory loading might 
act to reduce the fatigue strength of the 
metal on the compressive side. If the 
transverse residual stresses and the vertical 
residual stresses set up close to the sur- 
face were considered as well as the longi- 
tudinal residual stresses, this weakening 
effect might wull be considered as some- 
what diminished. Moreover, the process 
of cold working changes the alignment 
and the shape of the crystalline grains, 
and, in many cases, increases the resist- 
ance of the metal to slip and cracking. 

Eight T-shaped specimens from the 
same rail as the other T-shaped speci- 
mens were shot-peened by the American 
Foundry Equipment Co. of Mishawaka, 
Ind., and tested under cycles of stress 
ranging from maximum compressive to 
20 per cent as great tensile stress. In 
Fig. 6 the upper S-N diagram shows the 
results of the tests of these shot-peened 
specimens. The endurance limit under 
10,000,000 cycles of stress is 78,000 psi. 
for the shot-peened specimens as com- 
pared with 59,000 psi. for the as-rolled 
specimens, a gain of 32 per cent due to 
shot peening. Whatever the explana- 
tion, the shot-peened specimens were 
distinctly more resistant to fracture 
than were the corresponding specimens 
' tested with surface as-rolled. 

Effect of Polishing 

For a comparison of the fatigue 
strength in regions of high compressive 


stress with the fatigue' strength in regions 
of high tensile stress, twu groups, of 
specimens were tested under cycles of 
completely reversed flexural stress. The 
critical cross-section of these specimens 
w^as rectangular rather than T-shaped. 
For one set of specimens the surface was 
left as-rolled, and for the other the sur- 
faces were polished. As shown in Fig. 7, 
the polished specimens developed an 
endurance limit of 48,600 psi. under 
10,000,000 cycles of stress, while the asr 
rolled specimens developed an endurance 
limit of 33,400 psi. That is, the polished 
'specimens showed 46 per cent greater 
fatigue strength under reversed stress 
than the specimens with as-roiled surface. 
The specimens with as-rolled surface 
tested under cycles of flexural stress 
ranging from maximum compressive 
stress to tensile stress 20 per cent as 
great developed an endurance limit 
under 10,000,000 cycles of stress which 
was 77 per cent higher than that for the 
corresponding specimens tested under 
cycles of completely reversed stress. 
Unfortunately, time did not permit the 
extension of the tests to a study of the 
effect of range of stress during a cycle on 
as-rolled, polished, and shot-peened speci- 
mens. 

Summary 

1. In this paper are reported the re- 
sults of fatigue tests of rail steel in 
which the range of stress varied from 
maximum compressive stress to a tensile 
stress 20 per cent as great. In all speci- 
mens tested under this range of stress, 
the fatigue crack started on the com- 
pression side of the specimen. 

2. The specimens of rail steel tested 
under this range of stress showud an 
endurance limit under 10,000,000 cycles 
of stress, 77 per cent' higher than for 
corresponding specimens tested under 
cycles of completely reversed stress. 
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3. Under a stress range from maximum 
compressive stress to tensile stress 20 
per cent as great, a marked reduction of 
fatigue strength was caused for speci- 
mens with stamped numbers at the 


critical section of the compressive surface 
of the specimen. 

4. Shot peening of specimens raised 
the fatigue strength 32 per cent above 
fatigue strength of as-rolled specimens, 
for this range of partially reversed stress. 



DISCUSSION 


Mr. J. O. Almen.^^ — ^The fatigue tests 
reported by Jensen and Moore are titled 
“Fatigue Tests of Rail Steel Under 
Compressive Stress.’’ ■ There is no doubt 
that portions of the specimens were 
stressed in compression, but the faEures, 
when failures occurred, were the result 
of tensile stresses. This could be readEy 
ascertained by measuring the residual 
stress in one of the specimens after it had 
been subjected to a large number of 
stress cycles, but before failure occurred. 
Such measurements would show that the 
material in the vicinity of the fractures 
had developed residual tension because 
of local yielding of the material under the 
repeated compressive stress. The speci- 
men would therefore be loaded in tension 
at the point of fracture whenever the 
external load was removed. Hence the 
fracture would actually be caused by 
repeated tensile stresses. 

In conducting these tests, the experi- 
menters attempted to determine the 
behavior of the material under arbitrary 
conditions of specimen shape and speci- 
men load. The data obtained wiU, of 
course, measure the fatigue strength 
of the material under the conditions that 
prevaEed during the test, but they will 
not necessarEy reflect the behavior of 
the same material when formed into 
another shape of specimen and subjected 
to a different loading sequence. The 
reason for this variation in material 
behavior wEl be understood when it is 
appreciated that the causes of fatigue 
faEure are more frequently found in 

i Head, Mechanical Engineering Dept., Research Labs. 
Div., General Motors Corp., Detroit, Mkh. 


(1) the shape of the specimen or machine 
element, (2) the methods that were used 
in fabrication, (3) tlie load sequence that 
is applied, and (4) the operating environ- 
ment. These factors, rather than the 
material, domhiate the|behavior of the 
specimen. 

For predicting the behavior of struc- 
tural parts or machine elements when it 
is important that we obtain the maxi- 
mum work from the material used, we 
must conduct tests on the finished 
machine element in its actual operating 
environment. This means that the speci- 
men must be tested as an integral part of 
an operating machine in normal service. 

The second best approach is, of course, 
to conduct laboratory fatigue tests on the 
finished machine element under “simu- 
lated” service conditions. This can be 
done with good accuracy if the service 
history of simEar machine elements is 
known, because we can then more nearly 
“simulate” service conditions. 

There is, of course, some advantage m 
conducting fatigue tests on arbitrary 
laboratory specimens when data from the 
actual machine parts are not obtainable, 
but it is very dangerous to assume that 
'the data obtained from the specimen 
tests can be applied in a quantitative 
sense to the structural parts made from 
the same material. This is true for all 
kinds of machine elements whether or 
not they are prestressed. I have spent 
about thirty years conducting fatigue tests 
on laboratory specimens and on machine 
elements in the laboratory and as integral 
parts of normaUy operating machines. 
I have become quite pessimistic regard- 
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ing the use that is normally made of 
lahoratory fatigue data that are obtained 
from arbitrary fatigue specimens, 
because I rarely find correlation between 
such data and the data obtained from the 
machine elements in actual service. 

It must be appreciated tliat my 
approach to the problem of fatigue is 
somewhat different from that of the 
authors. My experience has been ac- 
cumulated in industries in which it is 
necessary that we obtain the maximum 
work for every pound of material that is 
used. We may not overcome the short- 
comings of our experimental methods by 
large factors of safety. 

Chairman R. E. Peterson.^ — In addi- 
tion to making comparisons of maximum 
stress it is often important to consider 
range of stress. For the data given, the 
range of stress values are: 

1. As-rolled, compression to 

0.2 tension 59 000 X 1.2 = 70 800 psi 

2. As-rolled, completely re- 

versed 33 400 X 2 = 66 800 psi. 

3. Polished, completely re- 

versed 48 600X2 = 97 200 psi. 

4. Shot-peened, compression 

to 0.2 tension 78 000 X 1-2 = 93 600 psi. 

5. Stamped numbers, com- 

pression to 0,2 tension. . . 51 000 X 1.2 = 61 200 psi. 

Note that the range of stress is about 
the same for the as-rolled specimen 
series 1 and 2. This is also the case if we 
compare 3 and 4. The value of the work 
can be greatly increased by making tests 
of shot-peened specimens subjected to 
completely reversed stress and polished 
specimens subjected to compression to 
0.2 tension. • 

Mr. John N. Kenyon.^ — ^The state- 
ment has been made that the fatigue test 
is not a true service test. Do we have 
any laboratory technique that actually 
simulates all service conditions? It 
seems to me that while the fatigue test 
does not give all the answers, it repre- 
sents service conditions more nearly 


than the other physical tests—such as 
the tension test— upon which so much 
reliance is placed. 

Mr. J. B. Kommers^ (by letter). --Thh 
paper is especially interesting because it 
discusses tests on range of stress in which 
the maximum stress is compressive. 
It is the writer’s opinion that our knowl- 
edge of range of stress is incomplete even 
for cases in which the maximum stress 
is tensile. 

In 1927, Moore and Kommers'^ sug- 
gested a modified Johnson- Goodman 
formula for range of stress, when the 
maximum stress is tensile, as follows: 


in which 

5max= maximum unit stress in the cycle, 
S-i= endurance limit for completely 
reversed stresses, and 
r = ratio of minimum to maximum 
stress in the cycle, (r is 
negative when the stress is 
reversed.) 


In the present tests, the endurance 
limit for completely reversed stresses was 
33,400 psi. in the as-rolled condition. 
When the minimum stress was tensile 
and 20 per cent of the maximum stress, 
the endurance limit was 59,000 psi. 

Using the value for completely re- 
versed stress of 33,400 and the value of r 
equal to —0.2, the computed value of 
the maximum unit stress is : 


33,400 X 3 
2 - 1 - 0.2 


46,000 psi. 


Because the actual maximu:ti stress 
for this value of r was found to be 59,000 
psi., there is an indication here that a 
cycle with maximum stress compressive 


2 Manager, Mechanics Div., Westinghouse Research 
Labs., Westinghouse Electric Corp., East Pittsburgh, Pa. 

* Research Engineer, Columbia University, New 
york,:N.Y. 


^ Professor of Mechanics, University of Wisconsin,, 
Madison, Wis. 

6 H. F. Moore and J. B. Kormners, “The Fatigue of 
Metals,” McGraw-Hill Book Go., Inc., New York, N. Y. 
(1927). Seep. 185. 
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is not as dangerous as one with maximum 
stress tensile. 

If further tests should show that such 
behavior under compressive stress may 
be expected, to what extent would this 
invalidate the conclusion of H. J. Gough® 
that it is shear stress that initiates 
fatigue failure? 

It would probably be of interest for 
the authors to report the tensile 
properties of the steel used in their 
investigation. 

Mr. H. F. Moore {author ), — I cannot 
agree with Mr. Almen^s broad statement, 
‘The failures, when failures occurred, 
were the result of tensile stress. This 
could be readily ascertained by measur- 
ing the residual stress in one of the 
specimens after it had been subjected to 
a large number of stress cycles, but 
before failure occurred. Such measure- 
ments would show that the material in 
the vicinity of the fractures had de- 
veloped residual tension because of local 
yielding of the material under repeated 
compressive stress.” 

In the case of the long-time tests of 
the unpeened specimens, the maximum 
compressive stress was not above the 
yield strength of unpeened rail steel 
(about 70,000 psi.). In the peened 
specimens the compressive repeated 
stress was above the yield strength of 
unpeened rail steel, but probably not 
above that of the peened metal, and it 
seems very doubtful whether the cycles 
of repeated compressive stress would 
overcome the residual compressive stress 
set up by shot peening. I cannot agree 
with Mr. Alnien’s sweeping statement 
that fatigue failure is always started by a 
measurable tensile stress. 

In my opinion the cause of the starting 
of a fatigue crack in the compression 
surface zone of the specimens is far more 


s H. J. Gough, “Crystalline Structure in Relation to 
Failure of Metals — Especially by Fatigue,-’ 1933 Edgar 
Marburg Lecture, Proceedings , Am. Soc. Testing Mats,, 
Vol. 33, Part II, p. 3 (1933). 


likely to be due, to the high diagonal 
shearing stress, which is about half as 
great as the compressive stress. Ever 
since the classic studies . of Ewing, 
Rosenhain, and Hu-mfrey, made 

at the British National Physical Labora- 
tory about fifty years ago, the theory that 
fatigue fracture starts approximately in 
the direction of the maximum computed 
shearing stress has been very generally 
held by metallurgists and students of 
stress and strain, and this matter was 
very fully treated in the 1933 Marburg ' 
Lecture presented before this society by 
H. J. Gough,® then of the staff of the 
British National Physical Laboratory. 

Under some critical shearing stress, 
slip of laminae takes place along certain 
atomic planes within crystalline grains 
of the metal, with much disturbance of 
material along the planes of slip, and the 
development of cracks if the shearing 
stress is severe enough and repeated 
enough times. Quite possibly there are 
micro tensile stresses in the disturbed 
region, but these micro stresses are at 
present uncomputable, and they bear no 
known quantitative relation to the measur- 
able and computable stresses, either those 
due to repeated stress or to residual stress. 

Many observations, especially of 
fatigue fractures under cycles of reversed 
torsion, have shown cracks which started 
in the approximate direction of the maxi- 
mum computed shearing stress, and then 
as they extended into regions of tensile 
stress, even of light tensile stress, the 
shear cracks acted as stress raisers, 
which increased the tensile stress until 
it became large enough to govern the 
direction of the further spread of the 
crack. 

^ J. A. Ewing and W. Rosenhain, Philosophical Transac- 
tions, Roya.1 Soc ., 353 (1899); VoL 195, p. 279 
(i9oa). 

8 J. A. EwingandJ. C.W. Humfrey, IMd.,Vol. 200, p. 
241 ( 1902 ). 

»W. Rosenhain, Iron and Steel Inst., Vol. 67, 

Partl,p. 335 (1904). 

1® A concise summary of their work is given in J. W. Mel- 
lor, “Crystallization of Iron and Steel” Longmans, Green 
& Co., London and New York (1905). 
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- In Fig. 5 of our paper, the fatigue 
crack evidently started in the junction 
^region between peened and unpeened 
metalj and a very short diagonal crack 
in the approximate direction of the maxi- 
mum shearing stress is seen. The direct 
stress along the upper edge of the 
specimen varied from compression to 20 
per cent as much tension at first, and it 
is doubtful whether the computed tensile 
stress would have reached much higher 
values under repeated stress were it not 
for the stress raising effect of the diagonal 
shear crack. This stress raising effect 
might easily increase the tensile stress 
from 20 per cent of the compressive 
stress to 60 or even 80 per cent. This 
intensified tensile stress might then be 
thought of as the cause of the spread of 
the crack. However, I still adhere to 
the commonly accepted view that fatigue 
cracks start in a region of computed 
shearing stress approximating the maxi- 
mum computed shearing stress at any 
location. This discussion also answers 
a question raised by Mr. Kommers in 
his discussion. 

Mr. Almen’s picture of the difficulty 
of using results of conventional fatigue 
tests as a basis for design of machine 
parts is admitted to be true in many 
respects, but I do not believe the picture 
is so black as he has painted it. We 
have today considerable reliable informa- 
tion about effect of range of stress, of 
size effect of specimen, of surface condi- 
tion of specimen, and of the theoretical 
and the actual damaging effect of the 
common stress raisers, such as grooves, 
notches, holes, fillets, and screw threads, 
and it is my belief that by considering 
these, the results of fatigue tests of small 
specimens may be used as a basis for 
design. I wish that Mr. Almen would 
give a somewhat more constructive 
picture of how he takes account of service 
conditions which cannot be duplicated in 
laboratory tests, 


Mr. Almen. — ^That is a fair challenge. 
In our discussions, we should, of course, 
try to be constructive. 

It is true that in laboratory testing of 
machine elements we must try to simu- 
late service conditions. This, however, 
is not as easily accomplished as many 
investigators seem to believe, because we 
rarely know the manner or magnitude of 
service loading. Many instances can be 
cited in which wrong answers have been 
obtained from ^ ^simulated” service test- 
ing. The difficulty is not confined to 
fatigue testing but applies to tests of 
oils, fuels, tires, and paints. 

During the war, it became necessary 
to conduct fatigue tests on an aircraft 
engine connecting rod that occasionally 
failed in service. In this case, we were 
fortunate in having two of the failed 
specimens from which we could judge 
the degree of conformity of our labora- 
tory test with service conditions. 

It is not difficult to imagine the manner 
of service loading of a connecting rod in 
an aircraft engine. This machine ele- 
ment is subjected to push-and-pull loads, 
upon which are superimposed relatively 
small bending stresses. Therefore, to 
simulate service conditions, we would 
naturally apply the same kind of loads 
that occur in service. Such tests were 
applied to approximately thirty con- 
necting rods, and in no instance did the 
specimen fracture in the region in which 
fracture occurred in service, even though 
varying magnitudes of push-and-pull 
loads were applied. We eventually suc- 
ceeded in obtaining fractures identical 
with the fractures that occurred in serv- 
ice by applying small torsional loads 
without push, pull, or bending. 

It is apparent, then, that even though 
the tests are conducted on the finished 
machine elements, we are not assured of 
correct answers by “simulating’’ service 
conditions. Our chances for error are, 
however, greatly reduced as compared to 
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data that are obtained from arbitrarily 
shaped specimens tested under arbitrary 
conditions of load. The load sequence 
that is applied in service varies in an 
unpredictable manner, and the labora- 
tory operating environment is,, usually, 
of course, very different from that which 
occurs in service. 

The principal reason for misunder- 
standings among investigators in the 
service strength of machine parts is to be 
found in the importance that is attached 
to the weight and cost of the finished 
machines. We cannot use the same 
criteria for evaluating materials and 
designs that are used in heavy machine 
equipment for extremely light, high- 
speed machines such as automobiles 
and aircraft engines. In the former case, 
it is usually economical to design to low 
stresses and to use relatively low quality 
material, whereas in the latter case, we 
do not have this freedom. 

For machine parts in which it is im- 
portant to design to the absolute mini- 
mum of weight, we must not only use 
clean metals — which, incidentally, is 
one of the things that can be determined 
by the usual laboratory fatigue test- - but 
we must exercise rigid control over the 
fabrication processes, which often are 
far more important than the quality of 
the material that is used. 

Many of the processes that we are now 
employing to improve the fatigue 
strength of machine elements were not 
readily accepted by our engineers and 
metallurgists because they came to us 
from the wrong side of the track. Such 
processes as pressure rolling of shafts 
and peening of springs and other machine 
elements have been known and have been 
practiced for a great many years, but our 
designers and metallurgists have given 
them scant attention because our stress 
theories are based upon test data ob- 
tained from static tests, under which 
conditions these cold working processes 
are usually harmful 


I think that we do not pay enough 
attention to the performance of machine 
elements in actual service. If we had 
the means to accumulate data on the 
fatigue failures that occur in actual 
service, we would make more rapid 
progress than can be accomplished by 
our present procedures. 

In spite of the vast amount of labo- 
ratory data that has been recorded over 
the years, we actually have little informa- 
tion that is useful to the designer as. 
indicating the actual operating stresses 
and the best proportions for machine 
designs. It is still true that an experi- 
enced designer can make a better guess 
at the required proportions of many 
machine elements than can be obtained 
by the most elaborate calculations. 

All of this does not justify the blanket 
condemnation of laboratory tests con- 
ducted on arbitraiy laboratory specimens 
under arbitrary conditions of load. 
Such tests can be useful as indicating 
qualitative effects, but the data cannot 
be used quantitatively in machine design. 
The effect of shape, fabrication processes, 
and operating environment are so great 
as usually to dominate the behavior of 
the machine parts, regardless of material 
quality. We must continue running 
tests, but we must learn how to evaluate 
these tests in terms of the finished ma- 
chine part. When we follow these pro- 
cedures, we will find that laborator}’' 
specimens very often pla}?" ,a s.mall part in 
determining the adequacy of our designs. 

The situation in regard to the utiliza- 
tion of material is well illustrated by the, 
experiences of the several aircraft engine 
manufacturers who .built engines for 
military use. When the war began, 
four of our large manufacturers were 
prepared to deliver engines that had been 
developed over a term of years. These 
engines presumably represented the best 
possible practice in material and proc- 
essing, The fatigue capacity of , the 
material had been determined by numer- 
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ous fatigue tests, and the details' of 
design had been carefully studied for 
points of stress concentration. 

These engines were delivering about 
1000 hp. each, which represented their 
maximum capacity. The development 
on these engines continued until, at the 
close of the war, they could, if crowded, 
deliver almost 2000 hp. The modifica- 
tions that were made were so small that 
they would not be discernible upon 
casual inspection. The changes did not 
add materially to the weight of the 
engine; nevertheless, the capacity had 
been tremendously increased. 

We might assume that some errors had 
been committed in the original design, 
else it would not have been possible to 
increase the operating stress, as indicated 
by the increase in horsepower. How- 
ever, no one can be charged with errors 
in this instance. It merely represents 
the progress that is possible when fatigue 
data are obtained on the various machine 
parts in their normal operating environ- 
ment, subjected to normal operating 
stress in normal load sequence. When 
any part failed in service, a correction in 
design or processing was made for that 
particular part at the point of fracture. 
When this weeding-out process is con- 
tinued for a long enough time, many of 
the weaker sections are strengthened 
without adding weight to the sections 
that were originally sufficiently strong. 

.This -method cannot, of course, be 
applied to heavy machines because it is 
cheaper to use more material than is 
necessary in order that service failures 
may be avoided. The designer of heavy 
equipment is just as correct when he 
designs to low operating stresses as is the 
engineer who designs aircraft parts to 
high operating stresses. 

Improvement in design and processing 
of airplane engine parts is not done 
blindly. When service failures occur, 
the local stresses at the points of origin 
of the fractures are obviously too great 


A laboratory fatigue test can be devised 
by which a machine part can be caused 
to fracture in the same location and with 
the same character of fracture as oc- 
curred in service. This may require a 
loading technique differing from that 
originally assumed by the designer, but 
if the test seeks out the correct point of 
weakness, it will obviously be repre- 
sentative of the service loading. The 
stress may now be measured by any of 
the several convenient strain measuring 
devices, and corrections in design or 
processing can then sometimes be evalu- 
ated by strain measurements. In all 
cases, however, it is necessary to con- 
duct fatigue tests on the revised design, 
either by actual service use or by full- 
scale laboratory tests as have been 
described. 

Mu. C. A. Adams. — How did you 
obtain the 2000-hp. from the airplane 
engine? You cannot get 2000 hp. from 
an engine designed for 1000 hp. without 
doing one of two things — increasing the 
speed or increasing the compression. 
Which method was adopted in this 
case? 

Mr. Almen. — The increased horse- 
power was obtained principally by 
increasing the mean effective pressure, 
which means increased loads as well as 
increased thermal stresses. There was 
also some increase in speed, but this 
increased the inertia forces and hence 
increased loads. 

Another illustration may be helpful to 
show the gains that can be made from 
testing full-scale machine elements in 
actual service and in the laboratory. 
Some years ago, a well-known auto- 
mobile required a 14-in. bevel ring gear 
to drive the car. Today, this car is 
driven by a ring gear measuring only 
8J in. in diameter, notwithstanding the 
fact that it must carry higher torques 
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&,nd operate at higher speeds. The 14-m. 
ring gear was subject to failure in serv- 
ice, whereas service failures today are 
virtually unknown. This increased load 
capacity of gears is due to changes in 
design and in fabrication practice which 
were indicated by studies of service 
failures. Laboratory fatigue tests on 
full-scale parts were devised by which 
service failures were reproduced in type 
and in location, enabling the effect of 
changes in design, processing, and mate- 
rial to be studied. The materials and 
heat treatments used today are sub- 
stantially the same as were used before 
the above improvements were made, 
because the causes of failure were found 
in design and processing. 

The data obtained from such tests as 
have been described can be applied to 
similar machine elements used in the 
heavy industries field far more advan- 
tageously than can data that are ob- 
tained from arbitrary laboratory 
specimens. 

Messrs. R. S. Jensen and H. F. 
Moore {authors^ closure ). — In the tests 
described in this paper specimens were 
cut from the web of a rail, and the thick- 
ness of the specimen was only a few 
hundredths of an inch less than that 
of the web of the rail. The stress pattern 
shown by tests on rails in actual service, 
using electric resistance strain gages, 
showed that under the passage of wheel 
loads there developed a range of stress 
in tlie fillet joining head and web of rail 
varying from a maximum vertical com- 
pression to a vertical tension about 20 
per cent as great, with very small 
longitudinal stresses. In the laboratory 
test specimens, the compression face of 


the T-shaped specimen was left as roFed 
in the unpeened, specimens. . The com- 
pression side of the specimen was, ' of 
course, peened in the peened specimens. 
The fracture developed in the laboratory 
tests was of the same general type as 
that developed in service fractures, a 
crack on the compression side, spreading 
inward from the surface zone of the rail. 
These tests, seem, to the authors to be a 
pretty fair example of making and testing 
specimens so as to reproduce the stress 
conditions found in service. 

As for Mr. Almen’s general opinion of 
conventional fatigue tests, the writers 
agree with him that the results of such 
tests should not be carelessly used as a 
basis for design. We differ with him 
quantitatively in that we believe that by 
considering stress concentrations, surface 
conditions, size effects, range of stress 
and the production in the laboratory of 
the same general kind of failure as that 
found in service, such conventional 
fatigue test results may be used as a 
basis for design with a good degree of 
confidence. 

The authors note Mr. Peterson's 
suggestion that further fatigue test 
results would be valuable, they agree 
with him, and regret that there has not 
been opportunity to make the tests he 
suggests. 

In response to Mr. Kommers’ sugges- 
tion, the following range of tensile 
properties for rail steel is reported from, 
the data secured by the rails investiga- 
tion at the University of Illinois: 

Yield Strength (0.2 per cent oSset).., 63 000 to S300CI psi. 

Tensile Strength 129 000 to 146 000 psi. 

Elongation in 2 in...... 7 to 10 per cent 

Reduction of Area 13 to 18 per cent 


FATIGUE OF WOOD AND GLUED-WOOD CONSTRUCTIONS* 

By W. C. Lewis^ 


Synopsis 


This paper summarizes the experience in the fatigue testing of wood and 
glued-wood constructions at the Forest Products Laboratory. Test methods 
are presented which have been developed for making tests of wood and ply- 
wood hi cantilever bending, in tension parallel or perpendicular to the grain 
for solid or glued specimens, and on glued laminated specimens in which the 
glue joints are stressed in shear. 

The endurance limit for wood and glued-wood constructions is not indi- 
cated by tests that have continued to 30,000,000 cycles in direct-stress tests 
and to 50,000,000 cycles in cantilever-bending tests; thus, the results of fa- 
tigue tests of wood are reviewed in terms of endurance load for specified 
numbers of cycles rather than for any estimated endurance limits. Unlike 
the failures of some other materials, failures resulting from fatigue of wood 
are of the same character and appearance as those developed in static tests. 


The development of new glues, new 
manufacturing techniques, and new 
products has greatly accelerated the use 
of wood and wood-base constructions in 
structural or semistructural parts. Re- 
finements in design methods have re- 
sulted in much more closely designed 
structures and products. These re- 
finements have made necessary the in- 
vestigation of the fatigue characteristics 
of wood and glued-wood constructions. 

T. M. Barlow in a paper (1)^ published 
in 1929 stated that “Fokker’s reasons 
for retaining wood wing construction 
for monoplanes are summed up in the 
.word Tatigue.’ Claims of new materials 
to lightness must be reviewed in asso- 
ciation with their fatigue limits. Fatigue 
in properly seasoned wood is unknown.” 
The probable reason fatigue failures 
were unknown in the wood in the air- 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Engineer, Forest Products Laboratory, Madison, Wis. 

® The boldface numbers in parentheses refer to the ref- 
erences appended to this paper, see p. 832. 


craft of that day was that, with the ap- 
proximate methods of design used, actual 
stresses were usually lower than those 
that would cause failure in fatigue during 
the normal life of an airplane. 

Tests in fatigue of wood and glued- 
wood constructions have shown that thej^ 
are subject, to failures in fatigue the same 
as any other material. However, the 
amount of testing has been limited for 
the following reasons: 

1. The lower moduli of wood, as com- 
pared to metals, require much greater 
deformations for a given stress than are 
possible in most machines designed for 
metals; so special machines have had to 
be designed for testing wood. 

2. The variability of .wood is such 
that a large number of tests is required 
for each variable in a fatigue study. 

3. The shearing and bearing strengths 
of wood are low as compared to the ten- 
sile strength; so it has been necessary to 
develop special means of attaching 


814 



Lewis on Wood and Glued- Wood Constructions 


815 


specimens to the loading members of 
fatigue-testing machines. 

4. The many different commercial 
species of wood and plywood have re- 
quired large testing programs to evaluate 
the basic strength properties; so con- 
siderable emphasis has been placed on 
these studies. 

A fatigue-testing program has been in 
progress in recent years at the Forest 
Products Laboratory. Some results 
have been published and more will fol- 
low 'as testing programs are completed. 
Eleven flat-plate, cantilever-type bend- 
ing machines were acquired in 1942, and 
two direct-stress machines (each capable 
of testing two specimens simultaneously) 
in 1945. Suitable test specimens and 
test methods have been developed at the 
Laboratory for testing wmod or pl 3 nvood 
cantilever-bending specimens in the flat- 
plate machines and for making tension- 
parallel-to-the-grain, teiision-perpendic- 
ular-to-the-grain, or shear-of-glue-line 
tests in the direct-stress machines. These 
specimens and test methods are de- 
scribed in this paper, and results of the 
fatigue tests of wood and glued-wood 
constructions performed at the Forest 
Products Laboratory are presented. 

General Concepts oe Fatigue as 
Applied to Wood and Wood- 
Base Materials 

Fatigue tests are usually made in one 
of three types of machines, ( 1 ) rotating 
beam, ( 2 ) cantilever bending, or (J) 
direct stress, where the principal stresses 
are bending, compression, tension, or 
shear, either repeated or reversed. Many 
tests of metals and similar materials have 
been made on the rotating-beam ma- 
chines because this type of loading 
simulates the loading conditions of the 
material in the finished product. Ro- 
tating-beam tests generally are not 
considered applicable for tests of wood 
and wood-base materials because only 


rarely is wood used in rotating members 
or where the stresses are varied as in a 
rotating beam specimen. ' Further, be- 
cause wood may be considered ortho- 
tropic (that is, having three mutually 
perpendicular planes of elastic sym- 
metry) and because of the annual 
growth rings, it is usually desirable to 
have the cross-section of the specimens 
rectangular. 

Flat-plate cantilever-bending fatigue 
tests are generally considered more ap- 
plicable for wood and wood-base mate- 
rial than are the rotating-beam tests. 
Specimens are rectangular in cross-sec- 
tion, usually wider than high, and are 
loaded at one end and clamped at the 
other. Care is taken ' to have a large 
enough span-depth ratio so that shear 
stresses are not critical. The span- 
depth ratio, however, should be kept as 
low as possible to prevent the natural 
frequencies of the specimen from ap- 
proaching the speed of the machine; 
otherwise, resonant conditions may pos- 
sibly produce overloads or interfere with 
the proper operation of the micro- 
switches. The flat-plate fatigue ma- 
chines have the disadvantage of being 
constant-deflection- type machines ; so 
that if the specimens under test yield, 
the modulus of elasticity changes, or 
the . specimens partially fail, the ampli- 
tudes of the stress cycles change. The, 
deformation cycle required to produce 
the desired variation in stress is set at 
the beginning of the test, but there is no 
assurance that this stress cycle remains 
constant during the entire period of test. 
If the material under test is not brittle, 
the test may continue indefinitely with- 
out visible failure because of the reduc- 
tion in the stress cycle. It becomes 
necessary then arbitrarily : to . select an 
end point. Different investigators may, 
for valid reasons, select different end 
points, and because of this it is some- 
times difficult to compare results. 



816 


Lewis on Wood and Glxted-Wood Gonstedctions 




Fig. i. — Constant-Stress Type of Specimen (Between Fillets) Investigated for Reversed and 
Repeated Stress Cantilever Bending Tests* 



Fig. 2. — Reduced-Section Type of Specimen Investigated for Reversed and Repeated Stress 

Cantilever Bending Tests, 
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Fig. 3.— Constant- Width Type of Specimen Investigated for Reversed and Repeated Stress 
Cantilever Bending Tests. Beveled wood strips glued to specimen over gripped portion. 
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Wood is generally weaker in compres- tests in bending with a simple specimen, 
sion than in tension. This makes it to obtain any results where the primary 
impossible, when conducting fatigue failure is in tension rather than in com- 
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pressioiiy since, in a bending test, the 
first failure is almost invariably in 
compression. If the loading cycle is 
a reversal of stress, the specimen may 
finally fail in tension because the fibers 
are first damaged in compression. In a 
repeated loading cycle the failure consists 
of a compression wrinkle. 

Direct-stress fatigue tests generally 
are considered to be most applicable for 
wood and wood-base materials, because 
the uniformity of stress produced across 
the section of the specimen allows the 
data obtained to be used to better ad- 


machines are used or proper monitoring ' 
and shut-off mechanisms are installed 
on direct-stress testing machines, it is 
easily possible to test specimens to de- 
struction. Such a procedure has ap- 
peared desirable for testing wood and 
glued-wood constructions. 

Methods of Test Developed ; ' . 

The design of any specimen for: a 
fatigue test of wood is complicated by 
the material itself. Radii of curvature 
in transition sections or fillets must be 
kept large, otherwise premature failures 
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Fig. 4. — Constant-Width Type of Specimen as Used in All Tests Reported. Beveled wood strips 

not glued to specimen. 


vantage in fulbsized structures. Any 
desired stress or variation of stress can 
be produced by using a properly de- 
signed specimen. The only limitation 
imposed upon a direct-stress fatigue test 
is governed by the size and capacity of 
the testing machine. It is possible to 
repeat loadings in tension or compres- 
sion or to have either partially or com- 
pletely reversed tension and compres- 
sion. By designing the specimen so 
that tension or compression loadings 
will produce shear stresses, it is possible 
to test materials in fatigue in either re- 
peated, partially reversed, or fully re- 
versed shear, If constant force testing 


in shear are likely to result because of 
concentrations of stress. When the 
principal stresses are tension or com- 
pression parallel to the grain of the 
wood and there is a stress raiser, such 
as a hole or a notch present, premature 
failure in shear is likely to develop at the 
point of concentration. This was illus- 
trated in a series of static tests of box 
beams (2) which had holes in the ten- 
sion flanges. Shear failures started at 
the edges of the holes when the calcu- 
lated stress in the tension flanges was 
approximately 5600 psL, which was 
approximately 37 per cent of the ulti- 
mate strength of the flange. (C B. 
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Smith has discussed such stress con- 
centrations in wood mathematically in a 
report issued by the Forest Products 
Laboratory (3).) The importance of 
keeping stress raisers to a minimum for 
ordinary fatigue' work is shown by this 
example. 

Flat-Plate Fatigue Tests: 

Development of Specimen , — Several 
types of fatigue specimens were tried 
for the flat-plate cantilever-bending test, 
as reported b}^ W. J. Kommers (4) and 
shown in Figs. 1 to 4. The constant- 
stress (between fillets) type of speci- 
men shown in Fig. 1 and the reduced- 
section type of specimen shown in 
Fig. 2 were tried because they were 
similar in shape to specimens used in 
testing certain plastics. Fillets of dif- 
ferent radii were employed at the ends of 
the uniform strength part of the speci- 
men shown in Fig. 1. It was found that 
shear cracks formed at the edges of the 
specimen at the beginning of the fillet 
nearest the gripped end of the speci- 
men. These failures started at either 
the top or bottom surface of the speci- 
men and progressed toward the gripped 
end. In plywood specimens, the shear 
failures penetrated to the first cross-ply. 
Similar failures occurred in the specimen 
shown in Fig. 2. For this reason, the 
types of specimens shown in Figs. 1 and 
2 are not recommended. 

The specimen shown in Fig. 3 has a 
uniform rectangular cross-section with 
beveled hardwood (maple) plates glued 
to the gripped end of the specimen. 
These plates were glued to the specimen 
to prevent high localized stresses and 
crushing where the steel grips were 
applied. Gluing of the beveled pieces 
to the specimen proper proved imprac- 
tical because the glue joints failed dur- 
ing the test. The specimen shown in 
Fig. 4 was finally adopted as the most 
practical The beveled plates were not 


glued to the specimen, but wer'e merely 
inserted in the grips with the bevel 
away from the specimen. , This speci- 
men was 1 J in. wide, 8| in. long, and had 
a uniform thickness. The thickness for 
plywood was the thickness of the mate- 
rial and for the solid wood it was f in. 

Test Procedure . — In the flat-plate type 
of fatigue machine, the specimen itself 
acts as the dynamometer, for the inten- 
sity of the stress is a direct function of the 
deflection of the specimen. The testing 
procedure consists of a series of machine 
adjustments to produce deflections which 
will give the desired stresses in the speci- 
men. Figure 5 shows a flat-plate fatigue 
machine with the specimen in place 
ready fpr test. This machine has a 
capacity of 150 lb. and the eccentric is 
adjustable to provide any desired throw 
up to 2 in. The electric motor operates 
at 1790 rpm. The motion of the eccen- 
tric E is transferred to the specimen by 
the connecting rod. The specimen is 
gripped in the machine at point B and 
loaded at C, with the distance from the 
end of the grips (the point of maximum 
stress) to the center of the pin C, 6 in. 
To dampen vibrations that might be 
transmitted to the floor, the ihachine is 
bolted to a wood baseboard, which in 
turn is bolted to a block of concrete. 
The block of concrete rests on automobile 
valve springs, which are in compression. 
The micro-switches F are wired in series 
with the motor to shut off the machine 
at the end of the test. A cycle counter 
is provided on the back of the motor. 

When completely reversed stresses 
are desired, the position of the specimen 
is adjusted by the nut G until the posi- 
tion of the loaded end of the specimen 
coincides with the pin C when the cam 
is in the neutral position. The specimen 
is loaded at point C with weights suffi- 
cient to produce the desired stress in the 
specimen, the deflection of the specimen 
noted by means of the dial A, and the 
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weights removed. Next, the connecting cycle counter is noted, and the test 
rod Z> and specimen are engaged by the started. 

pin C, and the eccentric E is adjusted For partially reversed or repeated 
until the deflection at the extreme posi- stresses, the procedure is similar. To 


Fig. 5. — Flat-Plate Fatigue Machine Used to Apply the Repeated and Reversed ^tresses, 
A — Dial to establish deflection to be reached in each cycle 
jB— Grips 

C-— Connecting-rod pin 
jD— -Connecting rod 

jS — Adjustable eccentric to provide desired throw 
F — ^Micro-switches 

G — ^Nut to adjust neutral or mean stress position of specimen 
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Fig. 6 . — Tension-Parallel-to-the-Grain Specimen. 


tion of the cam produces the same read- 
ing as when the specimen was loaded 
with the weights. The dial is removed; 
the positions of the micro-switches F 
are set with ''feeler'^ gages to a pre- 
determined clearance; the reading of the 


determine the initial position of the 
specimen with the eccentric in the neu- 
tral position, the specimen is loaded to 
correspond to the desired mean stress, 
after which the specimen is loaded to the 
desired maximum stress by additional 
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weights and the ' eccentric adjusted to 
give .a maximum throw equal to that 
deflection. 

One of the necessary mechanisms for 
any fatigue testing machine is a device 
that will stop the machine when fracture 
of the specimen occurs. Several types 
of shut-off switches that have been used 
successfully in testing plastics or metals 
are actuated by the free swing of the 
connecting rod when the specimen breaks 
into two pieces. Such a switch is not 
satisfactory for tests of wood or wood- 
base materials where the specimen does 
not completely fracture. It was, there- 
fore, necessary to devise a different type 
of shut-off that would stop the machine 



Fig. 7. — Tension-Perpendicular-to-the-Grain 
Specimen. 

when the outside fibers of either the top 
or bottom of the specimen failed. Mi- 
croswitches placed on each side of the 
specimen at midspan as shown in Fig. 5 
were adjusted so that at each extreme of 
deflection the actuating element cleared 
the specimen by a small amount. Ex- 
ploratory tests to determine the appro- 
priate gap or clearance between micro- 
switch and specimen were made with a 
completely reversed stress cycle. From 
the results of these tests, it was decided 
that a change of 0.003 in. in the deflec- 
tion at midspan would be considered to 
constitute failure and in subsequent tests 
the microswitches were set so that this 
change would shut off the machine. 
Smaller gaps proved too sensitive to 
outside disturbances, and larger gaps 


resulted in failures considerably further 
progressed than initial failure. 

Direct-Stress Fatigue Tests: 

Development of Specimens —Specimens 
and methods of tests have been devel- 
oped for making direct-stress fatigue 
tests in tension parallel to the grain, 
in tension perpendicular to the grain, 
and on a typical glue joint with the glue 
line stressed in shear. Drawings of 
these specimens are presented in Figs. 
‘6 to 8. The tension-parallel- to-the- 
grain specimen in Fig. 6 is 30 in. long 
and has a minimum cross-sectional area 
of I sq. in. The minimum section is 5 
in. long because in a current series of 
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Fig. 8.— Laminated Glue Shear Specimen. 

tests it was desired to include specimens 
with a glued scarf joint having a 1:8 
slope in addition to other specimens. 
Such a scarf joint, when made across 
the |-in. dimension, requires a minimum 
length of 4 in. The tension-perpendicu- 
lar-to-grain specimen shown in Fig. 7 
has a reduced section in one direction 
only; the thickness is uniform. The 
glue-shear specimen^ shown in Fig. 8 
was designed to obtain information on 
the fatigue behavior of a glued joint 
when stressed in shear. 

A difficulty in making direct-stress 
fatigue tests of wood is the proper grip- 
ping of the specimens. Wedge grips as 

® This specimen is similar to a specimen developed by 
D. G. Radway and N. V. Poletika of Curtiss- Wright 
Corp. and discussed in their Report No. WE-ll-M-10, June 
7 , 1944 . 
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Fig. 9.— Tension-Parallel-to-the-Grain Speci- 
men, in 4000-lb. Direct-Stress Fatigue Machine, 
Showing Self-Aligning, Pin-Connected Fittings 
and Steel Plates Which Transmit the Load from 
the Loading Screws to the Specimen. 

grasses. This difficulty was resolved 
satisfactorily by gluing steel plates to 
the ends of the specimens. Thin sheets 
of yellow birch or walnut veneers with 
the grain parallel to the direction of 
applied load are glued to each face of the 


Fig. 10. — ^Tension-Perpendicuiar-to - the - Grain 
Specimen in 4000-lb. Direct-Stress Fatigue 
Machine, Showing Seif- Aligning Pin-Connected 
Fittings and Steel Plates Which Transmit the 
Load from the Loading Screws to the Specimen. 

and glued to another specimen. This 
enables the plates to be used twice for 
each gluing in a hot press. Because the 
specimens are not subjected to high 
temperatures in setting the glue with 
consequent drying, less conditioning is 
required to bring them to a proper 
moisture content for test. The plates 
are reusable so the cost is not excessive. 

Figures 9, 10, and 11, respectively, 
show tensiomparallel-to-grain, tension- 
perpendicular-tO”grain, and laminated 


used in many static tests are obviously 
not applicable; and, if bolted connections 
are used, the bolt holes tend to enlarge 
and the wood to split as the test pro- 


plates using one of the better commercial 
metal-to-wood adhesives in a hot press. 
The plates with the veneer attached are 
then glued to the specimens, using a 
cold-^setting resorcinol resin glue. This* 
method offers several advantages over 
gluing the plates directly to the speci- 
mens. After completion of one testy 
the plates are removed, turned over, 
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glue-shear specimens in the direct-stress 
fatigue machine. These figures show 
the plates glued to the specimens, and 
show the pin-connected fittings that 
transmit loads from the machine to the 
plates. 

Test Procedure . — One of the direct- 
stress fatigue machines is shown in 
Fig. 12. In this machine two specimens 
can be tested simultaneously, each to a 
maximum load of 4000 lb. Cross fittings 



Fig. 11.— Laminated Glue-Shear Specimen in 
4000-lb. Direct Stress Fatigue Machine Showing 
Pin-Connected Fittings Which Transmit the 
Load from the Loading Screws to the Specimen. 

may be used when testing a single speci- 
men to a maximum load of 8000 lb. 
Both “sides’^ of the machine are driven 
from one shaft to which the adjustable 
eccentrics are attached. The V-belt 
connects the cam shaft to the motor. 
With the four sizes of pulleys furnished, 
loads can be applied to the specimens at 
rates of 700, 900, 1050, or 1200 cycles 
per minute with the motor operating at 
1200 rpm. Two*^automatic counting 
devices, one for each side, are provided 
for determining the number of cycles to 
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which the specimens are subjected. 
The setting of the eccentric is dependent 
upon the variation in load desired. The 
mean load (preload) is applied to the 
specimen by means of the upper loading 
screw, and the desired variation for each 
cycle is applied through the reciprocating 
loading arm which is attached to the 
adjustable eccentric by the vertical 
connecting rod. 

The other direct-stress fatigue ma- 
chine is similar to the 4000-lb. machine, 
except that two specimens can be tested 
simultaneously to a maximum load of 
10,000 lb. each. Because it is larger 
and has greater mass, it is operated at 
rates of 500, 700, or 900 cycles per 
minute. 

The static loads on the specimens are 
determined from readings of the load- 
indicating dial bar (Fig. 12, F). The 
dial measures the deflection of the 
cantilever loading arm, which deflection 
is directly proportional to the load. 
(This dial bar is removed when the 
machine is running.) Due to inertia 
effects in the arm and other moving 
parts, however, the difference in dynamic 
load from mean to maximum and from 
mean to minimum is greater than the 
indicated static differences. This dif- 
ference was found by using the electric 
strain gages (Fig. 12, D) mounted on 
the vertical flexure plates, together with 
an alternating-current, Wiieatstone- 
bridge, cathode-ray oscillograph unit 
similar to the one described by H. J. 
Grover (5). The ratio of the dynamic 
difference between maximum and mini- 
mum loads to the corresponding static 
difference was found to be a constant 
for each machine for each machine 
speed. This correction factor for the 
inertia effects has been called the ^‘dy- 
namic throw factor/V and corrections 
are made to the static-dial-bar readings 
so that the dynamic loads when the 
machines are operatiDg are the desired 
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loads. With operation at 900 cycles per fact' that the deflection^ of the reciprocat- 
minutej the dynamic throw factor for ing loading arm changes with a change 
the 4000“ib. machine was found to be in the amount of load. The amount of 
1.075 and for the lOjOOO-lb. machine, reduction in load necessary to operate 
LI 20. the relays shutting off the machines is 


Each side of the fatigue machines is 
equipped with an electronic shut-off 
mechanism (Fig. 12, i?), which turns 
off the motor when, because of yield of 
the specimen, the load decreases more 
than a predetermined amount. The 
shut-off mechanism is based on the 


determined by the setting of the cut-off 
switch, which can be adjusted so a 
reduction in load of as little as 20 lb. 
will stop the machine. Thus, it is pos- 
sible with proper monitoring to achieve 
essentially constant load. 

Because the temperature of a specimen 


Fig. 12. — Direct-Stress Fatigue Machine. 

Upper loading screw 
Specimen 

C — Lower loading screw 

D— Electric strain gages for determining corrections for dynamic effects 
E — Horizontal loading arm 

F— Calibrated dial bar for determining static loads 
G—Adjustable eccentric^ 

B — Electronic cut-off switch for stopping machine 
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tends to increase during test, and 
because wood has a low coefficient of 
thermal conductivity, fans were in- 
stalled on the fatigue machines to cool 
the specimens during test. An increase 
in temperature during test would tend 
to lower the moisture content of the 
specimen and to change its strength, 
and the adopted technique reduces the 
effects of this variable. An appreciable 
rise in temperature in test is undesirable 
also because it is unlikely to occur in 
service. 


the dial bar and Mding it to the initial 

reading. 

4. The desired variation in static load 
either side of the mean is placed on the 
specimen by proper adjustment of the 
eccentric. This is a qut-and-try pro- 
cedure, but with a little experience the 
adjustment is made in three or four at- 
tempts. The desired difference of the 
dial-bar readings is computed by multi- 
plying the difference between either the 
mean and maximum or the mean and 
minimum loads (which differences are 
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Fig. 13. — Results of Tests to Determine the Effect of 5000 Repetitions of Stress on the Breaking 
Strength of Five-Ply Sitka Spruce Plywood. 


The procedure in making a test is as 
follows: 

1. The adjustable eccentric is set at 
zero and the reading of the dial bar at 
zero load determined. 

2. The specimen (Fig. 12, B) is fasten- 
ed in the machine, and the clamping nuts 
are tightened to prevent rotation. 

3. The desired mean load is placed 
on the specimen by operating the upper 
loading screw (Fig. 12, A). The desired 
deflection reading for the indicating dial 
bar is computed by multiplying the 
mean load by the calibrating factor for 


identical) by the calibrating factor for the 
dial bar and dividing by the dynamic 
throw factor. 

5. The*' cycle counter is set at zero 
and the machine is started. 

6. The cut-off switch is next set so 
that the machine will stop if the load 
changes more than the desired amount. 

7. After approximately 1000 cycles of 
stress, the machine is stopped, the maxi- 
mum and minimum loads are checked, 
and the machine is adjusted if necessary. 

8. The machine is again started and 
monitored when necessary nntil either 
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the specimen 'fails, or 30,000,000 cycles Sitka spruce plywood comprised of 
of loading have been completed. veneers in. thick of aircraft quality. 
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Fig. 14. — ^Results of Tests to Determine Endurance of Wood and Plywood When Subjected to 
Reversed Bending Stress. Rotating-beam fatigue data were obtained from results of tests 
by F. B. Fuller and T. T. Oberg at Wright Field. 
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Fig. 15.— Results of Tests to Determine Endurance Strength of Sitka Spruce and Douglas Fir 
When Subjected to Repeated Bending Stress. 


Results oe Flat-Plate Bending 
Tests 

Effect of 5000 Cycles of Repeated Stress on 
Ultimate Strength: 

Tests were made, as reported by W. J. 
Kommers (6), on specimens of five-ply 


These specimens w’'ere loaded repeatedly 
5000 times from zero stress to a maxi- 
mum value, and immediately tested to 
destruction under static loading in the 
same or reversed direction. The results 
are shown in Fig. 13, where the maximum 
repeated stresses are plotted as abscissas 
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with the final strengths as ordinates. 
From this graph, it can be seen that 5000 
repetitions of stress to as much as 85 
per cent of the ultimate static strength 
of the controls did not affect the strength 
adversely for loading in the same direc- 
tion as the repeated loadings. This 
graph also seems to suggest that the 
final breaking strength was increased by 
the repeated loading. Some of the ap- 
parent increase may be due to a lowering 
of the moisture content of the specimens 
at the point of maximum stress by the 
drying effect of the heat evolved (these 
specimens were not cooled by a fan 
during test). Specimens tested to fail- 
ure in the opposite direction, after 
repetitions of stress exceeding 30 or 40 
per cent of the control strength had 
reduced final strengths. This was un- 
doubtedly due to the effect of compres- 
sion (due to the repeated loading) on 
the tensile strength of the extreme fibers. 
Compression failures were plainly visible 
in some specimens. Points above the 
line a-h had final breaking strengths 
which exceeded the value of the repeated 
stress, and the points below final break- 
ing strengths which were lower than 
the value of the repeated stress. 

Repeated and Reversed Stresses: 

A comprehensive series of tests ( 4 ) 
was made on specimens of Sitka spruce 
and Douglas fir wood, and on five-ply 
yellow birch and yellow-poplar plywoods. 
The total number of tests, including 
controls, was approximately 1 100. Part 
of the specimens were subjected to 
completely reversed stress (mean stress 
zero) and part to stresses repeated from 
zero to certain percentages of the modu- 
lus of rupture. The results of these re- 
versed bending tests are presented in 
Fig. 14. The two curves representing 
rotating-beam tests made by F. B. 
Fuller and T. T. Oberg at Wright Field 
are included to show that the end point 


of test selected (discussed in section on 
‘^Methods of Test Developed’^ is rea- 
sonable. The endurance load for 50,- 
000,000 cycles of reversed stress is shown 
to be approximately 27 per cent of the 
static modulus of rupture for the species 
and constructions investigated. 

The results of the repeated-bending 
tests are shown in Fig. 15. The data 
are not conclusive but suggest, for the 
Sitka spruce and Douglas fir tested, an 
endurance load for 50,000,000 cycles of 
approximately 35 to 40 per cent of the 
static modulus of rupture. It may be 
noted from Figs. 14 and 15 that the 
results of fatigue tests plotted form a 
band rather than a closely-defined pat- 
tern for an S-N curve. The spread is 
largely due to the variability of the 
strength of the material itself, rather 
than to any inconsistencies in the meth- 
ods of test. It is not possible to deter- 
mine exactly the static strengths of the 
fatigue specimens. The practice of 
closely matching the fatigue specimens 
to control specimens tends to reduce 
but does not eliminate this spread. 

Tests in repeated and reversed bending 
indicated that the endurance limit (the 
maximum stress that can be repeated 
indefinite^ without failure) does not 
occur at least before 50,000,000 cycles. 
The S-N curves tend to become asymp- 
totic to a horizontal line and are still a 
decreasing function at this limit. For 
ferrous metals, except for very high- 
strength steels, a life of 10 , 000,000 cycles 
affords reasonable assurance that the 
endurance limit has been reached. Thus 
it appears that when evaluating the 
fatigue characteristics of wood and 
glued-wood constructions, the results 
should be discussed in terms of endurance 
loads for some certain number of cycles 
of loading. Fifty million cycles have 
been chosen for the flat-plate bending 
tests. 
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Reversed Stress Supermposed on Steady 

Stress: 

Tests were made on specimens of solid 
Sitka spruce and Douglas fir (7) with a 
reversed loading cycle superimposed on a 
steady stress to simulate the action of 
gust loads on an airplane in nonaccel- 
erated flight. In one series, the mean 
stress was constant at 20 per cent of the 
modulus of rupture, and the reversed 
stress cycles covered a range from 15 


. The data for 20 per cent mean stress 
for Sitka spruce are plotted in Fig. 16. 
(A similar plot was obtained for the 
tests of Douglas fir.) This plot shows 
the endurance load for 50,000,000 cycles 
as a reversed stress of about 19 per cent, 
of the modulus of rupture superimposed 
on the mean.. This corresponds ap- 
proximately to a repeated stress cycle 
from zero to 40 per cent and is in 
reasonable ag,reement with Fig. 15. 
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Fig. 16.— Results of Tests on Sitka Spruce with the 'Mean Stress Held at 20 per cent of the Modulus 
of Rupture and the Maximum Stress Varied from 80 per cent down to 38 per cent of the 

Modulus of Rupture. 


to 60 per cent of the modulus of rupture, 
thus giving maximum stresses that varied 
from 35 to 80 per cent of the static 
modulus of rupture. In a second series, 
the maximum stress was held constant 
(60 per cent of the static modulus of 
rupture) and the midpoint of the deflec- 
tion cycle varied to give mean stresses 
equal to different percentages (0 to 30 
per cent) of the modulus of rupture. 

The first series included Douglas fir 
and Sitka spruce, and the second was on 
Sitka spruce only. . 


Similar results we,re indicated by the 
tests on Douglas fir. 

Figure 17 shows the results of a 
limited number of tests of Sitka apruce 
subjected to stress cycles having a 
maximum stress of 60 per cent of, the 
static modulus of rupture with various 
values of the mean stress. When the 
mean stress was zero, the stress cycle 
was completely reversed from 4-60 to 
— 60 per cent. When the mean stress 
was 30 per cent, the stress cycle was of 



828 


Lewis on Wood and Geded-Wood Constrdctions 


UJ 

cc 

3 
f~ 
* CL 

W 3 
a 

>■ IL 

o o 


to 


35 


30 


25 


(D 


20 


O 

S 


15 


10 


5! 


S 0= 


10 






100 


1000 


+10 

0 

-10 

-20 

-50 

-40 

-50 

-60 

10 000 100000 1000 000 




li. 2 

0 3s 

Q.<0 

1 = 
o§ 


QC ^ 
UJ ol 


2 S 

< O 
ccK 


lu jtr 
CC 3 

I— 

<n a. 


CYCLES TO SHUT-OFF, LOG SCALE 

Fig. 17.~Ttesiilts of Tests of Sitka Spruce Specimens Subjected to Stress Cycles Having tbe Same 
Maximum Stress, 60 per cent of the Modulus of Rupture, but with Varying Mean Stresses. 


300 

250 

eoo 












- 



























44 -SO 

-r//-5 

-3 (Si 

o£C/M 

fiV Ol 

0 NOT 

FAIL) 




rso 

QQ 

•jTOO 

5 rso 
•>1 

U} TOO c 

fr— 

"O — O' 

— Q- — j 


0 

o 


n 0 

~0 Q 


0 

0 ^ 

Q 

J _0 



A 



— JJ-- 














J 














A 

-a% 









J 


. . 






//•5’3 

(SF£ 



' 

lO /€ 

1 

T 1 

■s)~~ 



t-i 

Ik 



Z/M£N FAIL 

/ MILLION 

CYCLE 






r 







SLi>- 



O 

__ __ 

-Ld _L 

. 

LLlh 

Uijr-- 

r 

j ‘ 

^ sso 

^ a” 



r 

A 

A 

ti 


A J 


T 

_ A_^ 









>< 

i 550 

500 

35i 

?S7 / 
ZOND 

*AILU&S 

FAlLUSe— 

r 




> 

\ 

/! 

rF/yV. 

AL Fy 

MLUS 

£ 





THf&D FA/LUB 
FOUeTN FAfU 


— 





~~Fl/ii 


FAIL 

USE 


























450 

400 


































a ■ 4 a /^ /6 ec ea 32 

CYCierS (MiLUONS) 

Fig. 18. — ^Typical Variation of Maximum Repeated Load with Cycles of Stress for Tension-Parallel- 

to-Grain Test of Douglas Fir. 


the repeated type from zero to a maxi- 
mum of +60 per cent. At each of 
these points, the indicated endurance 
life is considerably greater than is 
indicated by Figs. 14 or 15. 


Results of Direct-Stress Fatigue 
Tests 

Tension Parallel to Grain: 

Direct-stress fatigue tests in tension 
parallel to the grain, are being completed 
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Fig. 19.“-Typical Fatigue Failure of Douglas 
Fir in Tension Parallel to Grainn Showing Extent 
of Failure at 11,000,000 Cycles (.4), and at 
14,000,000 Cycles {B) Numbers refer to sequence 
of failures. 


on specimens of Douglas fir and white 
oak. For several years, and particularly 
during the war, considerable use has 
been made of laminated construction 
in which structural members are formed 
by gluing boards together; often it is 
necessary to join boards end to end by 
means of scarf joints or joints of other 
types to make laminations of the re- 
quired length. This series of tests was 
undertaken to determine how scarf- 
jointed specimens compared with solid 
specimens when subjected to fatigue 
loadings and to obtain fundamental 
information on fatigue of wood in ten- 
sion. The slope of scarf used was 1:8, 
and it was recognized that this joint 
could not be so strong as a specimen 
without a joint. The fatigue specimens 
of solid wnod were loaded so that the 
maximum repeated loads were specific 
percentages of the strengths for solid 
control specimens, and the scarf-jointed 
fatigue specimens w'ere loaded to similar 
percentages of the strengths of the 
scarf-jointed control specimens.^ The 
ratio of the minimum to the maximum 
repeated load (range ratio) was 0.10 
for all tests. 

Figure 18 presents plots of the maxi- 
mum repeated loads as found from peri- 
odic measurements versus the number of 
cycles for two typical Douglas fir tension 
specimens. The upper graph applies to 
a specimen that was subjected to 30,- 
000,000 repetitions of 50 per cent of the 
static ultimate strength without failure 
and the lower to a specimen also sub- 
jected to 50 per cent of the static ulti- 
mate strength, which developed the first 
failure at over 8,000,000 cycles and had 
further failures until at 16,000,000 cycles 
it was no longer capable of sustaining 
the required load. Each failure stopped 
the testing machine; adjustments were 
made to bring the load back to the 
desired amount before continuing the 
test. The letter .4 indicates that either 
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the maximum or mininium loads, or 
both, were adjusted at this point in the 
test. The solid lines show the desired 
maximum repeated loads, and the dotted 
lines are reference lines 2 per cent 
above and below the desired maximum 
repeated loads. These plots show that 
practically constant loads can be main- 
tained with this machine, which applies 
essentially constant deformations. 

Failures during two stages of the test 
of the second specimen, discussed in the 
preceding paragraph, are presented in 
Fig. 19. The numbers refer to the 
sequence of failure. The illustration at 
the left shows the extent of failure at 
11,000,000 cycles and that at the right 
the extent at 14,000,000 cycles. These 


failures are typical fatigue failures in 
tension for Douglas fir and are identical 
in appearance to the static failures. 
Douglas fir, having a comparatively 
long fiber, usually has a long splintering 
type of failure in tension unless it 
has a low specific gravity or some defect 
is present. White oak has shorter fibers 
and the specimens tested had more 
brashy or square-appearing failures in 
tension parallel to the grain, but again no 
difference between the appearances of 
the fatigue and the static failures could 
be discerned. It is possible that fatigue 
failures in wood escape detection as 
such because of their similarity to 
ordinary structural failures. 

The results of these tests for both 


Fig. 20. — Douglas-Fir Laminated Glue-Shear Specimen and Typical Failure. 
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Fig. 21. — Results of Tests of Laminated Glue-Shear Specimens of Douglas Fir. The ratio 
of minimum to maximum loads (range ratio) was 0.10 for all tests. 


species, though all analysis is not com- 
plete, indicate that scarf-jointed speci- 
mens behave as well under repeated 
loadings as solid specimens. The aver- 
age endurance load for 10,000,000 cycles 
for both types of specimens of Douglas 
fir is approximately 50 per cent of the 
static ultimate strength, when the range 
ratio is 0.10. The failures in fatigue of 
the scarf-jointed specimens also have 
the same appearance as the static 
failures. 

Laminated Glue Shear: 

The tests of the glued laminated 
specimens in which the joints are stressed 
in shear are complete for one species, 
Douglas fir. A cold-setting resorcinol 
resin glue was used in fabricating these 
specimens, and again the fatigue fail- 
ures have exactly the same appearance 
as the failures due to static loadings. 
Figure 20 shows a typical failure of the 
laminated shear specimen. It may be 
noted that there was no evidence of 
deterioration of the glue and that the 


failure was almost entirely a shear 
failure of the wood. 

Figure 21 presents the S^N curve 
obtained from the tests of Douglas fir 
in glue-shear. It is a semilogarithmic 
plot with the maximum repeated loads 
expressed as percentages of the average 
static shear strength plotted to a uniform 
scale as ordinates and the cycles to 
failure plotted to a logarithmic scale as 
abscissas. The range ratio for these 
tests was constant (0.10), the same as for 
the tension-parallel-to-grain tests. The 
average static strength of the specimens 
was 750 psi. From this curve, the 
endurance load for 30,000,000 cycles is 
estimated as approximately 45 per cent 
of the static strength. This curve is 
similar to the curves for the cantilever- 
bending fatigue tests in that it does not 
indicate a definite endurance limit before 
30,000,000 cycles and further illustrates 
that the results of fatigue tests of wood 
and glued-wood constructions should be 
reviewed in terms of endurance loads 
for a specified number of cycles rather 
than for aiiy estimated endurance limit. 
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DISCUSSION 


Mk., L. R. Jackson.^^ — I should like to 
ask whether, in the study of fundamen- 
tals of wood, any work has been done on 
speed effect. Perhaps the speed at 
which these tests are run might make 
some difference. 

Me. Wayne C, Lewis {author). --The 
effect of speed of repetition of stresses in 
the fatigue of wood is probably appre- 
ciable, but no specific study of this 
phenomenon has been made to date. We 
are trying to get as much of the survey 
type of information to the industry as 
possible. The refinements will come 
later. 

The strength properties of wood are 
affected by changes in the moisture con- 
tent, The work absorbed by the speci- 
men during the repeated loading is 
dissipated mainly as heat. Wood has a 
low coefficient of thermal conductivity 
so that the rise of temperature is con- 
siderable if the rate of repetitions of load 
is high. This increase of temperature is 
noticeable at 900 cycles per minute at 
the higher levels of stress. Any increase 
in temperature in the specimen would 
tend to decrease the moisture content, 
thereby increasing the strength. 

I neglected to state in my presentation 
that we have provided fans on the direct 
stress machines to cool the specimens 
under test and thus keep the temperature 
rise to a minimum. 

In Fig. 13, it appeared that the 
strengths of the Sitka spruce plywood 
were greater after 5000 repetitions of 
stress than before. Small coupons were 


1 Supervisor, Battelle Memorial Institute, Columbus, 
Ohio. 


cut from the specimens at the point of 
failure, and from the moisture-content 
determinations it was found that the 
moisture content was lower at the points 
of maximum stress. This probably ac- 
counts for the apparent increase in 
strength and illustrates that the speed 
effect would be considerable for wood. 

The idea of cooling the specimens 
under test appears to be a good one for 
tests of wood, where the heat generated 
would tend to dry out the specimens, or 
for tests of plastics where an increase of 
temperature would change the elastic 
properties of the material. 

Mr. F. R. Shanley.2 — I should like 
to know whether the failure you referred 
to is actually a shear failure in some cases. 
It may have been a cross-grain failure, 
particularly for the specimen with the 
hole. 

If the so-called shear failure progressed 
through the center of the hole, and the 
hole was in the middle of the specimen, 
it is diJB&cult to see how there could have 
been a shear stress there. 

This is of special interest in connection 
with metals, because, as you know, there 
are certain types of metals which have 
much lower properties across the grain 
than with the grain. 

Mr. Lewis. — ^When the primary stress 
is in shear it is often difficult to deter- 
mine the fundamental mode of failure. 
Actually, what is apparently a shear 
failure may be a combination of shear and 
tension perpendicular to grain. A shear 
stress can be resolved into diagonal 
compression and tension, and if the ma- 

2 Lockheed Aircraft Corp., Burbank, Calif. 
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terial is relatively weaker in these direc- 
tions it will be reflected in the mode of 
failure. 

In the case of the hole in the tension 
flange of the box spar, the shear failures 
were approximately tangent to the hole, 
started at the hole and progressed longi- 
tudinally as the test continued. If the 
grain were straight and parallel to the 
length of the flange, we had a slot the 
diameter of the hole wide throughout 
the critical section of the beam at the 
final failure in tension parallel to the 
grain. 

This is discussed in detail in Forest 
Products Laboratory Report No. 1510, 
‘The Effect of Elliptic or Circular Holes 
on the Stress Distribution in Plates of 
Wood or Plywood Considered as Ortho- 
tropic Materials, by C. B. Smith, and 
in Report No. 1513, “Effects of Certain 
Defects and Stress-Concentrating Fac- 
tors on the Strength of Tension Flanges 
of Box Beams, by W. C. Lewis, T. B. 
Heebink, and W. S. Cottingham. 

Mr. John M. Lessells.® — In the case 
of the failure of metals considerable light 
has been thrown on the mechanism of 
failure by the combined efforts of the 
metallurgist and engineer. The users of 
the microscope and X-ray have added 
considerably to our knowledge on the 
mechanism of failure of metals. 

In the case of wood the problem is 
more complex and it would be interest- 
ing to know to what extent these tools 
have been used for analyzing the failure 
of wood. 

A further point is that in the case of 
steel and concrete we are dealing with 
artificial products whereas wood is a 
natural product. The question is 
whether we are going to improve this 
product of nature either during growth 
or by impregnation with plastics at a 
later stage. 

s Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 


Chairman R. E. Peterson.^^ — I think 
Mr. Lessells has raised a very, interesting 
question, involving fundamentals of fail- 
ure. 

I think most of you could not help but 
notice, from one of the figures, that the 
shape of the fatigue curve for wood was 
almost the same as you might get for 
aluminum alloys, or many other metals, 
as far as that is concerned. 

We have seen many theories as to what 
governs the shape of these curves, these 
theories being made by people who work 
with metals, involving grain size, cold 
working and so on. We must realize 
that such theories will not apply to all 
materials, and here is a material which 
must have a quite different mechanism 
of failure. 

Mr. Lewis. — Many theories have 
been advanced on the development of 
fatigue failures and several good tech- 
niques have evolved for determining the 
extent of damage due to fatigue loading 
of metals. How these techniques may 
be used in the study of fatigue of wood is 
not known. The press of other work has 
prevented any study of the mechanics of 
the fatigue failures of wood. 

Because thin sections of wood are 
translucent and light will pass through 
them, it may be possible to get consider- 
able information on the phenomenon of 
failure from microscopical studies. For 
example, some species of wood sometimes 
have minute compression failures put in 
them during growth by snow or wind 
loads, or at the time of felling by falling 
against or across another tree. These 
pre-existing compression failures are 
detected easily when viewed under a 
microscope with polarized light. 

Mr. J. 0. Almen.® — I should like to 
know the extent of the variability which 
exists under static loading. What would 

■* Manager, Mechanics Div., Westinghouse Research 
Labs,, Westlnghouse Electric Corp.jJEast Pittsburgh, Pa. 

Head, Mechanical Engineering Dept., Research Labs. 
Div., General Motors Corp., Detroit, Mich, 
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be the amount of scatter if the fatigue 
tests were carried back to a small number 
of stress cycles — for example, ten to one 
hundred cycles? We have run a large 
number of fatigue, tests on cast iron, and 
we find the variability to be great — some- 
thing on the order of ten or twenty to 
one. In a tension test on cast iron, the 
scatter would be relatively small. 

In the case of wood, is the scatter 
greater at a single load application than 
under repeated loadings? For all metals 
used in machine structures, the scatter 
under repeated loadings is far greater than 
under static loading. Since all these ma-" 
terials have some ductility, local high 
stresses are adjusted by yield so as to 
avoid the notch effects that occur under 
conditions of fatigue. Therefore, the 
variation in the static strength is small. 

Mr. Lewis. — Because wood is a 
natural material that is formed during 
many years of growth, many things are 
likely to affect its strength and consider- 
able variation in results of tests can be 
expected, regardless of whether the speci- 
mens were failed by a single’ application 
of load or many. This variation is 
greater for some strength properties than 
others. 

It can be expected that the spread of 
values would be greater for the fatigue 
tests than for static tests because, in 
general, points of stress concentration 
affect fatigue values more than static 
values. Such stress raisers are prevalent 
in a natural material. 

If 15 specimens were tested in static 
bending from a single plank of wood, a 
coefficient of variation for the values of 
modulus of rupture could be expected to 


be about 10 per cent. The individual 
values might vary considerably but the 
mean value obtained would give a rea- 
sonable measure of the strength property 
for the plank. 

Mr. Jacques L. Bieneait.® — When I 
was working at the Forest Products 
Laboratory in 1923 and 1924, I found 
myself caught in the lure of trying to find 
out something about the relation of 
timber failure to the structure of the 
timber. 

As I was working there only about 10 
months, I had the opportunity then to 
complete only a study"^ in a certain 
limited number of timbers. However, 
I can assure you that this lure, of trying 
to know the why and the how of failure, 
in that particular field of timber, has 
never left me. 

Fortunately in your own country 
there are many people who work in this 
particular field, in universities and lab- 
oratories, and it is also being continued 
at the Forest Products Laboratory. 

Of course, the field of commercial tim- 
ber is so large that the problem necessar- 
ily has to be limited, and the time that 
any one man can put in, in this field, is 
also a limitation to obtaining a solution. 
However, we have with timber the pos- 
sibility of looking at specimens and slides, 
with the help of microscopic slides and 
the polarized light microscope. 

I do think progress will be made along 
those lines in the future, when the efforts 
of the world scientists are combined. 

6 Partner, Messrs. Koning and Bienfait, Materials 
Testing Labs., Amsterdam, Holland. 

'Jacques L. Bienfait, “Relation of the Manner of 
Failure to the Structure of Wood Under Compression 
Parallel to the Journal of Agricultural Resear ch^ 

Vo1.33,No. 2 (1926). 



INVESTIGATION OF MATERIALS FOR MARINE PROPELLERS’^ ^ 
By William C. Stewart^ and W. Lee Williams^ 


Synopsis 

TMs paper presents the results of tests on 32 materials, mostly cast, which 
have been used or proposed for use in marine propellers. The tests have in- 
cluded determinations of the chemical compositions and mechanical proper- 
ties. In addition, the alloys have been examined from the standpoint of 
resistance to salt water corrosion, salt water cavitation, and the effects of si- 
multaneous cyclic stress and salt water corrosion. 


During the past few years renewed 
interest has been shown in the study 
of materials for marine propellers. Sev- 
eral investigations have been conducted 
to review critically some of the older, 
well-known alloys and to compare them 
with, new compositions which have been 
proposed from time to time (1,2).^ In 
the production of high-speed vessels, 
a trend toward the use of thinner blade 
sections and higher blade velocities has 
stimulated considerably the search for 
better propeller alloys. The trend has 
created a condition in which greater 
emphasis has been placed on such proper- 
ties as high strength, resistance to the 
combined effects of cyclic stress and salt 
water corrosion, and resistance to cavi- 
tation erosion (2, 3, 4, 5). The en- 
hancement of these properties has had to 
be accomplished without too much sacri- 
fice of the ease and cost of propeller 
production, fabrication, and mainte- 
nance. 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 The views presented in this paj^er are those of the au- 
thors and do not represent necessarily the opinions of the 
Navy Department. 

2 Principal Metallurgist and Metallurgist, respectively. 
Engineering Experiment Station, Annapolis, Mdf. 

8 The boldface numbers in parentheses refer to the ref- 
erences appended to this paper, see p. 845. 


This paper presents the results of a 
rather comprehensive study on the 
chemical and mechanical properties of 
a number of old and proposed propeller 
alloys. Whereas no attempt has been 
made to include all the materials which 
might be suitable, the alloys which were 
studied do represent a fairly good cross- 
section of the most promising ones 
available for the purpose intended. 

Materials Investigated 

In Table I are listed the compositions 
of the 32 materials included in the in- 
vestigation. As nearly as possible, the 
alloys are listed systematically accord- 
ing to their compositions. In certain 
instances the material* designations will 
be used for convenience in the identi- 
fication of particular materials. 

It may be noted that five of the alloys 
are manganese bronzes similar to, or 
meeting, Navy Specification 49B3. These 
five alloys represent a type of material 
that has been used in marine propellers 
for many years and thereby provide ^ an 
excellent basis for comparison with the 
other compositions. 

With the few exceptions noted in the 
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table, each material was obtained in 
the form of castings measuring about 
12 in. square and 2 to 2| in. ’thick. A 
section this size was considered to be ap- 
proximately representative of an actual 


casting can be compared with the smaller 
sections of the other manganese bronzes. 

All the materials were considered to 
be reasonably sound castings. Certain 
other alloys, originally intended for in- 






TABLE I.-MATERIAL UNDER TEST. 

Unless specified below, each material was cast in plates 12 in. square and 2 to 2)4 in. thick. 
Except as specified below, materials were tested in the as-cast condition. 


Material 

Designa- 

tion 

Type of Material 






Chemical Composition 

per cent 


i 

C 

S 

P 

Mn 

Si 

Cr 

Ni 

Cu 

Zn 

Pb 

Al 

Sn 

Fe 

Be 

Mg 

,c, ' j 

ov. ....... 

16-6 Corrosion resist- 

0.05 

0.013 

0.019 

0.48 

1.46 

16.54 

6.00 









.... 1 


ant steel 












PC 

20-10 Corrosion re- 

0.05 

0.015 

0.040 

0.52 

0.24 

20.50 

10.20 

0.14 








. 


sistant steel® 












ow 

22-11 Corrosion re- 

0 OS 

0.009 

0.033 

0.52 

1.68 

22.20 

10.88 











sistant steel 











RG 

Corrosion resistant 

0.09 

0.026 

0.018 

0.72 

0.96 

12.57 








If 




iron* 













QOA 

Cu-Zn-Sn alloy 








83.60 

14.37 


0.08 

1.64 

0.36 




QOC 

Cu-Zn-Sn alloy 








85.70 

6.22 


0.19 

7.58 

0.33 




CHC 

Mn bron25e® 




0 7R 




57.95 

.50-18 

Nil 

0.65 

0.78 

0.69 




OX 

Mn bronze (min. al- 




0.30 




56.52 

41.26 

Nil 

1.11 

Nil 

1.13 





pha) 















ov 





0.29 




57.12 

41.00 

Nil 

0.62 

Nil 

1.10 



. . .. 


metal) 











oz 

Mn bronze (beta 




1 JA 




53.20 

42.79 

Nil 

1.22 

Nil 

1.75 



• . . . ] 

PA 

phase) 

Mn bronze (SO per 




0.75 




58.30 

38.62 

Nil 

0,93 

0.46 

1.20 



i 


cent scrap metal) 















PB 

High tensile Al-Mn 




3.86 




65.30 

20-24 

Nil 

7.81 

Nil 

2.79 





bronze 















RI 

High tensile Al-Mn 




4.73 

0.02 



66.69 

21.82 


4.29 


2.45 





bronze j 









1 








QU 

Mn-Ni bronze j 




2.86 



1.72 

48.99 

44.90 



0.41 

1.12 



.... 

OUA 

Al-Ni bronze‘s 




Nil 

0.96 


3.36 

89] 90 


4.86 


0.42 




OUB 

Al-Ni bronze 




0.02 

0.88 


3.40 

90.66 



4.40 


0.11 




ADU 

Al-Ni bronze 



6.039 

0.71 

0.15 


12.70' 

84.19 



1.16 


1.05 




RD 

Al-Ni-Fe bronze 







S.03 

79.75 



10.07 


5.09 




PJ 

Ai bronze 








86.42 



10.20 

.... 

3.37 




or 

Si bronze® 




0.11 

4.23 



93.58 

Nil 



.... 

2.46 




PK 

Ni-Cu alloy 

6t8 



0.74 

0.06 


62.72 

34.76 



0.70 


0.86 




PS 

Ni-Cu alloy'' 

0.31 



0.84 

1.10 


65.67 

29.57 



0.93 


1.58 




PR 

Ni-Cu-Si alloy^ 

0.25 



0.48 

2.88 


63.00 

29-65 



1.48 


2.26i 




RE 

Ni-Cu-Si alloy 




0.62 

3.65 


66.14 

28.10 





1.49! 




PO 

Ni-Cr alloy^ 

6 .05 



1.07 

0.20 

18.04 

73.28 

2.10 



’2] 14 


3.19 




QQ 

Cu-Be alloy* 



0^025 


0.12 



97.04 





0.10 

2]9i 

6] 33 


QJC 

Cu-Ni-Be alloy! 







1.64 

97.91 





0.13 

0.31 



QV 

Cu-Ni-Be alloy^ 







1.99 

95.65 





0.19 

2.19 



QJA 

Cu-Ni-Be alloy* 







2.48 

95.09 





0.02 

2.36 



QJD...... 

Cu-Co-Be alloy® 








96.46 





0.32 

0.53 

o]i6 

2.S5 ■ , 1 

AAD 

Mn-Cu-Ni alloy 

6.09 



72.59 



9.54 

17.78 



Nil 


Nil 




AAE 

Mn-Cii alloy 

0.04 



81.51 

6!66 



18.14 



Nil 


0.25 





« Forged 

^ 8 by 214 , by 134 in. 

® From propeller section, 934 in. thick. 

® 2^-m, diameter by 24 in, heat-treated. 

? 12 by 12 by 1 in. 

■^12 by 6 by 2 in. 

^ 12 by 6 by 34 in. and 1-in, diameter by 12 in. 

^ QQ heat-treated as follows: 00-525-— 4 hr. at 525 F. 

QQ-57S— 4 hr. at 575 F. 

* Heat-treated 2 hr. 400 C. 

^ From propeller; heat-treated 4 hr. 1500 F., quenched. 4 hr. 350 C. 
” Heat treated 4 hr. 350 C. 

^ Heat-treated 2 hr. 500 C. 


propeller. It is of interest to note 
that manganese bronze material CHC 
was removed from a 9|-in. thick section 
near the hub of a large marine propeller. 
The properties obtained in such a large 


elusion in the investigation, were elimi- 
nated because of excessive porosity. 
Except as noted in the table, the various 
alloys were tested in the as-cast condi- 
tion. 
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: Methods OE Test ■ 

Mechanical Testing: 

Before the results of mechanical tests 
are presented, some of the properties 
reported will be defined and the condi- 
tions of test described. Tension and 
compression tests were made on a hy- 
draulic machine, the load scale of which 
was accurate to within 0.10 per cent as 
determined by a Bureau of Standards 
certified proving ring. Tension tests 
were made with standard 0.505~in. speci- 
mens. The proportional limit was meas- 
ured as the maximum stress which 


used for the tension tests. ' The exten- 
sion was determined by means of two 
type A Huggenberger extensometers 
mounted on opposite sides of a standard 
0.505-in. specimen. These extensome- 
ters were mated, the lever ratio for 
each being 1200: 1. Each graduation of 
the scale indicated 0.0000208-iii. exten- 
sion per inch of test length. Readings 
were estimated to one-c|uarter division. 
In making these tests it was found that 
the modulus for some of the materials 
changed slightly with the stress range. 
The modulus values reported in this 



could be applied with the strain remain- 
ing directly proportional to the stress. 
This property is a function of the sensi- 
tivity of the extensometer; hence, the 
values reported are for an instrument 
indicating to 0.0001 in. per inch of the 
test length. The proof stress is defined 
as the stress which will produce a per- 
manent set of 0.0002 in. in a gage length 
of 2 in. The yield strength values were 
obtained with an automatic stress-strain 
recorder and represent the stress at 0.5 
per cent permanent set. 

The modulus of elasticity was de- 
termined for the several materials, em- 
ploying specimens other than those 


paper are averages of those obtained 
over several stress ranges. 

The proportional limit in compression 
was measured with specimens f to 1 in. 
in diameter, the length being three 
times the diameter. The test specimens 
were mounted in a compressometer pro- 
vided with two 0.0001-in. dial gages 
located 180 deg. apart. 

Fatigue tests were made with White- 
Souther rotating cantilever machines, 
using the specimen shown in Fig. 1. 
The test length of the specimen is 
tapered conically and is so designed 
that the maximum stress occurs f in. 
out from the inner fillet; the stress varies 
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Salt Water Corrosion 
Characteristics (See Text) 

Contact pitting 

Contact pitting 

Contact pitting 

C'ontact pitting 

Slight pitting 

Slight pitting 

Severe dezincification 

Severe dezincification 

Severe dezincification 

Severe dezincification 

Moderate dezincification 
Severe dezincification 
Dezincified pitted lightly 
Intergranular corrosion 
Intergranular corrosion 

Severe dealuminization 
Slight dealuminizatioii 

Good resistance 

Good resistance 

Good resistance 

Good resistance 

c 

c 

d 

Severe intergranular corro- 
sion 

Severe intergranular corro- 
sion 

Modu- 
lus of 
Elasti- 
city, 
psi. 

X 106 

31.0 

30.8 
31.0 

31.0 
18.6 

13.1 

15.6 

15.0 

14.95 

15.3 

15.5 

16.1 

15.6 
16.1 

16.3 

15.8 
20.2 

17.4 

15.4 

25.2 

21.5 

25.9 

30.2 
27.4 

19.7 
21.0 

19.8 

i7'.2^ 

19.95 
15.0 

8.2 

Salt 

Water 

Fatigue 

Tests^, 

psi. 

21 000 
28 000 
17 500 

5 500 

6 000 

9 000 

9 000 
10 000 

12 500 

16 500 
16 000 

9 500 

8 000 

8 000 
20 000 
23 500 

13 000 

12 500 
10 000 
11 000 

13 000 
Indef. 

13 500 
IS 500 

7 700 

12 500 

7 000 

2 500 

Endur- 

ance 

Limit, 

psi. 

OOO -OOOOOOO ooooooooooooooooo -ooo o 

ooooooooooooooooo .ooo o 
0»ni0 ‘t-ioooocsio »OOW0O<MOOOOOOOOO»O«OO 'OOO o 

oooj -vot— OOONOf^ 'rC‘/^»OOOC'li«'OOOt— irjoo 'eot^oO 00 

CS PD <NI . 1-1 T-t »-t »-< CNJ »-l ■r-^ ■.-< ,r -4 *-1 r-t . *-* 

Charpy 

Keyhole 

Impact 

Value, 

ft-lb. 

O 00 tNi -ooro -(MPOOJ— « PDrcOvOvO - 00 O O vO '<*i w rO oo • v(S V 5 • 

t—t—oo •CSl'r-t •- •' 

Brinell 
Hard- 
ness, 
3000 kg. 
load 

e B a a cs c a 

^?00'OOiO'rtt'OOr«-OCiO 00(M\0 O»OO<NOOu:>'OO'OOiO'O-Hc 0O00CS in 
oiro'or-iio'oom-r^ivofo opDr'.0'Ot>-t^ocMOOfn-rHt-.r-.o\Moo*-tooo po 

yH CS ^ TH YH Y-« M (N Y-< Y-< Y-< T-l Y -1 yH Y-t Y-l Y-t (M ro Yl ro CD CSI CD tn Y-l Y-) 

Reduc- 
tion of 
Area, 
per cent 

vO(N'0\oocp>«<MtD>nOY-Y(CMor*.oO'-^csics*a'0 m 
es t-. ^Y. Y^ji Y— 1 Y-( Y-i esi es es CD y-y y-y y-s y-y y-y y-y y-y uo cd y-y y-i in »/> 

Elonga- 
tion in 

2 in., 
per cent 

>a<ooci-fTiYYHooin'0<Mi^ 'ooiC">j«YHY-ifDY+(vooooocO'a' 05 Y- 9 Y-(Y-icsieN<M r« 

Y-CNO-YjtJMY-YY-YY-CCXe^fDCD yHy-Yy-Y Y-tY-YY-YCS^i'a'CM Y-Y SO Ol 

Proportional 
Limit, psi. 

Com- 

pression 

18 400 

17 500 

18 400 

9 600 

8 600 

15 600 
14 200 
12 100 

8 900 

23 600 
38 200 

19 800 

24 900 
30 000 

21 600 

6 800 

9 200 
14 600 
13 400 
34 600 
65 200 
19 400 

97 000 
48 400 

57 900 
29 300 

Tension 

OOOOOO "OOCDO O O O O O O O O Q o o o o o o o • -ooo o 

OOOOOO -OOOO O O O O OO O Q o o o o o o o o • -ooo o 

cC'Ocsooom -o^-ccsoo cs<MOrrOoes^ooco«noc>5in»o • -ooo o 

i^fOONoot'.in "oaiooio iO'oo-efcoo.<Nir^»nocsO'!t*OY~i*HCD • !oTt<r«* cn 

yHy-Y Ttt -y-Y CMYijYCSCMCMCDCM Y-Y CDvOY-YlOCO‘-*ciYC^ 

■isd 

PNIA 

OOOOOOOOOOO oooooooooooooo O O 

ooooooooooo oooooooooooooo o o 

'0*Yj''aivooi-<iioooO'Yi''0 oDoococNvomcDcsocsoiMCMin 0\ oo 

Y-YcocDrHPD-tiYooYO-OYO »noY-YOO'noiM«nt~>*nr<<No ^ ■ > < ■ ■ oO 

•aiCDrJYOO'-lY-YrDir'JCSCSCD ’OCO'Yll'<:ll»n*YlY'Yl'CDCNi<M<Nt^OcD Y-Y y-Y 

Proof 

Stress, 

psi. 

ooooooooooo ooooooooooooooooooooo o 

ooooooooooo ooooooooooooooooooooo o 

ojooOoJoooYOiOYaYooo in»n'^cNvoovsojY-t.-Yinooo'5iYeNooioin*ncN»n o 

t-.YtiY-Yi-.oooinin'om-ai >ai<M«:*YvOCNiot^TtYcno‘n'OrSY-Yot^inese^TY-YO vo 

CNCMCSIO y-Yy-Yy-Yy-Yy-y CD'OCSCDCDCDlNT-YY-iY-YY-Y'riYCCCDOOOeSOt-YCDY-Y 

‘isd 

101 200 
79 400 
75 600 
103 400 
27 900 
21 800 
55 600 
78 800 
73 200 
85 500 
71 100 

102 800 
110 800 

87 400 
49 800 

73 400 
67 000 

88 000 
85 600 

, 49 600 

74 000 
52 400 
92 300 

136 500 
62 600 
ISO 000 
119 600 
32 100 
114 400 
107 800 
49 000 
55 200 

62 200 

Type of Material 

orrosion-resistant steel 
corrosion-resistant steel 
corrosion-resistant steel 
sion-resistant iron 
i-Sn alloy 

Q-Sn alloy 
ronze 

ronze (min. alpha) 
ronze (virgin metal) 
ronze (beta phase) 
ronze (50 per cent scrap 
al) 

tensile Al-Mn bronze 
tensile Al-Mn bronze 
i bronze 
bronze 
bronze 
bronze 
-Fe bronze 
onze 
mze 
a alloy 
a alloy 
a- Si alloy 
a-Si alloy 
alloy 
e alloy 
e alloy 
i-Be alloy 
i-Be alloy 
i-Be alloy 
o-Be alloy 
'u-Ni alloy 

'u alloy 

SAiGrtaflfl ^ 3 i ^ « « 

ii 5 !i 3 ;§<<d:<<j<c; 3 ; 2 ;^ 52 :; 2 :; 2 :ououuu;^ S 

Material 

Designation 

1 ■ • • ; '. i . ! I I I l • ! * • l ’ • . in in ; • y ; I ; 

-iNt— , • . . “ 

>o>OooWXixN 3 <i ^ 

OPMOrtao'oooom A^p 4 c>oo<p 2 ;p-iOpup.ip^p<p 4 0'ao'o>aa< -< 




1500-kg. load. ^ 

See text for significance of corrosion fatigue values. 

Light attack analogous to dezincification. 

Severe intergranular corrosion and some attack analogous to dezincification. 
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only about 1,5 per cent over a length of 
1.5 in. All specimens were finished by 
a process of alternate transverse and 
longitudinal polishing until the surfaces 
were sufiSciently smooth to permit ex- 
amination of the structure at a mag- 
nification of 100 diameters. During the 
tests made in air, the specimens were 
covered with a film of mineral oil. 

Because the various materials were 
intended primarily for use in marine 
propellers, all corrosion-fatigue tests 
were made in Severn River water, a 
brackish estuary water containing one 
third to one sixth the salinity of sea 
water, depending on the season and 
tides. In making these tests, the water 
was directed onto the test length at the 
outer fillet; the water was carried back 
to the inner fillet, thereby enveloping the 
entire tapered test length. The fatigue 
values obtained in such a manner are 
dependent on the specimen size, the 
speed of rotation, and the length of the 
run. Consequently, it must be pointed 
out that the corrosion-fatigue values 
serve only as guides for comparing the 
materials and do not represent inherent 
properties of the alloys. 

All fatigue tests were made at 1450 
rpm. and were carried out to at least 
50 million cycles. As would be expected, 
most of the castings did not exhibit the 
soundness of wrought materials, and a 
considerable number of specimens were 
required to establish the courses of the 
stress-cycle graphs. In a few isolated 
cases the curves could not be located 
with any great precision, although the 
best average value has been selected 
and recorded. Due to the great number 
of S-N curves obtained, it was not con- 
sidered desirable to present them as a 
part of this paper. 

Results oe Tests 

Results of Mechanical Tests , — ^The me- 
chanical properties of the alloys are 
recorded in Table II. Each value is an 


average of at least two determinations, 
a sufficient number of specimens having 
been tested to obtain a representative 
figure in each instance. 

Camtaiion-Erosion Tests: 

Vibratory hydraulic cavitation tests 
were made of the several materials to 
determine the relative resistances to 
cavitation damage. The actual test 
work was performed under contract by 
the Massachusetts Institute of Tech- 
nology. The apparatus employed the 
magneto-striction of a nickel tube, 
vibrated at its natural frequency by a 
tuned electromagnetic field, to provide 
the oscillations necessary to produce 
cavitation (6, 7). The tube was made of 
hard-drawn nickel about 12 in. long, 
f in. in outside diameter, with a 0.028- 
in. wall thickness. It contained a nickel 
bushing to hold the specimen at the 
lower end and a nickel wire for measur- 
ing the amplitude of vibration by optical 
means. The tube was supported in a 
vertical position by a metal ring silver- 
soldered around the center of gravity 
of the whole mass. 

The test specimen was I in. in diam- 
eter and weighed approximately 13.5 g. 
Prior to testing, the surface to be tested 
was jfinished with 00 Manning paper. 
Two specimens of each material were 
tested for 20-min. intervals for a total 
of 120 min. However, materials OV 
and PJ showed such high resistance 
to the erosion that they were tested for 
an additional 60 min. If the results 
for a pair of specimens did not show a 
fair agreement, a third specimen wa,s. 
run long enough to show the average 
behavior of the material. 

The cavMtion tests were carried out 
in sea water obtained from Boston Har- 
bor. The following conditions were 
maintained: 

Frequency of vibration, cycles 

per second. ............... 6500 ± 200 

Total motion of specimen, mm. 0.074 db 0*004 
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Static pressure Atmospheric 

Temperature of sea. water^ deg. 

Gent 2S±r(77F.) 

Air content of water, per cent 
by volume at S.T,P. (stand- 
ard conditions of tempera- 
ture and pressure) 1.3 rh 0.15 

The relative cavitation resistance ver- 
sus vibration time for the various 
samples is presented graphically in 



Fig. 2.— Hydraulic Cavitation Tests. Relative resistance versus vibration time. 

Materials designated by combination, of letters. Reference material is alpha brass. Frequency, 6500 cycles per sec. 
Water from Boston Harbor. Curves are drawn through points obtained at 20-min. intervals. 


Corrosion Tests: 

Corrosion tests were made in quies- 
cent but constantly changing brackish 
Severn River water maintained at 
80 ± 5 F. The specimens in most 
cases consisted of f-in. rounds, 3 in. 
long, partially suspended in the water. 
These were kept in corrosion for a period 


Figs. 2, 3, and 4. The relative resist- 
ance is the ratio of the weight loss for a 
standard brass sample to the weight 
loss for the test material. The refer- 
ence brass contained approximately 35 
per cent zinc and 2 per cent lead. In 
the case of material OV in Fig. 2, the 
points were so irregular that the curve 
is shown as a broken line. 


of 515 days. The severest corrosion 
for the several alloys occurred at or 
above the water line. Corrosion below 
the water line was, in general, of the 
same type, but progressed at a much 
slower rate. In the extreme right col- 
umn of Table II are presented the 
principal types of corrosion occurring 
■ for the various compositions. 
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Treatment and Discussion oe Data 

The variety of alloy compositions in- 
cluded in this investigation was large, 
thereby making comparison of the many 
properties a difficult task. The matter 
is complicated further by the fact that 
one or two properties alon§ cannot be 
set aside as the prime considerations in 
selecting propeller materials. For ex- 
ample, one engineer may look for alloys 
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Fig, 3. — ^Hydraulic Cavitation Tests. Relative 
resistance versus vibration time. 

Materials designated by combination of letters. Ref- 
erence material is alpha brass. Frequency, 6500 cycles 
per sec. Water from Boston Harbor. Curves are drawn 
through points obtained at 20-min. intervals. 

with high cavitation resistance. 
Another may place the greatest weight 
on good fatigue properties. Still another 
may insist on relatively high strength 
combined with good ductility. If the 
propeller must have thin blades, a high 
elastic modulus is considered desirable. 

In view of these facts, it was believed 
worth while to select materials with 
good all-around properties, so that these 
same materials would be adaptable for 
as many service conditions as possible. 
In making the selections, the authors 


have chosen to use an arbitrary system 
to aid in the discussion and comparison 
of the several alloys. The system of 
comparison is shown in Table III, in 
which the series of ratios are based on 
the various values for mechanical proper- 
ties and the corresponding values for 
cast manganese bronze, material OY. 
The strength values for this bronze were 
selected as standards for the reason that 



VIBRATION TIME, MIN. 


Fig. 4. — Hydraulic Cavitation Tests. Relative 
resistance versus vibration time. 

Materials designated by combination of letters. Ref- 
erence material is alpha brass. Frequency, 6500 cycles 
per sec. Water from Boston Harbor. Curves are drawn 
through points obtained at 20-min. intervals. 

the maximum experience for ship pro- 
pellers has been with this material. 
The column to the extreme right is an 
average index number, obtained by 
averaging the several ratios, and is a 
rough merit index for each composition. 

It may be noted that seven of the 
alloys possess merit numbers of 2.00 or 
higher. Among these are the three 
chromium-nickel austenitic alloys. Ma- 
terial OV had good tensile and elastic 
properties; however, its high index num- 
ber was due mainly to the unusually 
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high ratio for cavitation, resistance, 
namely, 12.4 against 1.0 for cast man- 
ganese bronze.. Even so, the cavitation 
characteristics of this material were quite 
erratic. Materials OW and PC, the 
former cast and the latter forged, have 
shown uniformly good properties 
throughout, with the tensile and elastic 
properties producing the lowest ratios. 
The high elastic moduli for the austenitic 


alloy, has shown excellent tensile 
strength and elastic properties in both 
tension and compression. The ■ alloy 
is relatively hard and has reasonably good 
ductility and notch impact resistance. 
The fatigue strength is fairly high. 
The stiffness of this alloy is comparable 
to that of the austenitic steels. Material 
RE has moderately good resistance to 
hydraulic cavitation. 


TABLE III.-RATIOS OF MF.CHANICAL PROPERTIES BASED ON VALUES FOR MANGANESE 

BRONZE, MATERIAL OY. 


Material 

Designation 

Tensile Strengtli 

Proof Stress 

Y'ield Strength 

Proportional Limit 
in Tension 

Proportional Limit 
in Compre.ssion 

Elongation 

Reduction of Area 

Cliarpy Impact 

Modulus of Elastic- 
ity 

Endurance Limit 

Corrosion Fatigue 

Cavitation Resist- 
ance 

Average Index 
Number 

QV 

1.38 

1.66 

1.50 

1.96 

1.29 

0.54 

0.85 

3.43 

2.06 

2.89 

2.33 

12.4 

2.69 

PC 

1.08 

1.46 

1.38 

1..50 

1.23 

2.62 

2.88 

3.39 

2.05 

3.39 

3.11 

3.26 

2.28 

OW 

1.03 

1.33 

1.56 

1.01 

1.29 

1.88 

2.84 

3.56 

2.06 

2.50 

1.94 

3.70 

2.06 

RG 

1.41 

4.10 

2.94 

5.36 


0.92 

1.88 


2.06 



1.52 


QOA 

0.38 

0.60 

0.50 

0.77 

6.68 

0.54 

0.46 

1.22 

1.24 

0.74 

0.61 

0.52 

0.69 

QOC 

0.30 

0.54 

0.52 

0.60 

0.61 

0.42 

0.38 

0.56 

0.87 

0.83 

0.67 

0.56 

0.57 

ox 

l.OS 

0.95 

1.04 

1,10 

1.10 

0.96 

0.85 

0.96 

1.04 

1.00 

1.00 

1.48 

l.OS 

OY 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

oz 

1.17 

0.96 

1.06 

0.90 

0.85 

1.23 

1.08 

0.96 

1.00 

1.13 

1.11 

1.39 

1.07 

PA 

0.97 

0.85 

1.10 

0.75 

0.63 

1.42 

1.27 

0.91 

1.02 

1,50 

1.39 

0.74 

1.05 

PB 

1.40 

2.10 

2.37 

2.88 

1.66 

0.61 

0.61 - 

- 0,56 

1.03 

1.94 

1.83 

2.61 

1.63 

RI 

l.Sl 

3.81 

3.23 

5.08 

2.69 

0.38 ' 

-^0.46 

0.56 

1.07 

1.78 

1.78 

6.65 

2.42 

QU 

1.19 

1.49 

1.50 

2.20 

1.39 

0.61 

0.61 

0.70 

1.04 

1.50 

1.05 

1.52 

1,23 

OUA 

0,68 

2.20 

1.66 

2.68 

l.?3 

0,15 

0.23 

0.70 

1.07 

1.67 


1.00 

1.25 

OUB 

1.00 

2.41 

1.82 

3.08 

2.11 

0.42 

0.69 

0.70 

1.09 

1.02 

6.89 

1.13 

1.36 

ADU 

0.92 

2.19 

1.56 

4.28 


0.42 

0.65 


1.05 

1.22 

0.89 


1.46 

T?n 

1.20 

1.68 

1.45 

2.44 

1.52 

0.. S 0 

0.46 


1.35 

J.55 

2.22 

6 1 3 

1 8? 

PJ 

1.17 

0.87 

1.16 

■--(,-84 

0.48 

0.92 

0.88 

0.96 

1.16 

2‘.78 

2.01 

6.87 

,1.72 

OT 

0.68 

0.80 

0.90 

0.55 

0.65 

0.61 

0.58 

0.43 

1.03 

1.67 

1.44 

1.87 

O.Q^' 

PK 

1.01 

1.16 

0.98 

1.10 

1.03 

1.85 

1.92 

1.69 

1.68 

2.00 

1.39 

0.74 

l.:i8 

PS 

0.72 

0.94 

0.90 

0.97 

0.94 

1.11 

1.19 

1.13 

1.43 

1.33 

i.ii 

0.96 

1.06 

PR 

1.26 

2.86 

2.59 

3.79 

2.44 

0.31 

0.73 

0.61 

1.73 

1.67 

1.22 

1.87 

1.76 

RE 

1 .87 

5.00 

3.68 

6.60 

4.59 

0.38 

0.58 

1.09 

2.01 

1.77 

1.44 

2.61 

2.64 

PO 

0.86 

1.91 

1.42 

1.23 

1.36 

0.15 

0.27 

, 0.48 

1.82 

2.00 


2.35 

1.26 

QO-S2S 

2.05 

4.89 


5.66 


0.08 

0.00 

0.13 

1.31 

1.94 

i'.so 

6.00 

2.36 

QQ - S 75 

1.63 

6,57 


9.17 

6,83 

0.04 

0.00 

0.17 

1.40 

1.72 1 

1.72 

1.83® 

2.92 

QJC 

0.44 

l.SS : 



3,41 

0.04 

,0.04 

0.56 1 

1.32 

0.89 

0.86 


1.01 

0 Y 

1.56 

6.25 




0.04 

0.08 







OJA 

1.47 

4.42 


4 '.40 ’’ 

V.O? 

0.08 

0.08 

o '. 26 

i '.15 

I'm 

i’39 

2 '.48 

i '.93 

QJD 

0.67 

1.90 


2.64 

2.06 

0.08 

0.15 

0.70' 

1.33 

0.78 

0.78 

0.78 

1.08 

A AD 

0.75 

0.64 

0.68 

0.77 


2.00 

2.15 


1,00 ! 

0.89 

0.28 

1 

1.02 

AAE 

0.85 

0.37 

0.64 

0.33 


1.04 

2.12 


0.55 

0.89 



0.85 


" As received, not heat-treated. 


materials are considered desirable for 
thin blade sections. A disadvantage 
of the austenitic compositions is their 
susceptibility to contact corrosion in 
sea water. These alloys would be, most 
suitable for small propellers, with pref- 
erence given to material OV, the 
16 per cent chromium, 6 per cent nickel 
composition. 

Material RE, a nickel-copper-silicon 


Material RI, a high-strength bronze, 
has a high tensile strength with good 
elastic properties in tension and com- 
pression. The ductility as determined 
by the tension test is reasonably good. 
The modulus of elasticity is slightly 
higher than manganese bronze. In addi- 
tion, the fatigue characteristics are 
considered satisfactory. 

The heat-treated copper-beryllium 
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alloy QQ has shown good strength values. 
When tempered at 525 F., the material 
obtained its maximum tensile strength; 
the higher temper, at 575 F., lowered the 
tensile strength considerably, but in- 
creased the elastic properties. Alloy QQ 
yielded excellent results in the cavitation 
test. Among the principal disad- 
vantages of the cast copper-beryllium 
are the very low ductility and impact 
values. Furthermore, this alloy would 
present a difficult welding problem 
under conditions where it was desired 
to restore eroded areas by deposition. 

There were a few other alloys which 
might be quite useful, although their 
merit indexes were not as high as the 
seven materials discussed above. Ma- 
terial RD, a modified aluminum bronze, 
showed excellent resistance to cavitation. 
It had only about one half the elastic 
property values exhibited by material 
RI, although it did have a higher modu- 
lus of elasticity. Material PS, an alu- 
minum bronze, was good from the stand- 
point of tensile, ductility, fatigue, and 
cavitation properties. When exposed 

to sea water, all three materials, RD, 

Kr^ alfdnP are subject to dealuminiza- 
tion in a manner analogous to the de- 
zincification of brass. However, they 
do resist salt-water pitting attack rea- 
sonably well 

Other than material QQ, the best of 
the beryllium alloys was the copper- 
nickel-beryllium composition QJA. All 
of the beryllium alloys had low ductilities 
and reductions of area. It is believed 
that the alloys containing beryllium 
were handicapped somewhat by poor 
casting technique. It is understood 
that the melting and casting practice 
has been improved since these test 
plates were fabricated. Moreover, con- 
siderable progress has been made in the 
preparation of master alloys containing 
beryllium. 

Au examination of Table II discloses 


that the manganese-bronze material 
CHC, obtained from a thick 

section of an actual propeller, had just 
slightly lower properties than the other 
manganese bronzes cast in plates 2 to 
2| in. thick. This seems to be a good; 
indication that the plates prepared for 
the investigation yielded properties 
which would be representative of those 
encountered in fairly large propellers. 

Conclusions 

As is usually the case with wrought 
materials, no correlation was found to 
exist between the tensile and salt-water 
corrosion-fatigue properties of the cast 
alloys. 

Judging from the test results, there 
does not appear to be any definite 
correlation between cavitation resistance 
and hardness. The maximum cavitation 
resistance was obtained with materials 
OV, PJ, QQ-525, RD, and RI. Ex- 
clusive of the copper-beryllium alloy 
QQ-525, the Brinell hardnesses of the 
aforementioned materials ranged from 
160 to 2v32. Material QQ-525 had a 
Brinell hardness of 368 to 383. 

For most of the materials, the pro- 
portional limits in tension compared 
favorably with the corresponding values 
in compression. Exceptions are noted, 
particularly in the case of alloys having' 
low elastic properties. In these cases, 
the values in compression tend to be 
higher than those in tension. 

In selecting a single material from 
all the alloys tested, the nickel-copper- 
silicon alloy RE stands out for several 
reasons: it has high strength values 
throughout, with fairly good ductility; 
the alloy is relatively hard but machin- 
able; the notch impact value is good; 
the resistance to hydraulic cavitation 
is quite satisfactory, the relative resist- 
ance being 2.61 to 1.00 as compared with 
manganese bronze; the material has 



845 


On Materials eor Marine Propellers 


shown maximum stiffness as revealed 
by the elastic modulus; and finally, there 
exists a background for casting, heat 
treating, and welding, this composition. 

The results presented in this paper 
have been used in an attempt to find 
superior marine propeller materials, 
particularly for severe service conditions. 
However, the fact that some of the 


alloys had low merit index numbers is 
not to be construed to mean that those 
alloys are of little value. Actually, 
some of them are quite worthwhile 
materials. For example, the manganese 
bronzes, with index numbers around 1.0, 
will remain among the cheapest and 
most practical compositions for use in 
the shipbuilding industry. 
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PNEUMATIC FATIGUE MACHINES'^ 


By F. B. Quinlan^ 


History 

During the war the General Electric 
Co. was forced to make fatigue tests on 
gas-turbine buckets, because a correla- 
tion between standard test specimens 
and actual bucket performance was very 
difficult to obtain. While our experi- 
ence in this work has been largely with 
gas-turbine buckets, it would seem that 
this difficulty applies to a wide variety 
of parts that are subjected to reversed 
bending stresses. The buckets have, 
roughly speaking, a crescent-like cross- 
section. In precision cast buckets, the 
metal usually has a finer grain structure 
at the points of the crescent than in the 
heavier mid-section. Grain structure 
has a pronounced effect on the fatigue 
strength and grain structure is deter- 
mined by the shape of the cast part; con- 
sequently, fatigue tests on actual buckets 
became a necessity. 

Under operating conditions, the 
buckets are subjected to periodic dis- 
turbing forces as they pass through re- 
gions of alternately high and low gas 
pressures. In view of this, it was logical 
to vibrate these buckets with an inter- 
rupted air stream.^ 

First Machine 

The first design of a pneumatic fatigue 
testing machine was crude but encourag- 
ing. It consisted of welding a bucket A 
to a 1-in. bolt head B and bolting it 
firmly to a heavy steel plate C (see Fig. 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Metallurgical Section, Works Laboratory, General 
Electric Co., Schenectady, N. Y. 

2 c. F. Jenkins and G. D. Lehman, “High Frequency 
Fatigue,” Pracceiwgs, Royal Soc., p. 83 (1929). 


1). A short rigid piston D is mounted 
on the upper or free end of the bucket. 
The axis of the piston is at right angles 
to the centerline of the bucket aiid lies 
in the plane of vibration of this center- 
line. A cylinder jB, mounted on a ver- 
tical support F, is coaxial with the piston 
D and is adjustable along a line corre- 
sponding to the axis of the piston. 
There is just sufficient clearance between 
the piston D and the cylinder £ to pre- 
vent contact under operating conditions. 

The cylinder is adjusted so that its 
open end and the face of the piston lie in 
approximately the same plane. A 
steady stream of air is admitted to the 
cylinder and the pressure is increased 
until the piston is forced away from the 
cylinder. When this occurs, the gap 
between the piston and the cylinder in- 
creases, which in turn causes the air 
pressure in the cylinder to drop. The 
spring action of the bucket, acting as a 
cantilever, then forces the piston back 
into the cylinder and the cycle is re- 
peated. It is obvious that the fre- 
quency of this cycle is determined by the 
natural frequency of the cantilever. 
The amplitude of vibration is governed 
by the air pressure. 

The bucket is heated by placing a 
cylindrical, resistance-wound furnace 
around it and closing the upper end with 
an asbestos cover. The piston support 
protrudes through an opening in the 
cover and an air deflector is put under the 
piston to prevent air from blowing down 
into the furnace. The furnace tempera- 
ture is controlled by a thermocouple 
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cemented or spot-welded to the bucket tural frequency of approximately 250 
near the region of maximum stress, cycles per second or 900,000 stress 



Fig. 1.^ — Vertical Semisection of Single Cylinder Pneumatic Fatigue Machine. 


A — ^Turbine bucket 
B — l-in. bolt 
C— Base plate 


D — Piston 
— Cylinder 
F — Cylinder support 



Fig. 2. — Schematic Diagram of Opposed-Cylinder Pneumatic Fatigue Machine. 


A— Frequency pick-up coil 
B— Amplitude measuring telescope 
C— Pistons 

B — Adjustable cylinder 
E— -Furnace 
F— Cylinder alignment 
G — Pedestal 


ff — Base plate 

J — ^Half wavelength tuning device 
jK'— Mercury manometer 
i— Pressure control valve 
M — Frequency indicator 
iV— Frequency meter 
P— Temperature control 


The amplitude of vibration is meas- 
ured optically, and the frequency is in- 
dicated by an electronic frequency meter 
with a magnetic pick-up device. 

This machine worked fairly well The 
bucket and piston assembly had a na- 


reversals per hour. Stresses were pro- 
duced up to 80,000 psi., at a total ampli- 
tude of 0.200 in. However, when test- 
ing at low stresses, below 20,000 psi., the 
amplitude was difficult to control. The 
axial position of the cylinder was very 
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critical; also, the amplitude would sud- 
denly increase and then drop back to 
normal and repeat this in a fairly 
rhythmic manner. This variation was 
noticeably in step with a very low-fre- 
quency beat note. It was later dis- 
covered that this was the result of two 
frequencies, the resonant frequency of 
the bucket assembly and the resonant 
frequency of the air column in the 
cylinder. . 

Latee. Developments 

In order to make a more stable ma- 
chine, an opposed cylinder-type driving 
mechanism was developed. Its opera- 
tion is the same except that the bucket 
receives an impulse every half cycle 
instead of every cycle. In Fig. 2, the 
two cylinders D are connected to a com- 
mon manifold, and this receives air held 
at constant pressure, from, a pressure 
control valve Z. The total air path or 
the distance from one cylinder mouth to 
the other (C around through / to C) 
was made equal to one half a wavelength, 
at the frequency of the bucket assembly, 
thereby putting the air impulses 180 deg. 
out of phase. 

This machine will produce stresses up 
to 100,000 psi. with approximately one 
fifth the amount of air used in the original 
machine. The sudden increase in ampli- 
tude noticed during the aforementioned 
beat-note effect has been put to good use. 
When the air pressure impulses are 
tuned to come at the precise instant that 
the piston C is entering the mouth of the 
cylinder D, the driving force is increased 
many times. For instance, at an am- 
plitude producing a stress of 40,000 psi., 
it is now possible to reduce the air pres- 
sure from 20 to 2 psi. The amplitude is 
remarkably steady and may be varied 
by adjusting the air pressure. Figure 2 
shows the sliding tube arrangement J 
for increasing or decreasing the length 
of the air path.. 


In going from ambient temperature to 
1350 F., the bucket frequency drops 
from 250 to approximately 210 cycles 
per second (this change varies with the 
alloy), necessitating a change in the total 
air path as follows: 


1100 ft. per sec.** 
250 cycles per sec. 

1 100 ft. per sec. 
210 cycles per sec* 


4.4 ft. or 2.2 ft. for 
wavelength at 250 
, cycles per sec. 

5.24 ft. or 2.62 ft. for 
14 wavelength at 
210 cycles per sec. 


Total increase in air path is 0.42 or 
5 in. 

An electric furnace has been designed 
which will allow tests to be made with a 
bucket temperature of 1700 F. 

By altering the design of the support, 
almost any standard test specimen may 
be run in the machine. 

This type of fatigue testing machine 
(Fig. 2) has no parts to wear out as 
nothing moves but the piece to be 
broken. It is also an extremely easy 
machine to operate. The cylinders are 
mounted on ball seats F so they may 
easily be aligned with the pistons. On 
the end of each cylinder is an adjustable 
sleeve D allowing the operator effectively 
to back off the cylinder as the amplitude 
is increased. Mounted on one of these 
sleeves is a small coil of wire A and 
a magnet used for measuring the 
frequency. 

When the bucket fails, it ceases to 
vibrate, and this produces a slight in- 
crease in the manifold pressure. A 
mercury manometer K responding to 
this pressure rise closes a contact which 
in turn operates relays that shut the 


Measurements of the total air path show that it 
exceeds the length required for a true half wavelength by 
a small amount. A thorough investigation of the pressure 
distribution throughout the tube-length indicates that 
this added length acts as an impedance matching device. 
For a maximum transfer of energy, the impedance of the 
resonant air column should match the impedance of the 
vibrating cantilever. 
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machine down and cut ofi a cycle count- 
ing mechanism. 

Current work in this field is giving 
preliminary data which indicate that by 
using a recording frequency meter, the 
chart will show what appears to be a 
point of incipient failure. The chart is 
also a permanent record of the frequency 
and time of run. 



Fig. 3 . — Schematic Drawing of Torsional 
Fatigue Machine. 

A — ^Test specimen C— -Piston 

B— Flywheel I?— Cylinder 

The curve is flat at a constant fre- 
quency for the greater part of the test, 
but for some time before a visible crack 
appears the chart reveals a gradual de- 
crease in frequency. The point at which 
this frequency deviates from a horizontal 
line’ is taken as the indication of the 
point of incipient failure. As may be 
expected, X-ray and Zyglo tests fail to 
detect any crack if the piece is examined 
at this time. However, an increase in 
the number of stress reversals will cause 


the crack to grow and later become 
visible. In some pieces an internal flaw 
may be the origin of this incipient failure 
and the crack will take longer to appear 
at the surface. 

The most recent information indicates 
that brittle materials show this point of 
incipient failure after 90 to 99 per cent of 
the total time to fracture, while in some 
of the more ductile forged samples it may 
appear at 70 per cent of the total time, 
depending upon the applied stress. The 
slope of this decreasing frequency curve 
may be taken as an indication of the 
rate of growth of a crack througti a par- 
ticular alloy at a given stress. Samples 
made from various alloys show an ap- 
preciable difference in rate of crack 
growth. This phenom enon deserves and 
will receive considerable attention in 
the future. 

Torsional Fatigue Machine 

A pneumatic torsional fatigue testing 
machine for both room and elevated 
temperatures is shown schematically in 
Fig. 3. This machine has a very stable 
driving mechanism, and, again, there 
are no parts to wear out. The test 
specimen ^ is a vertical shaft with a 
small fl3rwheel B at the upper or free end. 
On this flywheel are two pistons C di- 
ametrically opposite and with their axes 
on an arc having the same center as the 
wheel. The cylinders D are also formed 
on this same arc, so that the pistons may 
enter them without touching the walls. 
In this case, the operation is the same 
as the cantilever machine except that the 
air impulses are in phase rather than 
180 deg. out of phase. When two 
pistons are used, it is important to keep 
them in phase, otherwise a bending 
moment is superimposed on the torsion. 
It is, however, possible to use two sets of 
opposed pistons diametrically opposite 
each other and then have the cylinders 
adjusted to one half a wavelength. 
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The test specimen in Fig. 3 has a 
0.500-in. diameter by 2.5-in. long test 
section. The natural frequency of the 
test assembly is 230 cycles per second. 
The angular displacement is read 
optically and the frequency electrically. 

Fatigue of Thin Strip 

A miniature fatigue machine has been 
built. It is of the opposed cylinder 
type, but, as it is designed for vibrating 
strip 0.002 in. thick, it cannot have 
pistons because they would reduce the 
natural frequency to too low a value. 


Therefore, this is designed so as to have 
the strip act as its own piston. This 
machine has operating frequencies of 
from 300 to 1200 cycles per second, thus 
making the time of testing very short. 
Ten million stress reversals may be ob- 
tained in less than an 8-hr. day. 

The test specimen for this unit is a 
0,25-in. wide strip of the required thick- 
ness; the length may vary from 0.5 to 
1.25 in., depending upon the frequency 
desired. It is not necessary, therefore, 
to use a specially machined sample. 



DISCUSSION 


Mr. G. a. Olsen.^* — Where you said 
it was possible to reverse completely 
the stress cycle on that machine, it 
seemed to me as though the pistons on 
opposite sides of the specimen would 
direct the air pressure so that it would 
twist only in one direction. 

Mr. F. B. Quinlan { author),— In 
the torsional fatigue machine illustrated, 
it is true that there is a slight steady 
torsional stress superimposed on the 
vibratory stress, but this is completely 
eliminated in the four-cylinder machine, 

Mr. D. B. Shotwell.2 — ^At Caterpillar 
a system of automatic amplitude control 
is in use. The system operates slightly 
below resonance and changes in ampli- 
tude are brought about by changes in 
frequency of the exciting system. 


1 Bakelite Corp., Bloomfield, N. J. 

2 Research Engineer, Caterpillar Tractor Co., Peoria, 
III, 


Mr. Quinlan. — In the majority of 
cases automatic amplitude control is 
not necessary because, unlike resonance 
in an electrical circuit, the resonant 
peak in this pneumatic circuit is quite 
broad and flat; however, it is quite 
possible to install an automatic ampli- 
tude control device without going to 
much expense or trouble. 

Mr, W. T. Bean.® — How did you 
measure the frequency at operating 
temperature? 

Mr. Quinlan. — Frequency is meas- 
ured by placing a magnetic pickup device 
close to the steel pistons. This gives 
us an a-c. output at the frequency of the 
vibrating part. This signal is indicated 
on a General Radio frequency meter. 


* Research Engineer, in charge of Experimental Stress 
Analysis, Continental Aviation and Engineering Corp., 
Detroit, Mich. 



SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
TESTING OF PARTS AND ASSEMBLIES 

The Syinposium on Testing of Parts and Assemblies was held in Buffalo, 
N. Y., June 26, 1946, during the Forty-Ninth Annual Meeting of the Society. 
The Symposium was sponsored jointly by the American Society for Testing 
Materials, through its Administrative Committee on Simulated Service 
Testing, and the Society for Experimental Stress Analysis. The Symposium 
Committee was as follows: R. L. Templin, Chairman, Aluminum Company 
of America; Charles Lipson, Chrysler Corp. (President, S.E.S.A.); J. M. 
Frankland, Chance-Vought Aircraft Division of the United Aircraft Corp.; 
E, W. Upham, Chrysler Corp.; and P. G. McVetty, Westinghouse Electric 
Corp. 

The Administrative Committee on Simulated Service Testing is charged 
with the obligation of resolving many of the differences between present test 
methods and service performance. It is the aim of the Society, through the 
committee, to promote through group discussions, and symposia, a more 
thorough knowledge and realization of our exact status in the correlation 
of testing and serviceability, to the end that whatever test methods finally 
result — be they laboratory tests, simulated service, or actual service tests — 
we will be assured of their validity. 

This symposium is one of a series which have been planned, and since in 
this case the Society for Experimental Stress Analysis was directly concerned 
with the subjects being discussed, they were invited to join with A.S.T.M. 
as co-sponsors. 

The Symposium consists of the following papers: 

Introduction — L. L. Wyman 

The Fatigue Strength of Lap Joints in Some Magnesium Sheet Alloys — H. J. Grover 
and L. R. Jackson 

Fatigue Characteristics of Magnesium Castings — George H. Found * 

Endurance — A Criterion of Design— W. T. Bean 

Pneumatic Fatigue Machines — F. B. Quinlan 

Automotive Rear Axles and Means of Improving Their Fatigue Resistance — 0 . J. 
Horger and C- H. Lipson 

Stress Concentration and the Fatigue Strength of Engine Components— -Charles Gadd, 
N. A. Ochiltree, and Andrew Zmuda 

The Symposium was held in two sessions with L. L. Wyman, General 
Electric Co. (Chairman, Administrative Committee on Simulated Service 
Testing), as technical chairman of the morning session and Charles Lipson 
(President, Society for Experimental Stress Analysis) presiding at the after- 
noon meeting. 

These papers together with discussion have been issued by the A.S.T.M. 
as Technical Publication No. 72 entitled, “Symposium on Testing of Parts 
and Assemblies.’^ 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON TESTING 

OF BEARINGS 

The papers and discussions included in this session were presented as a 
Symposium on Testing of Bearings, held at the Forty-Ninth Annual Meet- 
ing of the Society in Buffalo, N. Y., June 24, 1946. 

The Symposium was sponsored by the Administrative Committee on 
Simulated Service Testing, through a special committee consisting of E. 
W. Upham, Chrysler Corp., Chairman; J. M. Frankland, Chance- Vought 
Aircraft Division of United Aircraft Corp.; and K. D. Williams, Bureau of 
Ships, U. S. Navy. 

The current interest in parts testing makes this a timely symposium. 
Since current trends in design call for economical uses of materials, with 
the corresponding elimination of high factors of safety, testing engineers 
must devise means of checking the manufactured product. Life testing 
of plain and antifriction bearings is representative of the practice of judging 
and comparing materials by testing parts and assemblies. Over a period 
of years, comparison of the results of such tests with actual field service has 
built up such a w’'ealth of correlative background that we can rely quite 
heavily on these specialized forms of laboratory testing. 

The six papers — ^which cover descriptions of the specialized test machines 
used, procedures that have been developed, and the results obtained — were 
presented by leading engineers in the field as follows: 

Introduction — E. W. Upham 

Life Testing of Plain Bearings for Automotive Engines — E. T. Johnson 

Fatigue Testing Machines for Ball and Roller Bearings — ^Thomas Barish 

Metallographic Observations of Ball Bearing Fatigue Phenomena — A. B. Jones 

Fatigue Testing of Roller Bearings — ^H. R. Gibbons 

Testing of Bearings Under Controlled Load — J. M. Frankland and C. B. Innes 

The chairman of the session was J. R, Townsend, President of the So- 
ciety, and Materials Engineer, Bell Telephone Laboratories, Inc., New 
York, N. Y. 

The papers together with discussion have been issued by the Society as 
a separate publication entitled ^‘Symposium on Testing of Bearings.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
MATERIALS FOR GAS TURBINES 

The papers and discussions included in the Symposium on Materials for 
Gas Turbines were presented at the Thirteenth and Seventeenth Sessions 
of the Forty-Ninth Annual Meeting of the Society, held in Buffalo, N. Y., 
June 24-28, 1946. These two sessions were sponsored by the Joint Com- 
mittee on the Effect of Temperature on the Properties of Metals. While 
the last three papers of the symposium do not cover gas turbine materials 
specifically, the committee in charge felt that because of their related 
interest they should be included in the Symposium, as well as in the Pro- 
ceedings. 

The coordination and interchange of information and ideas relating to the 
behavior of metals at high and low temperatures has long been one of the 
important functions of the Joint Research Committee. The committee 
has endeavored to be of service by promoting discussions and presenting 
data as early as possible in new fields of interest and application. During 
the war period, the development of the turbosupercharger, jet engine, and 
gas turbine for aircraft, rockets of all kinds, and gas turbines for ships or 
other purposes, involved the creation and development of many new^ high- 
temperature alloys. Practically all of this development was held as secret, 
confidential, or restricted, and was carried out by the Government Services, 
or under contract with these services. 

Many of the members of the Joint Research Committee, and others long 
associated with its work, were engaged wholly or in part in these develop- 
ments. Most of the high-temperature testing facilities of the country 
were assigned to this research work. 

The committee believed that it would render a useful service to all in- 
terested in such fields of application by arranging for a technical session 
devoted to a consideration of these new high-temperature alloys. 

The Symposium consists of the following nine papers: 

Introduction — -N. L. Mochei 

Heat-Resisting Metals for Gas Turbine Parts — ^Howard C. Cross and Ward T. Simmons 
High-Temperature Alloys Developed for Aircraft Turbosuperchargers and Gas Tur- 
bines—*!. W. Freeman, E. E. Re 3 molds, and A. E. White 
Chromium-Base Alloys — Robert M. Parke and Frederick P. Bens 
Metallurgy of High-Temperature Alloys Used on Current Gas Turbine Designs — 
F. S. Badger, Jr. and W. 0. Sweeney, Jr, 

Alloys and Ceramic Materials for High-Temperature Service — Howard C. Gross 
Resistance of Iron-Nickel-Chromium Alloys to Corrosion in Air at 1600 to 2200 F. — 
Anton deS. Brasunas, James T. Gow, and Oscar E. Harder 
Compressive Properties of Aluminum Alloy Sheet at Elevated Temperatures — Alan 
E. Flanigan, Leslie F. Tedsen, and John E. Dorn 
Tensile and Creep Strengths of Some Magnesium-Base Alloys at Elevated Tempera- 
ture— A. A. Moore and J. C. McDonald ' 

. ' . . 854 : ■ 
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The chairman at the thirteenth session was N. L. Mochel, chairman of the 
Joint Committee sponsoring the symposium, and Manager, Metallurgical 
Engineering, Westinghouse Electric Corp., Philadelphia, Pa. At the 
seventeenth session the presiding officer was J. W. Bolton, former secretary 
of the Joint Committee, and Director of Metallurgical Research and Testing, 
The Lunkenheimer Co., Cincinnati, Ohio. 

These papers together with discussion are available as a separate publica- 
tion entitled, “S3niiposium on Materials for Gas Turbines.’’ 


THE EFFECT OF CARBIDE SPHEROIDIZATION UPON THE 
RUPTURE STRENGTH AND ELONGATION OF 
CARBON-MOLYBDENUM STEEL* 

By S. H. Weaver^ 


Synopsis 

Changes in properties of steel for high-temperature equipment maintained 
at stresses and temperatures affect the design stresses and service life. Speci- 
mens from a plate of carbon-molybdenum steel were treated to obtain twelve 
different conditions of the steel by varying the heat treatment and the amount 
of spheroidization. Each condition of the steel has been previously^ tested in 
long-time creep at 900 and 1000 F. In this investigation, using the same plate 
of steel, specimens in the twelve different conditions were subjected to long- 
thpae rupture-stress and elongation tests at 900 and 1000 F. 

As a result of the tests the following conclusions were reached: 

1. There is a tendency for all the conditions of the steel to approach a com- 
mon, stable rupture stress. 

2. During a long service life the tested rupture stress for a period of 10,000 
hr. does not decrease nearly so much as the creep stress. . 

3. The rupture elongations for all conditions of the steel except those with 
initially spheroidized carbides rapidly drop with time. 

4. Extrapolation for rupture stress and elongation over the 10,000 to 
100,000-hr. test period is questionable. 

5. The creep-stress conclusion^ that 1000 F. is near the practical limit in 
design stress is not invalidated by data in this paper. 


The object of the tests presented in 
this paper was to obtain data bearing on 
the service life of high-temperature 
equipment, particularly steam turbines. 
The higher operating temperatures pro- 
duce slow changes in the steel during the 
service life of the apparatus. One of 
these changes is due to the spheroidiza- 
tion of the carbides. Tests showing the 
effect of carbide spheroidization upon the 
creep strength of carbon-molybdenum 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Turbine-Generator JEngineering Div., General Elec- 
tric Co., Schenectady, N. Y. (Retired) 

2 s, u. Weaver, “The Effect of Carbide Spheroidization 
Upon the Creep Strength of Carbon-Molybdenum Steel,** 
Froceedings, Am, Soc. Testing Mats., Vol. 41, p. 608 
{1941). 


Steel at 900 and 1000 F. were presented 
before the Society in 1941.^ The rup- 
ture-stress tests described in this paper 
were made from the same plate of mate- 
rial that was used for the creep tests. 

Plan oe Tests 

To facilitate comparison of results of 
the previous creep tests^ with the present 
rupture tests, the same plan is used in 
presenting data. Figure 1, reproduced 
from the previous paper, is a diagram of 
the plan of tests. The key letters dis- 
tinguishing the twelve conditions of the 
steel and the corresponding creep-test 
item numbers, both given in Fig. 1, are 
used for the rupture tests. The order of 
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presentatioa of the present paper follows, . 
as nearly as possible, the order of presen- 
tation of the previous paper on creep 
tests. 

Material 

The material used in this investiga- 
tion is a weldable 0.5 per cent molyb- 
denum steel with a chemical composition 
of 0.17 per cent carbon, 0.42 per cent 
molybdenum, 0.88 per cent manganese, 

KEY LETTERS IN DIAGRAM 

F- FINE GRAIN 

C- COARSE GRAIN 

N- normalized heat treatment 

A -ANNEALED HEAT TREATMENT 
} - INITIAL CONOITION-NOT AGED 
S- CEMENTITE fully SPHEROIDIZEO 
fkl!- SPHEROIDS FULLY MASSED 

CREEP TEST 

degfahr. item 

{ , / 900 909 

' \lOOO 897 

e / 900 910 

^ 1 1000 698 

M / 900 962 

"" \lOOO 966 

t . f 900 905 

* \I000 901 

e / 900 906 

® \lOOO 902* 

i* f 900 961 

\1000 965 

{ . / 900 911 

' \I000 899 

e / 900 912 

® \l000 900 

U, f 900 964 

llOOO 968 

( , / 900 907 

* \IOOO 903 

e f 900 908 

® pOOO 904 

/ 900 963 

yiOOO 967 

Fig. 1. — Plan for Rupture Tests (Same as Plan 
Used for Creep Tests Reported in 1941). 

0.20 per cent silicon, 0.004 per cent alu- 
minum, and 0.021 per cent AI 2 O 3 . It 
was incorrectly stated in the author’s 
previous paper^ that the steel was ‘‘alu- 
minum killed,” whereas in reality the 
heat (No. 57,328) was “silicon de- 
oxidized,” and no aluminum was added 
at any time to the molten steel. While 
this was a commercial heat of open- 
hearth, silicon-killed steel, the material 
was under^special observation at^all time 



because of its important application. 
The steel was made by the Carnegie- 
lUinois Steel Corp., rolled into plates 
4i in. in thickness, and supplied to the 
Babcock & Wilcox Co. for fabrication. 
The plate was formed into open-end 
cylinders, 48 in. in inner diameter, by 
one axial weld. The cylinders, placed 
end to end, were circumferentially welded 
to form a fabricated, mercury-vapor, 
power-boiler drum. The General Elec- 
tric Co. furnished the mercury-vapor 
turbine and other apparatus to the Public 
Service Co. of New Jersey for installa- 
tion in the Kearny, N. J., power station. 
After being in operation for 17,939 hr. 
at 975 F., with fluctuations up to 990 F., 
3-in. diameter plugs were trepanned 
through the boiler walls for examination 
of welds and base metal. The plates 
were originally heat-treated before in- 
stallation by normalizing from 1620 F. 
and by stress-relieving three times during 
fabrication, at temperatures ranging 
from 1030 to 1200 F., for a total of 20 
hr. One part of the drum was annealed 
instead of air cooled. No graphite was 
found in the plugs trepanned from the 
normalized or annealed materials, and 
only a small degree of carbide spheroidi- 
zation was present. The McQuaid-Ehn 
test was normal, showing a grain size of 
No. 3 to 4 with some No. 2 grain size 
present. 

The deoxidization of the steel requires 
emphasis because of the large amount of 
aluminum oxide found in the material. 
Some tests with aluminum alloy in 
wrought steel indicate that 1 per cent 
aluminum in solution is the strongest of 
the alloy accelerators forming nodular 
graphite. Austin and Fetzer^ conclude 
that while the effect of aluminum oxide 
is markedly to lower the stability of the 
iron carbide, the mere presence of the 

* Charles R. Austin and M. C. Fetzer, “Cementite 
Stability and Its Relation to Grain Size^ Abnormality 
and Hardenability,” Am. Soc. Metals, Preprint No. 29 
(1940), 




858 Weaver ON Carbibe Sbheroidization in Carbon-Molybdenum Steel 


oxide does not suffice; form or degree of 
dispersion is the important factor. 

The separation for chemical analysis 
of the oxide and the aluminum in solu- 
tion was at one time uncertain; however, 


alloy and 0.0236 per cent of aluminum 
oxide. The range of the oxide on check 
analyses was 0.008 to 0.041 per cent, 
which indicates an uneven or spotty dis- 
tribution of the oxide in the steel. 


TABLE r.-HEAT TREATMENT, PHYSICAL PROPERTIES AND RESULT OF CREEP TESTS AT 900 F. 
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“F ~ Fine Grain Size. C == Coarse Grain Size. iV = Normalized. A = Annealed. / = Initial, Not Aged. S =*= 
Spheroidized, Jf =. Massed Cementite. 

^ Heat Treatment: F.C. ~ Furnace Cooled. A.C. — Air Cooled. 


the interested laboratories have now 
agreed upon and use a satisfactory 
method of chemical analysis. Three of 
the aforementioned companies, using 
metal from different locations in this 
heat of steel, made six analyses which 
average 0.0036 per cent of aluminum 


Aluminum in solution does not affect 
grain growth with heat-treating tem- 
perature, while the aluminum oxide is 
used in the steel-making process to con- 
trol grain size by restraining the grain 
growth. The steel used in the mercury- 
boiler drum and in the present creep 
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and rapture tests has a grain diameter- 
heat-treating temperature relationship 
approaching the characteristics of a 
silicon-killed steel. The large amount 
of aluminum oxide present must exist in 


General Electric Co. where specifications 
require a medium size of the peariitic 
or structural grain for the 1 per cent 
molybdenum castings used at higher 
operating temperatures. Thirty-five- 


TABLE II.~HEAT TREATMENT, PHYSICAL PROPERTIES AND RESULT OF CREEP TESTS AT 1000 F. 
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'a p — Grain Size. C => Coarse Grain Size. N ~ Normalized. A = Annealed. I = Initial, Not Aged. » 
Spheroidized. M = Massed Cementite. 

^ Heat Treatment: F.C. = Furnace Cooled. A.C. = Air Cooled. 


an unusual form since it does not restrain 
the grain growth. With no aluminum 
added to the melt the oxide must have 
been introduced by the scrap steel m 
the furnace charge. This conclusion 
agrees with foundry experience at the 


ton basic, electric arc furnaces are used 
with a boiling cycle. No aluminum ad- 
ditions are made at any time. Chemical 
analyses show similar large amounts ,pf 
aluminum oxide with a negligible re- 
straint upon the grain size. 
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Carbide Spheroidization with the cementite fully spheroidized. 

The degree of the spheroidization of It is obtained by heating the annealed 
the carbides must be defined to a definite steel, ^ under no stress, at a constant tem- 


TABLE IIL-HEAT TREATMENT AND RESULT OF RUPTURE TESTS AT 900 F. 
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16 100 

FNS 

910 

V hr.-A.C. \ 

55 

34 000 

30 000 

24 000 

20 000 

34 

33 

23 



I- 



25 000-1000 

7 400 

FNM 

962 

J 1 

1500 

32 000 

28 000 

24 000 

20 000 

35 

31 

28 






No change 

5 600 

FAI 

905 

1 1560 F.—S f 

None 

46 000 

41 000 

32 000 

25 000 

28 

20 

8 





! 

44 000- 660 

17 400 

FAS 

906 

\ hr.-F.C. j 

180 

34 000 

30 000 

25 000 

23 000 

31 

31 

25 






No change 

6 400 

FAM 

961 

J 1 

1500 

32 000 

28 000 

24 000 

21 000 

31 

31 

28 


21 000 




No change 

11 500 

CNI 

911 

11750 F.— 8 f 

None 

54 000 

53 000 

52 000 

50 OOo' 

25 

ISi 

7 






No change 

4 000 

CNS 

912 

} hr.-A.C. 

55 

40 000 

37 000 

34 000 

31 000 

21 

20 

16 


34 000 

33 000 

31 000 

29 000 ’ 

No change 

5 600 

CNM 

964- 

J ( 

1500 

34 000 

29 500 

26 000 

23 000 

31 

29 

27 






No change 

6 800 

CAI 

907 

1 1750 F.—8 f 

None 

46 000 

40 OOO 

34 000 

28 000 

32 ! 

17 

8 


26 000 

24 000 

22 000 


45 000-250 

12 200 

CAS 

908 

} hr.-F.C. 

180 

32 000 

29 000 

24 000 

20 000 

31 

28 

16 






27 500-1800 

5 000 

CAM 

963 

J 1 

1500 

30 000 

27 OOO' 

23 000 

20 000 

31 

30 

23 






No change 

14 000 


*F ~ Fine grain size. C == Coarse grain size. N == Normalized. A = Annealed. I « Initial, not aged. S « 
Spheroidized. M =» Massed cementite. 

^ Heat treatment: F.C. = Furnace Cooled. A.C. « Air Cooled. 


TABLE IV.— HEAT TREATMENT AND RESULT OF RUPTURE TESTS AT 1000 F. 


Key® 

Item 

Heat , 
Treatment® 
(all specimens 
drawn 1200 F. 
-74 hr. — fur- 
nace cooled) 

Spheroidized at 

1292 F., hr. 

Stress for Rupture, psi. 

Elonga- 
tion 
in 4 in., 
per cent 

Stress for Total Extension 
of 1 per cent, psi. 

i 

! Rupture 
Curve 
Slope 
Change, 

. psi -hr. 

Longest Test, hr. 

100 hr. 

■ ^ 

10,000 hr. 

100,000 hr. 

•iqOOT 

1000 hr. 

10,000 hr. 

100,000 hr. 

1 M 

0 

0 

1000 hr. 

10,000 hr. 

M 

A 

0 

8 

S 

FNI 

897 

11560F.-8 f 

None 

38 000 

30 000 

16 000 

8 800 

24 

20 

IS 


27 000 

24 000 

13 ^ 

6 500 

34 000- 700 

7 400 

FNS 

898 

} hr.-A.C. I 

55 

22 000 

16 500 

11 000 

7 000 

43 

36 

4i! 


14 000 

10 000 

7 7001 

5 700 

18 000- 650 

4 600 

FNM 

966 

J 1 

1500 

21 500 

16 000 

11 000 

7 500 

48 

42 

40] 


12 000 

9 000 

7 000 

5 000 

16 000-1300 

5 600 

FAI 

901 

11560F.— 8 f 

None 

32 000 

27 000 

16 000 

8 800 

IS 

11 

15' 


22 000 

20 000 

13 000 ! 

8 000 

28 000- 900 

7 300 

FAS 

902 

hr.—F.C. \ 

180 I 

20 000 

16 000 

11 500 

9 000 

43 

37 

45 


14 000 

10 000 

7 500 

5 .500 

No change 

4 900 

FAM 

965 

J 1 

1500 

16 000 

13 000 

10 500 

8 600 

55 

50 

39 


7 8 OO; 




No change 

16 700 

CNI 

899 

117S0F.-8 f 

None 

46 000 

37 500 

22 000 

12 000 

18 

8 

6 


38 000 

37 500 

20 000 

11 000 

48 000- 110 

4 800 

CNS 

900 

\ hr.-A.C.3 

55 

26 000 

20 000 

IS 000 

12 000 

32 

28 

19 


20 000 

17 000 

14 000 

11 poo 

25 000 - 220 

7 300 

CNMJ 

968 

J 1 

1500 

21 000 

IS 000 

10 000 

7 000 

40 

SO 

40 


12 000 

8 700 

6 500 


18 000- 270 

5 800 

CAI ! 

903 

;1 1750 F .— 8 f 

None 

36 000 

28 000 

18 000 

12 000 

16 

9 

6 


23 000 

21 OQO 

19 000 

17 000 

38 000- 370 

6 200 

CAS 

904 

} hr.-F.C. 

180 

20 000 

15 000 

11 000 

8 000 

42 

36 

25 


13 000 

10 000 

8 100 

6 500 

No change 

13 000 

CAM 'i 

967 

1 1 

1500 

18 000 

13 000 

9 600 

7 000 

47 

49 

29 


11 000 

8 200 

6 400 

5 000 

No change 

6 800 


a j* Fine grain size. C « Coarse grain size. N « Normalized. A - Annealed. I « Initial, not aged, S = 
Spheroidized. M » Massed cementite. 

Heat treatment: F.C. = Furnace Cooled. A.C. = Air Cooled. 


end standard of measurement so that it perature below the Aci transformation 
can be duplicated in tests by other and examining the microstructure at 
laboratories. Condition S in Fig. 1 is different periods of time. The number 
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of hours of heating required to eliminate 
the last trace of discernible lamellae 
formation is considered the end standard 
for full spheroidization. The normalized 
steels are said to be fully spheroidized 
when the spheroids are of the same size 
as those obtained in the annealed stand- 
ard for the same heat of steel. 


a small difference between the condi- 
tions S and M. 

Rupture Tests 

A series of rupture-stress tests were 
made on each of the twelve conditions 
of the steel in Fig. 1, at 900 F., and upon 
duplicate bars at 1000 F, The equip- 



Rupture Time, hr. 


Fig. 2. — Rupture Stress and the Corresponding Time for 0.5 per cent Molybdenum Steel with 
Differently Spheroidized Microstructures. 


For condition M with the massed 
spheroids, the aim was to continue the 
spheroidizing time until the carbides 
were fully coalesced/ leaving the ferrite 
matrix clear. While the expected result 
was obtained in only one sample, 
FNM, after 1500 hr. ' at 1292 F., the 
later creep and rupture tests .show only 


ment employed is described in previous 
papers.^’^ The test specimens were 
machined to a diameter of 0.253 in. with 


R. H. Thielemann and E. R. Parker, “Fracture of 
Steels at Elevated Temperatures After Prolonged Load- 
ing,” Transactions, Am. Inst. Mining and Metallurgical 
Engrs., Vol. 135, pp. 559-582 (1939). 

SR. H. Thielemann, “Some Effects of Composition 
and Heat Treatment on the High Temperature Rupture 
Properties of Ferrous Alloys,” Proceedings, Am. Soc. 
Testing Mats., Vol. 40, p, 788 (1940), 
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enlargeds threaded ends. Elongation 
measurements are taken over a 4-in. gage 
length. Elongation-time data were re- 
corded for the constant loads on each 
of the 140 rupture-stress specimens. It 
is impractical to reproduce this number 
of curves; therefore, readings from plots 
at different periods of time are tabulated 
in Table III for the tests at 900 F. and 
in Table IV for the tests at 1000 F. 
Tables I and II contain data for the cor- 
responding creep tests on the same mate- 
rial given in the previous paper.^ Key 
letters from Fig. 1 indicate the condition 
of the steel in each of the series of tests 
and the item numbers for the rupture- 
stress series correspond to those used for 
the creep tests. The room-temperature 
physical properties and the before-test 
microstructures at a magnification of 
100 and 1500 are given in the author’s 
previous creep-test report.^ 

Tables III and IV give interpolated 
and, whenever possible, extrapolated 
data on the rupture stress, elongation at 
rupture, stress for an extension of 1 per 
cent, the stress and time coordinate 
where the curve of log rupture stress 
versus log time changes slope, and the 
longest test in each rupture series. 

Figure 2 shows the relation between 
constant-load rupture stress and rupture 
time for each of the specimens tested in 
the twelve conditions at 900 and 1000 
F. There is a spread between the rup- 
ture-stress curves for the initial and 
spheroidized conditions similar to that 
found in Fig. 14 of the creep tests pre- 
viously reported.^ A change in slope 
occurs in all curves for the initial condi- 
tion I of the steels, but the amount of 
the change is greatly reduced for the 
normalized spheroidized conditions and 
is not present within the 10,000 hr. of 
test for the annealed spheroidized steels. 

The change in the slope of curves 
through the rupture-stress test points 


is ascribed^ to oxidation of specimens 
by the air in the test furnace. Oxygen 
penetrating the metal increases the slope 
of the curve. A change in the type of 
fracture is evident where the slope of 
the curve increases. Failures in the 
shorter time tests are characterized by a 
transcrystalline fracture through the 
grains, changing in the longer time tests 
to an intergranular break following the 
grain boundaries. The later fracture is 
characterized by a small reduction in 
area and is usually termed a brittle 
failure- Tests by Thielemann and 
Parker,^ made in a pure, dry hydrogen 
atmosphere show a similar change in the 
type of fracture for longer time tests but 
without the change in slope in the stress- 
time curve. In the hydrogen gas, inter- 
granular oxidization is absent, so it seems 
likely that a precipitation of carbides or 
impurities, or an atomic lattice dis- 
turbance at the grain boundaries, in- 
fluences the change in type of fracture, 
which is then accelerated by oxygen 
penetration. This generalized explana- 
tion has been confirmed by previous 
tests^’^ and the same laboratory equip- 
ment was used for the present series of 
rupture tests. 

In Fig. 2 the curves for the sphe- 
roidized normalized steels, NS and NM, 
have a very slight change in slope while 
the curves for spheroidized annealed 
steels, AS and AM, have no slope change 
in tests up to 10,000 hr. This indicates 
that the effect of oxidization from the 
furnace air is very slight for the S and 
M spheroidized conditions and that the 
change from transcrystalline to inter- 
granular fracture is delayed by the pre- 
vious spheroidization treatment given the 
test specimens. 

In Fig. 3 the percentage elongation in 
4 in. at the rupture period is plotted for 
each test specimen shown in Fig. 2. All 
tests in the initial condition I show a 
rapid decrease in the elongation, which 
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accompanies the change to an intergranu- fracture, and in true slope of the rupture- 
lar fracture. In both of the spheroidized stress curves give a questionable extra- 
conditions, S and Mj the elongations are, polation over the 10,000 to 100,000-hr. 
and remain, at high values. The inter- period. 

granular fracture appears in some of the , In long-time high-temperature service 
later and longest time test specimens, the steels in initial condition I should 



Rupture Time, hr. 


Fig. 3.— -Elongation at Rupture and the Corresponding Time for 0.5 per cent Molybdenum Steel 
with Differently Spheroidized Microstructures. 

The order of appearance of the brittle ultimately spheroidize the carbides to 
fracture with increasing time is I, S, and condition S. It would be expected that 
M for the variable of degree of sphe- the rupture elongations would finally 
roidization; N, then A for the heat-treat- rise towards those obtained for the 5 
ment variable; and equal times for the and M conditions of the steel. The 
F and C grain-size variable. The de- author’s previous peep-test paper^ dis- 
layed changes in elongation, in type of cussed the theoretical time at tempera- 

' ■ ' ^ "■ ■■ ■ ■ ■ ' ■ ' ' ' ■ ' ' '■ '■ . ■ '' ■ : ■ ^ ■ 

' ' ' ' ■ ^ ' ' ' ' ■ ■ ' ■■ '■ ' ' ■ '■ . . ' ' ' ™ 
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3 

1 1 

I 



ture necessary for carbide spheroidiza- 
tion, applying an exponential formula of 
the diffusion form tested over the range 
of 1300 to 1100 F., which extrapolated 
to 1000 F. indicates the time to change 
condition I to condition S as 10,000 hr. 


60000 

40000 

30000 

20000 
60 0Q0 


were used in a very long time test, would 
the rupture-elongations increase? 

Figure 4 illustrates the time required 
to produce 1 per cent elongation for the 
constant load stress applied to each 
specimen. Many of the individual tests 



20000 

10000 
7000 

! lU IQ*" 

Hours for One per cent Elongation 

Fig. 4.— -Constant Stress aad the Time Required to Produce an Elongation of 1 per cent for 0.5 per 
cent Molybdenum Steel with Differently Spheroidized Microstructures. 


for the normalized steel Hand over 
30,000 hr. for tlie annealed steel A. 
In Fig. 3, at 1000 F., only the elongation 
curves for the initial conditions of the 
steels, CNI, FNI, and FAI, show a 
slight tendency to rise towards the 
elongations for the spheroidized steels 
as the above hours are approached. If 
stressesnearer to design values for 1000 F. 


do not appear on this plot because the 
stresses were above the yield point or 
the flow was greater than 1 per cent in 
the first hour. The data tabulated in 
Tables III and IV have many blank 
spaces due to the lack of test points or to 
questionable extrapolation. 

Each of the longest time test speci- 
mens was especially examined for graph- 
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ite formation in the steelj particularly 
near, the fracture, and no graphite was 
observed. 

Test Results 

In Fig. 5 the rupture stress tested to 
10,000 hr. is plotted against the time re- 
quired to spheroidize the steeL The 


0,100000 1000000 
i I I I I I I I I I I I r 

Estimated Hours at 900F. Without Stress 



Spheroidized at !292F. Without Stress, hr. 

0 100000 200 000 
I . ( I I . 


Estimated Hours at lOOOF. Without Stress 

Fig, 5. — Rupture Stress for 10,000 hr. at 900 and 
1000 F. for 0.5 per cent Molybdenum Steel 
when Spheroidized for Different 
Amounts of Time. 

linear scale presents a perspective to the 
time required by the temperature to 
produce strength changes in the steel. 
Scales are added above the curves for 
900 F. and below the figure for 1000 F. 
showing the equivalent spheroidizing 
time without stress at the rupture-stress 
test temperatures, using the formula 
discussed in the previous creep test 


paper^ under the heading “Service Life.” 
The previous approximation for service 
time at the rupture-test temperatures 
considered the test points at 55, 180, 
andl500-hr. spheroidizing time at 1292 F« 
as equivalent to 7, 23, and 200 yr. in 

! 000 10000 iOOOOO 1000000 



Spheroidized at 1292 R Without Stress, hr. 


100 1000 10000 IOOOOO 


Estimated Hours at iOOOF. Without Stress 

Fig. 6. — ^Log Plot of Rupture Stress at 900 
and 1000 F. Versus Spheroidizing Time 
Without Stress for 0.5 per cent 
Molybdenum SteeL 

Fig. 5(a) and 0.7, 2.3 and 20 yr. in 
Fig. 5(h) for the service time at the 
temperature of the rupture tests. 


Years 

Hours (approx.) 

0.7 

6100 

2.3 

20 000 

7.0 

61 000 

20.0 

174 000 

23.0 

200 000 

200.0 

1 740 000 
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The data indicate that during a service 
period of 23-yr. operation at 900 F. the 
rapture strength would decrease to be- 
tween 78 and 52 per cent of the initial 
condition. The more rapid decrease in 
rupture strength occurs in the tests at 
1000 F. where the data indicate that 
from 72 to 55 per cent of the initial stress 
is obtained at 2.3 yr. and from 66 to 45 
per cent in 20 yr. of operation at 1000 F. 
The rupture-stress decrease with service 
time is less than that found in the creep 
tests on the same material as follows: 


Service 

Decrease in Strength, 
per cent 

Temperature, 
deg. Fahr. 

Years 

(est.) 

Rupture 

Creep 

900 

23 

78 to 52 

72 to 46 

1000 

2.3 

72 to 55 

58 to 40 

1000 

20 * 

66 to 45 

41 to 23 


Figure 6 presents the same data as 
Fig. 5 plotted on a log-log scale with 
the initial conditions placed at 0.9 hr. 
which is equivalent to the 4-hr. draw at 
1200 F. 

Figures 5 and 6 for the rupture stress 
show a striking parallel to the Figs. 15 
and 16 previously presented^ for the 
creep-stress tests on the same material. 
At a temperature of 900 F. the nor- 
malized structure N is the major factor in 
both the creep strength and rupture 
stress. But the fine-grained; normalized 
steel FN drops most rapidly, with respect 
to spheroidizing time, to the lowest 
values in all of the test series in both 
creep and rupture strength. When the 
normalized structure is combined with 


the coarse grain, CN, there is produced 
the strongest condition of the steel at 
900 F. At a test temperature of 1000 F. 
the coarse grain is the predominating 
factor in both rupture and creep strength. 

The results of the massed spheroid 
condition, M, show that the fine- and 
coarse-grained steels, in either nor- 
malized or annealed condition, appear 
with time at temperature to approach an 
approximately common value in the 
creep stress and another common value 
in the rupture stress. 

Summary 

The results of the long-time rupture 
tests on 0.5 per cent molybdenum steel 
in different conditions of carbide sphe- 
roidization parallel the results of the creep 
tests made on the same material. Wliile 
the initial rupture and creep stresses 
vary greatly for the different conditions 
of the steel, the data presented indicate 
that in approximately 20 yr. of operation 
some of the items would decrease in creep 
stress to 46 per cent and in rupture stress 
to 52 per cent at 900 F., and in creep 
stress to 23 per cent and in rupture stress 
to 45 per cent at 1000 F. 

In the selection of heat-treatment for 
this steel the same conclusions apply to 
both the creep and rupture tests. At 
900 F. the normalized structure is the 
major factor, and when combined with 
the coarse grain it produces the strongest 
steel. At 1000 F. the coarse grain pre- 
dominates in both creep and rupture 
strength, and normalized or annealed 
structures are of minor importance. 


DISCUSSION 


Mr, R. F. Miller.^ — In Fig. 3, Mr. 
Weaver shows that at 1000 F. the elonga- 
tion curves for the initial conditions of 
steels CNI, FNI, and FAI show a slight 
tendency to rise toward the elongation 
of the spheroidi^ed steels as the tests 
progress to long-time periods. The sug- 
gested explanation of this behavior is 
that the steels tend to spheroidize dur- 
ing test so their condition approaches 
that of the M or S conditions. It is 
estimated that the time to change con- 
dition I to condition S is 10,000 hr. 
for the normalized steel N and oVer 
30,000 hr. for the annealed steel A. 

In our study of the effect of strain rate 
on the strength and type of failure of 
carbon molybdenum steel,^ we showed 
(Fig. 12) indications of the. same be- 
havior at 1100 F. where the changes 
take place somewhat more rapidly than 
at the temperatures of 900 and 1000 F. 
used by Mr. Weaver. It has been 
our experience that as the strain rate 
decreases (as the test time increases), 
the type of fracture changes from 
transgranular to intergranular, and the 
amount of elongation decreases. Mr. 
Weaver has found that the order of the 
appearance of the brittle fracture with 
the increase in time is I, S, and M. 
This is also confirmed by our experience 
at 1100 F. where the intergranular frac- 
ture appeared earlier in the pearlitic 
than in the spheroidized material 

Mr. Weaver is to be congratulated on 


^Development Engineer, Stainless and Alloy Steels, 
Carnegie-<Illinois Steel Corp., Pittsburgh, Pa. 

2 r;f. Miller, G. V. Smith, and G. L. Kehl, “Influence 
of Strain Rate on Strength and Type of Failure of Carbon 
Molybdenum Steel at 850, 1000, and 1100 F./' Transactions ^ 
Am. Soc. Metals, Vol. 32, pp. 817-848 (1943). 


the very thorough investigation which 
he has carried out on the effect of car- 
bide spheroidization on the creep and 
rupture of carbon molybdenum steel. 
He has shown very clearly that carbide 
spheroidization may cause a decrease of 
strength of material in service at ele- 
. vated temperature. Between one quar- 
ter and one half of the strength of carbon 
molybdenum steel would be lost during 
a service period of about twenty years 
at 900 F., and more than half of the 
strength would be lost in the same length 
of time at 1000 F. Up to the present 
time, surface stability (corrosion or 
scaling losses) and strength measure- 
ments made over a time period of 500 
to 2000 hr. have served as the accepted 
basis for design. It now appears that 
the upper limiting temperature for 
usefulness of steels at elevated tempera- 
tures should be based upon their in- 
ternal as well as their external stability 
and that adequate factors of safety 
must be ehiployed if the service tempera- 
ture is to exceed the upper limiting tem- 
perature for microstructural stability. 
The calculations which Mr. Weaver has 
made are a valuable contribution to the 
somewhat neglected subject of carbide 
spheroidization, and any further data 
which Mr. Weaver may have on this 
subject would be very much appreciated. 

Mr. S. H. Weaver {authors closure 
by letter), — I wish to thank Mr. Miller 
for referring to the data which indicate a 
similar behavior occurring at 1100 F, 
but at a more rapid rate than that which 
we found at 900 and 1000 F. We agree 
with his recommendation that the 
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changes in microstructnre and proper- 
ties of the Steel under discussion are of 
sufficient magnitude to be considered in 
determining the factor of safety for ap- 
paratus requiring a long life at elevated 
temperatures. 

Since the preparation of this paper, 
additional test results have been ob-. 
tained. As the stock of steel has been 
consumed during the past eight years, 
this series of tests has now been discon- 
tinued. 

There was a question as to the accu- 
racy of the empirical formula for the 
time to spheroidi'ze the carbides when 
extrapolating from data obtained at 
higher temperatures to the lower tem- 
peratures of operation. This formula 
was discussed in the author’s previous 
creep test paper® under the heading 
“Service Life.” 

Taylor‘S at the University of Michigan 
used an annealed, 0.13 per cent carbon, 
killed steel with test points at 1300 
1250, and 1200 F., and drew a straight- 
line curve with the exponential constant 
6 equal to 44 630, indicating 1900 hr. 
at 1100 F. With the average & value 
of 45 000, the time is 1970 hr. at 1100 
F. His very accurate tests at HOOF, ' 
gave 2100 hr. to fully spheroidize the 
carbides, or 7 per cent greater time than 
the formula. 

; The steel used in the present' creep 
and rupture series was tested at the 
General Electric Laboratories in the 
normalized condition from 1292 to 1000 
F. With & equal to 45 000 and 49 hr. 
at 1300 F., the equation indicates 55 
hr. at 1292 F. and 9410 hr. at 1000 F.; 
the tests gave 55 and 10 000 hr. respec- 
tively, a 6 per cent longer time than the 
formula being required at 1000 F. to 


^ S. H. Weaver, “The Effect of Carbide Spheroidization 
Upon the Creep Strength of Carbon-Molybdenum Steel," 
Am. Soc, Testing Mats., Vol. 41, p, 608 (1941). 

4 j. H. Taylor, “A Study of Spheroidization in Steels 
at Temperatures Below the Critical Range," unpublished 
thesis, University of Michigan, August, 1934. 


duplicate the microstructure of Fig. 9 
in the creep paper. 

Tests were made upon the effect of 
stress in decreasing the time to spheroid- 
ize the carbides fully. Taylor’s tests 
on carbon steel at^ different constant 
stresses and temperature usually over- 
spheroidized. The S.A.E. 1045 an- 
nealed steel gave an accurate result at 
1250 F. and 1200 psi. in 150 hr., while 
zero stress required 228 hr. From these 
tests we made the assumption in estimat- 
ing the service life under operating con- 
ditions, that the presence of stress re- 
duced the time to spheroidize the car- 
*bides fully to two thirds of that found 
with no stress present. 

Our tests on the carbon-molybdenum 
steel were made on eight tapered bars 
with the section at one end ten times 
■that at the other end. At 1200 F. the 
annealed, tapered bar became fully 
spheroidized (CAS) in 496 hr. or two 
. thirds, of the time ' without stress, the 
400-psi. end duplicating Fig. 12, while 
the 4000-psi. end had slightly larger 
spheroids with more clear space in the 
ferrite. The normalized bar became 
fully spheroidized (GNS) in 152 hr. 
or two thirds of the time without stress, 
the 4000-psi. end duplicating the con- 
dition of Fig. 9 “after creep at 900 F.” 
while the 400-psi. end had larger spher- 
oids and acicular structure. The re- 
maining bars were in the furnace for 
longer periods and were overspheroid- 
ized. These data are not numerous 
enough to detail the influence of stress 
but give further evidence that working 
stres^s reduce the time to spheroidize 
. the carbides to approximately two thirds 
of the time required without stress. 

' The effect of temperature upon the 
time to spheroidize the carbides fully 
without stress may be seen from the 
multipliers in Table V calculated for 1 
hr. at 1300 F. with & equal to 45,000. 
If the time ii is known for temperature 
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Fi , then at another temperature ,■ 
the required time 'h is equal to fi divided 
by the multiplier under Fi , then mul- 
tiplied by the ihultiplier under F 2 . 
Table V, when plotted upon semi-log 
paper gives a straight line. Calculate 
1/T at each F in the table, where T 
equals F plus 462. On the linear scale 
use 1/T values, marking at each tabular 

TABLE V,-MULTIPLIERS FOR TIME AT 
DIFFERENT TEMPERATURES FULLY 
TO SPHEROIDIZE THE CARBIDES 
WITHOUT STRESS.® 


Deg. Fahr. . . 

1300 

1250 

1200 ! 1150 

1100 

1050 1 

1000 

|950 

9C0 

Multiplier . . . 

1.00 

2.31 

5.46|13.26 

33.4 

85.2’ 

226.2 

|612| 

1772 


« 1292 F. (700 C.) has multiplier 1.124. 


value the corresponding F temperature. 
Mark the multipliers on the log scale. 
All points from the table will be found 
to lie on one straight line. 

The time to spheroidize the carbides 
without stress at 1300 F. ranges from 5 
to 222 hr. depending upon the chemical 
composition and condition of the steel. 
The data accumulated so far are given 
in Table VI. So many factors enter into 
a determination of spheroidization time 
that it is difficult to draw any final con- 
clusion. Hovrever, the information is 
presented in response to Mr. Miller’s 
request. 


TABLE VI.-TIME TO SPHEROIDIZE THE CARBIDES WITHOUT STRESS AT 1300 F. 


Item 


Composition 


Condition 



C 

Si 

Mn 

Mo 

V 

Cr 

Miscellaneous 





by 

No. I....] 









[Annealed 

72 

44 630 

] 

No. 2.. .4 

0.13 







Killed 

•{Normalized 

22 

42 200 

iMich. 

N 0 . 3 ...J 

0.45 






S.A.E. 1045 


[Cold Worked 

5 

43 300 

j 

No. 4 






Wrought 

Annealed 

110 

42 700 

Mich. 

No. 5 

0.85 


0.47 




S.A.E. 1085 

Wrought 

Annealed 

120 

41 300 

Mich, 

No. 6..... 

0.16 

0.23 

0.42 




Wrought 

Annealed 

180 

45 100 

Mich. 

No. 7 

0.16 

0.19 

;i.25 

0.25 




Wrought 

Annealed 

80 

45 500 

Mich.- 

No. 8....] 







0.004 A1 

flS60F-8 hr.—F.C. 

160 

45 000 

G.E. 

N 0 . 9 .... 
No, 10...f 

0.17 

0.20 

0.88 

0.42 



0.021 AI 2 O 3 

Plate 

J 1560F-8 hr.— A.C. 

U750F-8 hr.—F.C. 

49 
160 ! 

45 000 
45 000 

G.E. 

G.E. 

No. 11.. J 









I 175 OF -8 hr.— A.C. 

49 

45 000 

G.E. 

No. 12. ... 

0.18 

0.25 

0.62 

0.55 

0.12 

0.07 


Cast 

1740F-8 hr.— A.C. i 

71 

G.E. 

No. 13.... 

0.14 



0.50 




Pipe 

1650F-8 hr.—F.C. 1 

187 


G.E. 

No, 14... \ 
No. IS.../ 

0.19 

0.25 

0.87 

0.45 



Si killed 

Plate 

/1740F-8 hr.—F.C. 

\l740F-8 hr.— A.C. 

185 

63 


G.E. 

^ G.E. 

No, 16...1 
No. 17.../ 

0.33 

0.34 

0.22 

1.09 



Al— 0.12 

Casting 

/1700F-2 hr.—F.C. 

U700F-2 hr.— A.C. 

91 

56 


G.E. 

G.E. 

No. 18..., 

0.17 

0.50 

0.57 

1.1 

0.22 



Casting 

1900F-10 hr. Fast F.C. 

22 


G.E. 

No. 19...\ 
No. 20.../ 

0.14 

0.48 

0.66 

1.10; 

0.14 



Casting 

/i700F-2 hr.—F.C. 

\17C0F-2 hr.— A.C. 

70 

26 


G.E. 

G.E. 

No. 21.... 

0.14 

0.18 

0.42 



5.12 


Wrought 

Annealed 

150 

43 600 

Mich. 

No. 22.... 

0.15 

0.25 

0.42 

0.51 


5.18 


Wrought 

Annealed 

222 

43 600 

Mich. 

No. 23.... 

0.07 

0.72 

0.42 

0.54 


1.25 


Wrought 

Annealed 

70 

45 300 

Mich. 

No. 24... \ 
No. 25.../ 

0.12 

0.14 

0.45 

0.54 


0.45 

1/4 lb. Al per ton 

Pipe 

/1700F-2 hr.—F.C. 

\l700F-2 hr.— A.C. 

58 

22 


G.E. 

G.E. 

No. 26... 1 
No. 27.../ 

- 0.13 

0.22 

0.50 

0.56 


0.48 

Si-killed 

Pipe 

/ 1700 F -2 hr.—F.C. 

\17C0F-2 hr.— A.C. 

135 

54 


G.E. 

G.E. 

No. 28.... 

0.13 

0.15 

0.60 

0.48 


0.87 


Pipe 

As received 

27 


G.E. 

No. 29.... 

0.08 

0.28 

0.25 



1.17 

W-0.97 

Wrought 

Annealed 

160 

44 700 

Mich. 

No. 30.... 

0.47 

0.72 

0.47 


0.30 

1.36 

W-0.90 

Wrought 

j Annealed 

200 

44 500 

Mich. 


Tests 


® F.C. is furnace-cooled. A.C. is air-cooled or normalized. 

^ /i 3 is hours to fully spheroidize the carhides to condition S without stress at 1300 F. 
bis the constant in exponent of spheroidizing time equation. 



RESISTANCE OF IRON-NICKEL-CHROMIUM ALLOYS TO CORROSION 
IN AIR AT 1600 TO 2200 F* 

By Anton beS. Brasunas/ Jajvies T. Gow/ and Oscar E. Harder^ 


A series of iron-nickel-chromium alloys 
has been studied for the Alloy Casting 
Institute with reference to their resis- 
tance to corrosion in air at temperatures 
of 1600, 1800, 2000, and 2200 R Most 
of the cast-alloy materials used in this 
investigation were prepared by the Re- 
search Laboratory of the American 
Brake Shoe Co. The chromium varia- 
tion has been from 11 to 36 per cent at 
S per cent intervals, and the nickel 
content was varied from zero to approxi- 
mately 70 per cent at the 11 per cent 
chromium level and from zero to about 
50 per cent at the 31 per cent chromium 
level. For the most part, the carbon 
content has been about 0.45 per cent, 
but higher and lower carbon contents 
have been introduced to study the effect 
of carbon on certain compositions. The 
silicon and manganese contents have 
approximated 1.25 and 0.75 per cent, 
respectively. However, silicon, too, has 
been varied in certain compositions to 
study its effect on corrosion resistance. 
There has been substantial variation in 
the nitrogen content, but this element 
was not intentionally varied, and no 
study has been made of its effect on 
corrosion resistance. 

Most of the data are based on the re- 
sults of tests run for a period of 100 hr. 
with the specimens being heated in a 
muffle furnace through winch air was 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Research Engineer, Assistant Supervisor, and Assis- 
tant Director, respectively, Battelle Memorial Institute, 
Columbus, Ohio. 


passed at the rate of 200 cu. cm. per 
minute. The air was saturated with 
water vapor at 90 F. and preheated so 
as not to affect the temperature of the 
specimens. Selected alloys have also 
been run in tests for 1000 hr. In one 
series they were heated continuously; in 
a second series they were cooled to room 
temperature at 24-hr. intervals to ob- 
serve the effect of interrupted heating; 
and in a third series the specimens were 
intermittently cooled and tumbled to 
remove loose scale. The extent of 
corrosive attack has been determined by 
removing the corrosion products and 
determining the actual metal loss. The 
results are presented in the form of 
average corrosion rates expressed in 
^ 'grams per square inch per day’^ and 
"inches penetration per year.^^ The 
influence of metal-scale formation and 
flaking tendencies on rates of corrosion 
is briefly discussed. 

While it is considered that this paper 
presents a good appraisal of the resistance 
of iron-nickel-chromium alloys to corro- 
sion in air in the temperature range of 
1600 to 2200 F., the authors wish to 
point out that the data may not apply 
when other atmospheres are used, and 
that data in this paper are not to be 
considered as directly usable in selecting 
alloy compositions for commercial in- 
stallations, especially in cases where 
other types of atmospheres are involved. 
The data should serve principally as 
base-line information and as an indica- 
tion of approximate alloy compositions 
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wMcli may be suitable for liigii-tempera- 
ture applications in certain atmospheres. 
Work is in progress for the Alloy Casting 
Inst, on other atmospheres, especially 
flue gases containing sulfur and of com- 
positions representing different degrees 
of fuel combustion. 

Preparation of Specimens 

The alloys were melted in basic-lined 
induction furnaces and poured into dried 
sand molds.* Wedge-shaped castings 
were produced, 1 in. thick at the bottom 
and 2| in. thick at the top, 6 in. in width, 
and 8 in. in height. The section 1 to 
3 ‘in. from the bottom was used for the 
corrosion specimens. After sectioning 
to provide suitable machining stock, 
specimens of 0.375-in. diameter by 
1.000 in, long were machined to a ground 
finish. These were carefully checked 
with micrometers, and ail variations 
were noted. All specimens were care- 
fully inspected for porosity before being 
employed in the corrosion tests. 

Description of Apparatus 

An electrically heated muffle-type 
furnace was used to heat the specimens 
which were placed vertically, approxi- 
mately I in. apart, within the furnace 
chamber on a refractoiy holder. Tem- 
perature fluctuations were automatically 
held to ±10 F, by means of an electric 
controller actuated by a thermocouple 
placed within the furnace muffle, adja- 
cent to the specimens. A second ther- 
mocouple was inserted periodically to 
assure positive temperature control, as 
determined by a portable potentiometer. 

Ordinary air saturated with water 
vapor at 90 F. and preheated to furnace 
temperature was passed into the furnace 
chamber continually during the test. 

Testing Procedure 

When the specimens representing vari- 
ous alloy compositions were selected for 


testing at a particular temperature, they 
were treated as follows: 

1. ' Specimens were measured with 
micrometers to determine ^ their exact 

surface areas. 

2. They were then degreased in carbon 
tetrachloride. From this point on, the 
specimens were handled with small tongs 
to eliminate possible surface contamina- 
tion which might influence the rate of 
corrosion. 

3. Each specimen was carefully 
weighed prior to exposure. 

4. The specimens were then placed 
vertically on specially constructed re- 
fractory blocks which were inserted into 
the furnace chamber. 

5. The desired furnace temperature 
was attained, and air, saturated with 
water vapor at 90 F. and preheated, was 
passed through the furnace at the rate 
of 200 cu. cm, per minute. These con- 
ditions were maintained during the en- 
tire test. 

6. At the conclusion of the testing 
period, or at selected intervals, the speci- 
mens were allowed to cool to room 
temperature. During this cooling cycle, 
some specimens lost scale by vigorous 
flaking. Drafts were avoided during 
scaling, and in some of the tests, in- 
verted crucibles were placed over the 
specimens in order to collect the scale 
thrown off. 

7. After visual examination of the 
specimens to note the extent and ad- 
herence of the scale, the specimens were 
cathodically descaled in a molten caustic 
salt bath (60 per cent NaOH, 40 per cent 
Na 2 C 03 )^ using a current density of 
400 ump. per square foot for a period of 
1 to 4 min., depending on the nature of 
the scale. The specimens were then 
water-quenched from this salt bath. 

8. To remove traces of the caustic, 
the specimens were then flash-dipped in 

* S. D. Heron, G. Calingaert, and F. J. Dykstra, *‘Elec- 
trolytic Descaling,” Journals Soc. Automotive Engrs., 
Vol. 37, December, 1935, p. 19. 
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a concentrated solution of HCl/ saturated 
with arsenic trioxide (AS 2 O 3 ), and washed 
thoroughly with water. 

9. After drying, the specimens were 
reweighed to determine the amount of 
metal lost by corrosion. 

10. From the weight-change data and 
surface areas, the rate of metal loss was 
calculated in terms of grams per square 
inch per day, and by using an average 
value for the density of the iron-nickel- 
chromium alloys, the corrosion rate was 
also computed in terms of inches pene- 
tration per year. 

100-HR. Corrosion Tests 

The compositions of the alloys studied, 
together with the corresponding metal- 
loss data at 1600, 1800, 2000, and 2200 F. 
as determined by lOO-hr. tests, are sum- 
marized in Table I. It will be noted 
.that, in general, the severity of corrosive 
attack is progressively reduced as the 
alloy content is increased, but is increased 
as the temperature is raised. However, 
to give a comprehensive picture of the 
resistance of these binary (Fe-Cr) and 
ternary (Fe-Ni-Cr) alloys, it is necessary 
to consider the influence of nickel and 
chromium separately and of these two 
metals simultaneously. 

The Influence of Nickel on Air Corrosion: 

The weight-loss data shown in Table I 
have been plotted on a logarithmic scale 
in Figs. 1 and 2, and the influence of 
nickel additions at various chromium 
levels is apparent. The beneficial influ- 
ence of increased amounts of nickel is 
shown to be most prominent at the lower 
chromium levels. As the chromium con- 
tent is raised, the influence of nickel 
becomes less pronounced. The following 
text discusses the influence of nickel at 
the different chromium levels. 

11 per cent Chromium.— Kt the 11 per 
cent chromium level, nickel additions 
from zero to 20 per cent result in a small 


increase in corrosion resistance; nickel 
variations between 20 and 50 per cent 
effect a more substantial change in cor- 
rosion resistance; and nickel contents in 
excess of 50 per cent have but a small 
further influence, especially at the lower 
temperatures. The over-all effect in 
reducing corrosion at the 11 per cent 
chromium level by going from zero to 
70 per cent nickel is to reduce the extent 
of corrosion to one two-hundredth. 
This was found to be fairly consistent at 
all temperatures studied. 

16 per cent Chromium. — ^The curves of 
Fig. 1, showing the influence of nickel 
additions at 16 per cent chromium level, 
indicate a marked improvement in cor- 
rosion resistance when the nickel content 
is raised from zero to 40 per cent. Be- 
yond this amount, no further improve- 
ment is noted at 1600 F., but a slight 
improvement was observed at 1800, 
2000, and 2200 F. The corrosion rate 
at 1800, 2000, and 2200 F. of 16 per cent 
chromium alloys is reduced to one 
eightieth by increasing the nickel content 
from zero to 70 per cent. At 1600 F., 
the corrosion was less severe, and a re- 
duction to one twenty-fifth in the 
corrosion rate was observed. 

21 per cent Chromium. — ^As shown in 
Fig. 2, the presence of 21 per cent 
chromium reduced the corrosion of this 
series of alloys considerably as compared 
with the 16 per cent chromium series. 
At 1600 F., the rate of corrosion was only 
slightly affected by nickel variations of 
zero to 62 per cent. At 1800 F., a mod- 
erate improvement in corrosion was 
effected by nickel additions of zero to 
20 per cent. Nickel additions beyond 
this amount, up to about 60 per cent, 
have a negligible effect on corrosion 
resistance. At 2000 F., the corrosion 
rates are more severe, and amounts of 
nickel up to 30 per cent reduce the degree 
of corrosion. Nickel in excess of this 
amount seems ineffective. At 2200 F., 
alloys containing 21 per cent chromium 
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Fig. 1. — The lEfluence of Increasmg' Amounts of’NicEeraL the 11 and 16 per cent Chromium Levels 
on Air Corrosion of Alloys at 1600, 1800, 2000, and 2200 F., as determined in 100 hr. Tests. 
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appear to become more resistant to cor- from zero to about 20 per cent. In- 
rosion as the nickel content is increased creasing the nickel content beyond about 

TABLE I.— SUMMARY OF METAL-LOSS DATA OF IRON-NICKEL-CHROMIDM ALLOYS BY AIR CORROSION 

AT 1600, 1800, 2000, AND 2200 F. 


Alloy 

Composition of Alloys, per cent 

Metal Loss by Corrosion 

Grams per sq. in. per day 

Inches Penetration per year 

§ 

Xt 

a 

<u 

■ o 

g ; 

Chromium 

fl 

.§ 

tio 

Manganese 

Nitrogen 

1600 F. 

1800 F. 

i 2000 

i 

2200 

F. 

1600 F. 

1800 F. 

1 

2000 

F. 

2200 

F. 

Zero per cent Chromium Alloy 

No. 

0.85 

0 

0 

0.2 

1 0.4 

1 

1 

j 

0.4799 

1.267 

2.28 


1.34 

3.55 

6,38 : 


5 per cent Chromium Alloys 

No. CA-llJ 

No. CA-12^ 

0.19 

0.19 

0 

0 

6.00 

4.71 

0.48 

0.34 

0.66 

0.68 


0.4451 

0.5497 

0.7552 

0.7189 



1.25 

1.54 

2.12 

2.01 




11 PER CENT Chromium Alloys 


No. C-70 

0.45 

0.13 

11.0 

1.31 

0.78 

0.05 

0.2291 

0.4552 

1.0380 


0.641 

1.27 

2.91 


No. C-71 

0,45 

3.0 

10.9 

1.30 

0.76 

0.05 

0.1843 

0.3315 

1.3982 

2.3795 

0.516 

0.928 

3.92 

6.67 

No. C-72 

0.45 

8.3 

11.0 

1.28 

0.75 

0.06 

0.1511 

0.3441 

0.9263 


0.423 

0.963 

2.59 


No. C-73 

0.45 

12.1 

11.0 

1.22 

0,78 

0.05 

0.14 

0.2873 

0.7577 


0-39 

0.804 

2.12 


No. C-74 

0.40 

16.1 

u.o 

1.20 

0.72 

0.05 

0.1593 

0.2857 

0.7512 

2.2544 

0.449 

0.800 

2.10 

6.M 

No. C-1 

0.34 

20.13 

11.21 

1.21 

0.76 

0.046 

0.0925" 

0-3055 



0.259" 

0.8SS 



No. C-2 

0.34 

23.66 

11.01 

1.21 

0.76 

0.046 

0.0612" 


0.5680 

.... 

0.171" 

0.566 

1.59 

.... 

No.C-3 

0.33 

27.37 

10.84 

1.21 

0.76 

0.046 

0.0522" 

0.0897 

0.62 


0.146" 

0.251 

1.74 


No. C-4 ^ 

0.35 

31.84 

11.12 

1.28 

0.82 

0.035 

0.0245" 

0.0262 ! 

0.4303® 


0.069" 

0.073 

1.20" 


No. C-5 

0.35 

35.57 

11.06 

1.28 

0.82 

0.035 

0.0030 


0.3033® 

0.3564 

0.008 


0.849" 

0'998 

No. C>6... 

0.39 

39.31 

10.77 

1.28 

0.82 

0.035 

0.0028" 

0.0047 

0.1081® 


0.008“ 

o'ois 

0.303“ 


No. C-7... 

0.31 

47.34 

11.09 

1.28 

0.84 

0.022 

0.0014 


0.0415® 


0.004 


0.116“ 


No. C'S 

0.37 

55.09 

11.21 

1.28 

0.84 

0.022 

0.0014" 

0.0032 

0.0191 

0.0275 

0.004" 

o!669 ! 

O.OS3 

o'.on 

No. C-9 

0.32 

63.03 

10.98 

1.36 

0.90 

0.008 

0.0013“ 

0.0025 

0.0103® 

0.0224 

0.004" : 

0.007 

0.029" 

0.063 

No. C-10 

0.37 

69.07 

10.87 

1.36 

0.90 

0.008 

0.0011" 

0.0027 

0.0088® 


0.003" 

0.008 

0.025® 



16 PER CENT Chromium Alloys 


NO.C-7S.. 

0.47 

0.11 

16.0 

1.26 

0.78 

0.03 

(0.0059) 

(0.1238) 

0.7610 


(0.017) 

(0.347) 

2.13 


No. C-76 

0.43 

3.0 

16.1 

1.23 

0.75 

0.04 

0.0281 

0.2360 

0.7020 


0.079 

0.661 

1.97 


No. C-77 

0.45 

8.2 

15.7 

1.20 

0.75 

0.06 

0.0180 

0.1783 

0.9374 


0.050 

0.499 

2.63 


No. C-78 

0.46 

12.0 

15.8 

1.22 

0.77 

0.06 

0.0022 

0.0793 

0.5216 


0.006 

0.222 

1.46 


No. C-79 

0.44 

16.2 

15,8 

1.18 

0.69 

0.06 

0.0022 

0.0497 

0.3031 


0.006 

0.139 

0.849 


No. C-ll 

0.47 

20.00 

16.17 

1.16 

0.80 

0.050 

0.0014® 

0,0194 

0.1406® 


0.004® 

0.054 

0.394“ 


No. C-12 

0.48 

24.10 

16.02 

1.16 

0.80 

0.050 

0.0012® 

0.0195 

0.0359“ 


0.003" 

0.055 

0.101" 


No. C-13 

0,50 

27.55 

16.25 

1.16 

0.80 

0.050 

0.0016® 

0.0076 

0.0803" 


0.004" 

0.021 

0.225" 


No. 

0.45 

32.20 

15.98 

1.24 

0.80 

0.075 

0.0015® 

0.0087 

0.0705“ 

0,0916 

0.004" 

0.024 

0.197" 

0.256 

No. C-15 

0.45 

36.43 

15.98 

1.24 

0.80 

0.075 

0.0015® 

0.0036 

0.0287" 

0.0615 

0,004" ’ 

0.010 

0.080"! 

0.172 

No. C-16 

0.46 

40.34 

15.98 

1,24 

0.80 

0.075 

0.0015® 

0.0040 

0.0118" 

0.0353 

0.004" 

0.011 

0.033" 

0.099 

No. C-17 

0.40 

47.95 

15.73 

1.25 

0.84 

0.057 

0.0017® 

0.0037 

0.0162" 

0.0290 

0.005" 

0.010 

0.045“ 

0.081 

No. C-18 

0.40' 

56.07 

15,86 

1.25 

0.84 

0.057 

0.0014® 

0.0034 ' 

0.0140“ 

0.0249 

0.004" 

0.010 

0.039" 

0.070 

No. C49. ! 

0.39 

60.95 

15.73 

1,24 

0.84 

0.032 

0.0012® 

0.0028 

0.0077® 


0.004" 

0.008 

0.022" 


No. C-20 

0.42 

68.13 

15.90 

1.24 

0.84 

0.032 

0.0011® 

0.0026 

0.0130® 


0.003“ 

0.007 

0.036“ 



21 PER CENT Chromium Alloys 


No. C-SO........ 

0.44 

0,14 

20.8 

1.31 

0.78 

0.05 

0,0026 

(0.0052) 

0.0348 

0.1210 

0.007 

(O.OIS) 

0.097 

0.339 

No. C-8i........ 

0.43 

3.0 

21.0 

1.28 

0.73 

0.03 

0.0040“ 

0.0292 

0.0347 

0.0544" 

0.011" 

0.082 

0.097 

0.152" 

No. C-82. 

0.45 

8.2 

21,1 

1.25 

0.75 

0.07 

0.0019 

0.0259 

0.0333 

0.0295“ 

0.005 

0.073 

0.093 

0.083" 

No.C-83. 

0.47 

12.1 

20.8 

1.23 

0;76 

0.06 

0.0015 

0.0144 

0.0274 

0.0218" 

0.004 

0.040 

0.077 

0.061" 

No. C-84. 

0.44 

16.3 

20.7 

1.18 

0.73 

0.06 

0.0021 

0.0049 

0.0285 

0.0187" 

0.006 

0.014 

0.080 

0.052" 

No, C-31... 

0.46 

19.95 

20.96 

0.76 

0.73 

0.058 

0.0035“ 

0.0055" 

0.0182 


0.010® 

0.015" 

0.051 


No. C-32 

0.46 

24.08 

20.92 

0.76 

0.73 

0.058 

0.0026" 

0.0054“ 

0.0163 

0.0672 

0.007" 

0.015" 

0.046 

0.188 

No. C-33... ' 

0.47 

28.34 

20.85 

0.76 

0.73 

0,058 

0.0020 

0.0052 

0.0128 

0.0576 

0.006 i 

0.015 

0.036 

0.161 

No.C-34........ 

0.47 

32.32 

20.92 

1.21 

0.77 

0.072 

0.0023 

0.0040 

0.0109 

0.0719" 

0.006 

0.011 

0.031 

0.201" 

No. C-3S.. ...... 

0.47 

36.02 

21.03 

1.31 

0.77 

0.064 

0.0016 

0.0036 

0,0136 

0.0502 

0.004 

0.010 

0.038 

0.141 

No. C-36 

0.46 

40.08 

20.98 

1.29 

0.76 

0.064 

0.0041“ 

0,0033 

0.0144 ' 

0.0468" 

0.011® 

0.009 

0.040 

0.131" 

No. C-37........ 

0.46 

47.90 

21.00 

1.27 

0.77 

0.080 

0.0019“ 

0.0032 

0.0101" 

0.0274" 

0.005" 

0.009 

0.028" 

0.077" 

No. C-38........ 

0.45 

55,92 

20.77 

1.35 

0.81 

0.067 

0.0014 

0.0035 

0.0111 

0.0301 

‘ 0,004 

0.010 

0.031 

0.084 

No.C-39........ 

0.45 

61.84 

21.22 

1.17 

0.78 

0.054 

0.0023 

0.0032 

0,0103 

0.0206 

0.006 

0,009 

0.029 

0,058 
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TABLE T,— Continued 



Metal Loss by Corrosion 







Grams per sq. 

in. per day 

Inches Penetration per year 

Carbon 

<0 

Jalj 

.O 

Chromium 

rt 

o 

00 

Manganese 

Nitrogen 

1600 F. 

1800 F. 

2000 

F. 

2200 

F. 

1600 F. 

1800 F 

2000 

F. 

2200 

F. 


26 PEK CENT Chromium Allots 


No.C-SS. 

0.45 

0.16 

25.8 

1.34 

0.78 

0.04 

i 0.0035“ 

0.0204 

0.0353 

0.11^ 

0.010“ 

0.057 

0.099 

0.318“ 

No.C-86. 

0.43 

3.0 

25.9 

1.32 

0.73 

0.03 

0.0029 

0.0262 

0.0418 

0.0598“ 

0.008 

0.073 

0.117 

i0.167“ 

No. C-87 

0.45 

8.2 

125.8 

1.30 

0.75 

0.07 

0.0024 

0.0084 

0.0320 

0.0215“ 

0.007 

0.024 

0.090 

0.060“ 

No. C-88........ 

0.47 

12.1 

25.6 

1.23 

0.77 

0.05 

0.0013 

0.0061 

0.0190 

0.0198“ 

0.004 

0.017 

0.053 

0.055“ 

No. C-89. 

0.45 

16.0 

25.8 

1.15 

0.74 

0.06 

0.0014 

0.0036 

0.0115 

0.0188“ 

0.004 

0.010 

0.032 

0.053“ 

No. C-4i 

0.46 

20.12 

25.47 

1.12 

0.68 

0.046 

0.0026“ 

0.0058“ 

0.0117 

0.0183 

0.007“ 

0.016“ 

0.033 

0.051 

No. C-42 

0.47 

23.48 

26.00 

1.23 

0.73 

0.126 

0.0037“ 

0.0038 

0.0166“ 

0.0594“ 

0.010“ 

0.011 

0.046“ 

0.166“ 

No.C-43 

0.47 

27.40 

25.78 

1.22 

0,75 

0.139 

(0.0101) 

0.0042 

0.0133 

0.0521 

(0.028) 

0.012 

0.037 

0.146 

No.C-44.... 

0.45 

31.80 

25.64 

1.22 

0.72 

0.074 

0.0042 I 

0.0051“ 

0.0129 : 

0.0658 

0.012 

0.014“ 

0.036 

0.184 

No. C-45 

0.49 

35.94 

25.92 

1.22 

0.74 

0.093 


0.0047 

0.0137 

0.0303 


0.013 

0.038 

0.085 

No. C-46 

0.45 

40.15 

26.08 

1.24 

0.74 

0.087 

0.0043 ' 

0.0041“ 

0.0115 

0.0254 

o'. 6 i 2 

0.011“ 

0.032 

0.071 

No. C-47: 

0.49 

48.04 

25.93 

1.17 

0.77 

0/083 

0.0025“ 

0.0045“ 

0.0120“ 

0.0256 

0.007“ 

0.013“ 

0.034“ 

0.072 

No. C-48 

0.42 

55.82 

25.94 

1.27 

0.73 

0.079 

0.0031 

0.0029 

0.0113 

0.0208 

0.009 

0.008 

0.032 

0.058 


31 PER CENT Chromium Alloys 


No.C-90 

0.47 

0.20 

30.9 

1.30 

0.77 

0.05 

0.0042 

0.0186 

b.OlOO 

0.0379 

0.012 

0.052 

0.028 

0.106 

No.C-91 

0.44 

3.0 

30.9 

; 1.22 

0.72 

0,04 

0.0037“ 

0.0126 

0.0139 

0.0493 

0.010“ 

0.035 

0.039 

0.138 

No.C-92 

0.43 

8.2 

31.0 

1.28 

0.77 

0.07 

0.0017 

0.0043 

0.0061 

0.0471 

0.005 

0.012 

0.017 

0.132 

No.C-93 

^ 0.44 

12.1 

30.8 

1.24 

0.77 

0.06 

0.0026 

0.0038 

0.0104 

0.0337 

0.007 

0,011 

0.029 

0.094 

No.C-94 

0.46 

15.9 

30.8 

1.19 

i 0.73 

10.06 

0.0027 

0.0037 

0.0257 


0.008 

0.010 

0.072 


No.C-51.., 

0.43 

20.12 

30.71 

1.12 

0.73 

0.062 

0.0063“ 

0.0092 

0.0142 

0.0388 

0.018“ 

; 0.026 

0.040 

0.109 

No. C-S2 

0.44 

23.81 

.30.98 

1.13 

0.72 

0.058 

0.0050“ 

0.0126 

0.0120“ 

0.0474 

0 .014“ 

0.035 

0.034“ 

0.133 

No. C-53. . 

0.43 

27.44 

31.09 

1.17 

0.73 

0.057 

0.0076“' 

0.0100 

0.0219 

0.0259 

0.021“ 

0.028 

0.061 

0.073 

No. C-54 

0,44 

31.28 

30.79 

1.19 

0.73 

0.083 

0.0081 

0.0098 

0.0131 

0.0285 

0.023 

0.027 

0.037 

0.080 

No. C-S5 

0.43 

36.42 

30.35 

1.10 

0.71 

0.081 

0.0046“ 

0.0080 


0.0305 

0.013“ 

0.022 


0.085 

No, C-S6 

0.48 

40.25 

30.68 

I.IS 

0.70 

0.114 

0.0040“ 

0.0080 

0.0183“ 

0.0184 

0.011“ 

0.022 


0.052 

No. C-57 

0.44 

48.35 

30.62 

1.25 

0.67 

0.093 

0.0081 

0.0083 

0.0221 

0.0199 

0.023 

0.023 

0.062 

0.056 


36 PER CENT Chromium Alloys 


No. C-64 

No. C-65 

No. C‘66... 

0.45 

0.45 

0.45 

31.85 

36.18 

39.80 

35,50 

35.40 

35.68 

1.15 

1.26 

1.29 

0.68 

0.69 

0.70 

0.079 

0.114 

0.091 

0.0139 

0.0072 

0.0067“ 

0.0110 

0.0082 

0.0095 

0.0152“ 

0.0299 

0.0121 

0.0377 

0.0391 

0.039 

0.020 

0.019“ 

0.031 

0.023 

0.027 

0.043® 

0.084 

0.034 

0.106 

0.109 

Control Specimens 

No. C-22HT.... 
No. C-21 HH.... 
No. C-26 HH.... 

0.48 

0.331 

0.44 

35.50' 

11.45 

11.58 

16.15 

26.01' 

26.20 

1.33 

0.56' 

1.28 

0.80 

0.49! 

0.68 

0.069 

O.I 22 I 

0.073 

0.0021 

0.0050 

0.0011 

0.0056 

0.0096“ 

0.0143 

0.0156“ 

0.0181“ 

0.0130 

0.0485“ 

0.0191 

0.0155“ 

0.006 

0.014 

0.003 

0.016 

0.027“ 

0.040 

0.044“ 

0.051“ 

0.036 

0.136“ 

0.053 

0.043“ 


® Averages of two or more tests. 

^ Alloys CA-11 and CA-12 also contain 0.56 per cent molybdenum. 


20 , up to 30 per cent, results in a slight 
increase in corrosion, but additions be- 
yond 30 per cent tend to improve the 
alloy moderately. 

26 per cent Chromium , — ^The 26 per 
cent chromium alloys were found to have 
corrosion tendencies quite similar to 
those observed at the 21 per cent chro- 
mium level. That is, sufficient chro- 
mium was present to render the alloys 


quite corrosion resistant, and the nickel 
content of the alloy had but minor or 
negligible influence. However, at 2000 
F., there is a trend for the corrosion to 
decrease up to about 15 per cent nickel 
and to increase slightly in the range of 
about 20 to 40 per cent nickel. 

31 per cent Chromium . — ^At the 31 per 
cent chromium level, the corrosion re- 
sistance of the variable nickel alloys. 
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Fig. 2.— The Influence of Increasing Amounts of Nickel at the 21, 26, and 31 per cent Chromium 
Levels on Air Corrosion of Alloys at 1600, 1800, 2000, and 2200 F., as Determined in 100-hr. Tests. 
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appears to be similar to that of the probably related to the rate and type of 
corresponding alloys at the 26. and .21 scale formed. 

per cent chromium levels. That is, 36 per cent Chromium . — ^The influence 
nickel is not essential in imparting of nickel on corrosion resistance could 

corrosion resistance to these alloys, be- not be ascertained at this chromium level 

cause at these chromium levels the because of the limited range of alloy 

iron-chromium alloys are highly resistant composition available. However, there 

to corrosion in air. • appears to be an indication that the 36 

Nickel from 10 to 20 per cent appears per cent chromium alloys are similar to 

to be optimum at the chromium levels the 31 per cent chromium alloys, but 



Chromium, per cent Chromium, per cent 

Fig. 3. — ^The Effect of Chromium at Various Nickel Levels on Air Oxidation of Alloys at 1600, 1800, 

2000, and 2200 F. 


of 21, 26, and 31 per cent. Nickel 
contents above and below this range 
have generally resulted in slightly greater 
corrosion. This optimum nickel range 
appears to shift, and the extent of im- 
provement in corrosion resistance ex- 
hibited varies somewhat, depending upon 
the conditions of exposure. The increase 
in corrosion with increase in nickel in 
certain ranges is not completely under- 
stood but is thought to be real and is 


possibly slightly more severely attacked. 
Curves are not shown for this chromium 
level, but data are given in Table I. 

The Influence of Chromium on Air Cor- 
rosion: 

Figure 3 illustrates the influence of 
chromium at several nickel levels on air 
corrosion of alloys at 1600, 1800, 2000, 
and 2200 F. These curves have been 
drawn between 11 and 31 per cent 
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clirommm, the composition limits of the 
alloys studied. The broken portions of 
the curves at 0 per cent nickel for alloys 
containing less than 11 per cent chro- 
mium were approximately established 
by two materials: one a carbon steel 
(C-99), and the other a 5 per cent 
chromium steel (CA-11 and CA-12). 
The broken lines at the 12, 36, and 60 
per cent nickel levels are extrapolations 
from the available data. The nickel 
levels of 12, 36, and 60 per cent were se- 
lected for the graphs shown in Fig. 3 be- 
cause of extensive commercial use of 
alloys of these nickel contents. It is to 
be noted that the log scale in Figs. 1 and 
2 has not been used in Fig. 3. This was 
because the data available were not 
sufficiently extensive. 

It is quite apparent from Fig. 3 that, 
with no nickel present, chromium addi- 
tions up to 20 per cent are exceptionally 
influential in reducing the extent of metal 
loss by corrosion, especially at the higher 
temperatures. Chromium additions be- 
yond 20 per cent are shown to effect 
only small changes in corrosion resist- 
ance. However, at 2200 F., amounts 
up to 25 per cent chromium are shown 
to be beneficial 

At the 12 per cent nickel level, the 
effect of chromium is strong, though 
noticeably less than at zero per cent 
nickel. At 1600 and 1800 F., 20 per cent 
chromium, with the 12 per cent nickel, 
appears to be sufficient to reduce the 
corrosion rate to a minimum. At higher 
temperatures, however, greater amounts 
of chromium appear to be advantageous. 

Alloys containing 36 per cent nickel 
are indicated to have about equally good 
corrosion resistance at 1600 and 1800 F. 
when 10, 20, or 30 per cent chromium is 
present. However, at 2000 and 2200 F., 
alloys containing less than 20 per cent 
chromium were noted to be quite sus- 
ceptible to air corrosion. Twenty per 
cent chromium alloys were indicated to 


have good corrosion-resistant properties, 
and increasing the chromium content 
beyond this amount resulted in little or 
no further reduction in corrosion. 

At the 60 per cent nickel level, alloys 
containing 11 per cent chromium were 
noted to have good corrosion resistance 
at 1600 and 1800 F., but at 2000 and 
2200 F., at least 14 per cent chromium is 
indicated to be required for optimum 
corrosion resistance. 

The symbols HH, HT, and HW which 
appear in Fig. 3 and other diagrams are 
the Alloy Casting Inst, designations for 
the 25 per cent chromium, 12 per cent 
nickel; 36 nickel, 16 chromium; and 
60 nickel, 12 chromium alloys, respec- 
tively. 

The Influence of Chromium and Nickel 

on Air Corrosion: 

The contour curves on the ternary 
diagrams of Figs. 4, 5, 6, and 7 indicate 
the combined effects of nickel and 
chromium in imparting corrosion resist- 
ance, as determined by 100-hr. tests. 
The actual metal losses expressed in 
inches penetration per year are placed 
on the ternary diagrams at the locations 
which correspond to the actual com- 
position of the specimens tested. Iso- 
corrosion lines which represent different 
fixed intensities of corrosion, arbitrarily 
selected, were drawn through the points 
which represent those compositions that 
tend to corrode to the same extent. 

At 1600 F . — ^The influence of com- 
position on the extent of corrosion of 
iron-nickel-chromium alloys at 1600 F. 
is illustrated in Fig. 4, ■ The rates of 
corrosion penetration range from 0.641 
to 0.003 in. per year, depending upon 
the composition of the alloy. Nickel 
and chromium both are shown to reduce 
the corrosion rate. Chromium is con- 
siderably more effective than nickel, as 
is indicated by the slopes of the isocorro- 
sion lines. ' The'' relationship between 
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Nickel, per cent 

Fig. 4. — Metal Loss in Air Atmosphere at 1600 F. With Corrosion Expressed in Inches Penetra 
tion per Year. Alloys also contain about 0.4 per cent carbon, 1.25 per cent silicon, 0.75 
per cent manganese, balance iron. Above data are based on lOO-hr. tests. 






Nickel, per cent 

Fig. 5. — Metal Loss in Air Atmosphere at 1800 F. With Corrosion Expressed in Inches Penetra 
tion per Year. Alloys also contain about 0.4 per cent carbon, 1.25 per cent silicon^ 0.75 
per cent manganese, balance iron. Above data are based on lOO-hr. tests. 
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Nickel, per cent 


Fig. 6.— Metal Loss in Air Atmosphere at 2000 F. With Corrosion Expressed in Inches Penetra- 
tion per Year. Alloys also contain about 0.4 per cent carbon, 1.25 per cent silicon, 0.75 
per cent manganese, balance iron. Above data are based on 100-hr. tests. 





Nickel, percent 

Fig. 7."— Metal Loss in Air Atmosphere at 2200 F. With Corrosion Expressed in Inches Pene- 
tration per Year, Alloys also contain about 0.4 per cent carbon, 1.25 per cent silicon, 0.75 
per cent manganese, balance iron. Above data are based on 100~hr, tests. 
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the effectiveness of nickel and chromium 
is not constant^ but is altered as the 
chromium and/or nickel content is 
varied. 

There is a region of nickel and chro- 
mium contents which shows optimum 
corrosion resistance for this set of condi- 
tions, above and below which the corro- 
sion rate is increased. This area has 
been cross-hatched, and it will be noted 
that three well-known commercial alloys^ 
are in this area. The zone of optimum 
corrosion resistance has been observed 
to vary somewhat, depending upon the 
temperature and time of exposure, but 
such plateaus of good corrosion resistance 
have been noted at all of the tempera- 
tures studied. 

Ai^ 1800 F , — Figure 5 is a similar 
graphic representation showing the ex- 
tent of air corrosion at 1800 F. At this 
temperature, the range in corrosion 
penetration of the alloys is from 1.27 to 
0.007 in. per year. The relative influ- 
ences of nickel and/or chromium are sim- 
ilar to those noted at 1600 F. However, 
there is a definite indication of a shift 
toward alloys of higher chromium con- 
tent to provide a given resistance to 
corrosion. This indicates a need for 
greater amounts of chromium at the 
higher exposure temperatures, but it is 
to be noted that increasing the nickel 
improves the corrosion resistance, espe- 
cially up to about 20 per cent chromium. 

At 2000 F . — ^The ternary diagram of 
Fig. 6 indicates that at 2000 F. the zone 
of optimum corrosion resistance has 
shifted to even higher alloy contents 
than at 1800 F. The range in corrosion 
penetration at this temperature is indi- 
cated to be from 3.92 to 0.022 in. per 
year. Between 20 and 30 per cent 
chromium at the low-nickel area, there 
appears to be a plateau where the cor- 
rosion rate is constant over a moderate 
range of chromium variations. This 

3 Designations and compositions were given earlier in 
this paper. 


has been observed at all of the tempera- 
tures studied. ■ 

At 2200 F . — The metai-loss data of the 
alloys exposed to air corrosion at 2200 F. 
are presented in Fig. 7. The range in 
corrosion penetration is noted to vary 
from 6.67 to 0.055 in. per year. With 
two exceptions, the lower alloy metals 
have not been nivestigated at 2200 F., 


TABLE II.-THE MINIMUM AMOUNTS OF NICKEL 
REQUIRED AT VARIOUS CHROMIUM LEVELS FOR 
SATISFACTORY CORROSION RESISTANCE.® 


Chromium 
Content, 
per cent 

1 Minimum Nickel Content, per cent 

1600 F. 

1800 F. 

2000 F. 

2200 F- 

11 ........ 

26 

34 

48 

56 

16 

0 

16 

30 


21 

0 . 

0 

4' 


26 

0 

0 

3 

5® 

31 

0 

0 

0 1 

8 


® A corrosion penetration rate of 0.1 in. per year is 
arbitrarily^ selected to differentiate between satisfactory 
and unsatisfactory corrosion resistance. 

^Corrosion resistance somewhat inferior from about 
20 to 50 per cent nickel. 

^ Corrosion resistance somewhat inferior from about 
20 to 40 per cent nickel. 


TABLE III.-THE MINIMUM AiMOUNTS OF CHRO- 
MIU3M REQUIRED AT VARIOUS NICKEL LEVELS 
FOR SATISFACTORY CORROSION RESISTANCE.® 


Nickel 
Content, 
per cent 

Minimum Chromium Content, per cent 

1600 F. 

1800 F. 

- 2000 F. 

2200 F. 

0 

16 

22 

23 

31 

10 

15 

18 

20 

23 

20 ........ 

13 

IS 

18 

21 

30 


12 

16 

26 

40 

10^ ! 

10& 

13 

22 

50 

10^ 

10& 

11, 

IS 

60 

lOj 

10'* 

10? 

10, 

70 

10^ 

10^ 

10^ 

10^ 


® A corrosion penetration rate of 0.1 in. per year is 
arbitrarily selected to differentiate between satisfactory 
and unsatisfactory corrosion resistance. 

^The slopes of the contour curves for these alloys 
indicate that even less than 10 per cent chromium will be 
satisfactory. 


since their life expectancy is so short that 
their use at this temperature would be 
impractical. Since only the better al- 
loys were investigated, only a small 
variation in the corrosion rates was 
found, and the composition limits for 
certain intensities of corrosion could not 
be established with certainty. To indi- 
cate this uncertainty, the isocorrosion 
lines were drawn broken. 
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The Influence of Temperature: 

If an arbitrary value such as 0.04 gram 
per square inch per day (approximately 
0;l-in. penetration per year) is selected 
to differentiate between alloys suited for 
a particular service application and those 
whose corrosion rates are excessive, the 
data in Tables II and III illustrate the 
indicated minimum amounts of nickel 
and chromium required. 

These tables indicate a need for greater 
alloy content as the exposure tempera- 
ture is increased. Chromium is notice- 


increase in corrosion rate of 2.7 times for 
each 200 F. rise in temperature. This is 
illustrated in Fig. 8. 

The optimum range shown in Fig. 8 
indicates the minimum corrosion rate of 
the iron-nickel-chromium alloy range 
encountered at the various temperatures 
of testing. The alloys which show maxi- 
mum cormsion at the various tempera- 
tures are not likely to be recommended 
for these temperatures by producers. 
Referring again to the arbitrarily selected 
value of about 0.1-in. penetration per 



Fig. 8.— -The Maximum and Minimum Intensities of Corrosion Encountered in Air Corrosion Tests 
of Iron-Nickel-Chromium Alloys at 1600, 1800, 2000, and 2200 F. 


ably more efficient than nickel in 
providing corrosion resistance. There 
appear to be two general composition 
ranges where optimum corrosion resist- 
ance is attained; namely, in the vicinity 
of 26 per cent chromium, 20 per cent 
nickel and in the vicinity of 16 chromium, 
60 nickel. 

Increasing the exposure temperature 
from 1600 to 2200 F. at 200 F. incre- 
ments results in increased corrosion for 
the entire alloy range in the approximate 
ratios of 1 to 2.7 to 7.0 to 20.0, or an 


year as acceptable corrosion resistance, 
it is evident from Fig. 8 that such a value 
is easily obtained at the lower tempera- 
ture, but at 2200 F. optimum composi- 
tions are required. 

Investigation of Miscellaneous Alloys: 

Two special series of alloys were in- 
vestigated to supplement the survey 
made on the corrosion resistance of iron- 
nickel-chromium alloys at elevated tem- 
peratures. These include a variable- 
carbon^ series, and a variable-silicon 
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series of the 26 per cent chromium, 20 
per cent nickei type alloy. 

The Influence oj Carbon on Air Corrosion: 

Four alloys of the 26 per cent chro- 
mium, 20 per cent nickel ty^t (C-95, 
C-96, C-97, and C-98) having carbon as 
a variable constituent were exposed to 
air corrosion at 1600, 1800, 2000, and 
2200 F. Their actual compositions and 
calculated corrosion rates are presented 
in Table IV. 

The range in carbon content from 0.37 
to 1.01 per cent for the allo3iS shown in 


trend for the corrosion to be more severe 
as the carbon content increases, but this 
variation is slight except in the tests at 
2200 F., where the change in carbon 
content from 0.71 to 1,01 per cent in- 
creases corrosion three to four times. 
Certainly the test at 1600, 1800, and 
2000 F. do not show the marked change 
in corrosion with increased carbon con- 
tent which would be predicted from 
decreasing the chromium in the matrix 
from about 20 to about 10 per cent. 
This probably means that the major 
mechanism by which the chromium 


TABLE IV.-EFFECT OF CARBON AND SILICON VARIATIONS IN 26 CHROMIUM-20 NICKEL TYPE 
ALLOYS ON CORROSION RATES IN AIR AT 1600 TO 2000 F. 


Alloy Number j 

i 

] 

Chemical Composition, per cent 

Metal Loss 

Grams per sq. in. per day 

Inches Penetration per yea 

Car- 
bon j 

Nick- 

el 

Chro- Sili- 
mium con 

Man- 

ga- 

nese 

1600 F. 

1800 F. 

2000 F. 

2200 F. ^ 

1600 

F. 

1800 

F. 

2000 

F. 

2200 

F. 


Alloys with Carbon Variations 


No. C-95 

0.37 

20.0 

26.7 

1.27 

0.99 

0.0014 

0.0032 

0.0111 

0.0341 

0.004 

0.009 

0.031 

0.095 

No. C-96 

0.47 

20.0 ; 

26.8 

1.25 

1.03 

0.0009 

0.0035 

0.0112 

0.0384 

0.003 : 

0.010 

0.031 

0.108 

No. C-97 

0.71 

19.9 ! 

26.6 

1.17 

0.99 

0.0018 

0.0035 

0.0111 

0.0328 

0.005 

0.010 

0.031 

0.092 

No. C-98 

1.01 

20.2 

26.5 

1.25 

1.02 

0.0026 

0.0058 

0.0129 

0.1259 

0.006 

0.016 

0.036 

0.353 


Alloys with Silicon Variations 


No. CA-1 

0.32 

19.9 

26.0 

0.50 

0.50 

0.0050 

0.0040 

0.0136 

0.0117 

0.0093 

0.0297 

0.0197 

0.0178 

0.014 

0.012 

0.038 

0.083 

No. CA-2 

0.30 

20.0 

26.5 

0.84 

0.53 

0.0037 

: 0.0039 
0.0035 

0.010 

0.011 

0 033 

0 055 

No. CA-3 

0 30 

19.7 

26.3 

1.21 

0.53 

0.010 

0.026 

0.050 

No. CA-4 ... 

0.30 

20.1 

26.7 

1.62 

0.58 

0.0016 

0.0020 

0 .0097 

0.0175 

0.004 

0 .006 

0.027 

0.049 

No. CA-5 

0.31 

20.1 

26.6 

2.12 

0.58 

0 .0022 

0.0096 ' 

0.0155 

0.006 

0.027 

0.043 

No. CA-6 1 

0.30 i 

19.9 

26.5 1 

2.51 

0.59 

o’oois 

0.0017 

0.0052 

0.0152 

0.004 

0.005 

0.015 i 

0.043 

No. CA-7 - 

0.30 

19.8 

26.6 

3.08 

0.60 

0.0011 

0.0014 

0.0082 

0.0171 

0.003 

0.004 

0.023 

0.048 



Table IV is sufficient to make a sub- 
stantial difference in the amount of 
chromium required for the formation of 
carbides and, therefore, in the amount 
of chromium remaining in the matrix. 
Assuming that all of the carbon combines 
with 16 times its weight of chromium, 
the calculated chromium content in the 
matrix of the low^carbon alloy will be 
about 20 per cent, whereas it will be only 
about 10 per cent in the alloy of highest 
carbon content. Thus, the ratio of 
chromium in the matrix of these two 
alloys will be about 2 to 1 . Examina- 
tion of the data in Table IV shows a 


provides air-corrosion resistance in this 
type of alloy is by the formation of a 
protective scale, and that there is no 
essential difference in the ability of the 
scale to provide corrosion protection if 
the chromium in the scale was derived 
from chromium in the matrix or chro- 
mium in the form of the carbide. From 
the data now available, it appears that, 
for this type of alloy, variations in carbon 
contents within the range of 0.37 to 
0.71 per cent have little effect on corro- 
sion at temperatures in the range of 
1600 to 2200 F., but that a further 




Alloy No. C-70 C-71 C-72 C-73 C-74 C-75 C-76 C-77 C-78 C-79 

In.peryr. 2.91 3.92 2.59 2.12 2.10 2.13 1.97 2.63 1.46 0.849 

Fig. 9. — Appearance of Some Heavily Attacked Alloys Exposed to an Air Atmosphere at 2000 F. 

for 100 hr. 


Alloy No. €-2 €-6 C-10 C-12 C-18 C-32 C-37 C-21 G-22 C-26 

In.periT. 1.59 0.303 0.025 0.101 0.039 0.046 0.028 0.051 0.048 0.036 

Fig. 10.— Appearance of Lightly Attacked Alloys Exposed to an Air Atmosphere at 2000 F. for 100 hr. 
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increase of 0.30 per cent carbon does 
make a substantial difference at 2200 F, 

The Effeci of Silicon on Air Corrosion: 

The effect of variations in silicon con- 
tent from 0.5 to 3.1 per cent in an alloy 
of the 26 per cent chromium, 20 per cent 
nickel type has been studied, and the 
data are also given in Table IV. Exam- 
ination of these data shows that there is 
a trend for the cbrrosion to decrease as 
the silicon content is increased, particu- 
larly in the range of 0.5 to 1.5 or 2 per 
cent. This relation is found at all of 
the temperatures, and, in general, the 
lowest corrosion was found for silicon 
contents of 2.5 or 3 per cent. It must 
be pointed out, however, that alloys 
containing 26 per cent of chromium have 
good corrosion resistance in air and that 
the improvement by increasing the 
silicon content is not striking. It is 
recognized that, in alloys which do not 
have an adequate content of chromium 
to provide corrosion resistance, silicon 
is highly effective as a supplementary 
alloying element, as was pointed out by 
Harder and Gow'^ in connection with 
their work on an emergency heat-resist- 
ant alloy in which relatively low chro- 
mium contents were used, such as 10 
to 12 per cent. 

Appearance of Specimens After Corrosion 

Testing: 

The examination of the specimens 
upon removal from the furnace indicated 
the formation of adherent, nonadherent, 
and various stages of semiadherent scales 
of the mono- and multilayer varieties. 
Figures 9 and 10 are photographs show- 
ing some of the variations in oxide scale 
formation of a few of the specimens 
which had been exposed to an air 
atmosphere at 2000 F. for a 100-hr. 
period. These photographs show the 
specimens before and after the electro- 


lytic descaling operation. The nickel 
and chromium contents are listed above 
the individual specimens, and the calcu- 
lated corrosion rates in terms of inches 
penetration per year are listed below 
them. 


The influence of nickel and chromium 
content on the extent of corrosion is 
apparent in these photographs. 



:# 


Fig. 11. — Seniiscale Zone of Alloy C-72 After 100- 
hr. Exposure to Air Atmosphere at 
2000 F.(X 1000). Unetched. 

Alloys containing small amounts of 
nickel (see Alloys C-71 and C-77 in 
Fig. 9) have been observed to be more 
strongly attacked than nickel-free or 
higher nickel alloys of the same chro- 
mium content. This is thought to be 
related in some way to the nature of the 
scale formed. The oxide scale of speci- 
men C-71 in Fig. 9 is showm to be intact, 


^Transactions t Am. Soc. Metals, Vol. 32, p. 408 (1944). 
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whereas alloy C-78 appears to have had 
its scale flake off. The scale of , alloy 
C-75, shown to be semiadherent, appears 
to be composed of four layers. 

The complete removal of the scale is 
essential to precision, since the corrosion 
rates are calculated from weight-loss de- 
terminations. However, this is not al- 
ways possible. Alloys C-70, C-71, C-72, 
and C-73, when descaled (see Fig. 9), 
do not seem to have a completely metallic 
surface even after repeated and pro- 
longed descaling. Upon microexamina- 
tion, a semimetallic zone as shown in 
Fig. 11 was observed. This formation 
made complete descaling practically 
impossible so that a source of error was 
necessarily introduced with some com- 
positions. However, this formation is 
associated with heavily attacked speci- 
mens, thereby making the percentage of 
error small. The data for descaled speci- 
mens are considered much more reliable 
than weight-gain and weight-loss data 
for scaled specimens which have been 
used in some published researches. 

Specimens of higher nickel and chro- 
mium contents are shown in Fig. 10. 
The only specimen which shows excessive 
corrosion is C-2 with 24 per cent nickel 
and 11 per cent chromium. The scale 
did not show flaking. All of the other 
specimens showed various degrees of 
semiadherence. That is, part or all of 
the outer scale had been rejected in 
cooling. Alloy C-6 shows part of the 
outer scale retained, and alloy C-12 
shows no outer scale. 

Flaking of Oxide Scale: 

In determining the corrosion of alloys 
at high temperatures, the appearance and 
adherence of the oxide coatings were 
studied. Because of their observed 
properties, they were placed into three 
general categories: (1) adherent, (2) 
semiadherent, and (3) free-flaking. 

As implied by the term itself, adherent 
scale cannot be removed mechanically, 


as by prying. Free-flaking scales are 
those which flake vigorously in small 
particles and may be thrown a distance 
of several feet. This phenomenon is 
attributed to the difference in thermal 
contraction properties between the metal 
and its oxide. The other term, semi- 
adherent, falls between the above two. 

In a study made at 1800 F., alloys of 
11 and 16 per cent chromium containing 
less than 30 per cent ^nickel were gen- 
erally observed to be of the free-flaking 
type, with the exception of the very 
low-nickel alloys which appeared to be 
of the semiadherent and adherent types. 
Alloys having scales of the free-flaking 
type may lose 50 per cent or more of 
their scale by vigorous flaking and retain 
the remainder as an adherent coating. 
Most alloys, however, form scales that 
are combinations of these three general 
types, and their characteristics may 
change somewhat with the testing tem- 
perature, type of atmosphere, and dura- 
tion of exposure. 

Most of the alloys shown in Fig. 9 are 
classed as forming semiadherent scales, 
and most of those in Fig. 10 are classed 
as free-scaling. Alloy C-2 in Fig. 10 
perhaps should be classed as forming an 
adherent scale. 

1000-HR. Air-Corrosion Tests 
at 1800 F. 

The data in this paper so far have 
been based on the results of tests run for 
100 hr. of continuous heating. It was 
desirable to determine the effect of 
longer periods of time and to make a 
comparison between continuous heating 
and interrupted heating. A third vari- 
able has been introduced in which the 
specimens, in addition to being subjected 
to interrupted heating, have been sub- 
jected to light tumbling which removed 
some of the scale. These tests have 
been continued for 1000 hr. and are 
described briefly as follows: 
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TABLE V.— SUMMARY OF METAL LOSS DATA OF AIR-CORROSION TESTS MADE AT 1800 F. UNDER 
V. u di fferent EXPOSURE CONDITIONS. 

Calculated Corrosion RateSj in. per 
year 


Compositions of Alloys, per cent 


1000“hr. Tests 







lOO-hr. 


Nickel“ 

Chro- 

mium 

Silicon 

Manga- 

nese 

i 

Nitro- 
j gen 

Tests 

Contin- 

uous 


11 PER CENT Chromium Alloys 


m, c-70., 
No. C-71., 


No.C-8 

No.C-9 

No. C-10 


0.45 

0.13 

11.0 

1.31 

0.78 

O.OS 

1.27 

0.306 


0.45 

3.0 

10.9 

1.30 

0.76 

0.05 

0.928 

0.371 


0.45 

8.3 

11.0 

1.28 

0.75 

0.06 

0.963 

0.273 


0.45 

12.1 

11.0 

1.22 

0.78 

0.05 

0.804 

0.270 


0.40 

16.1 

11.0 

1.20 

0.72 

0,05 

0.800 

0.231 


0,34 

20.13 

11,21 

1.21 

0.76 

0.046 

0.855 

0.164 

0.177 

0.34 

23.66 

11.01 

1.21 

0.76 

0.046 

0.566 

0.110 

0.118 

0.33 

27.37 

10.84 

1.21 

0,76 

0.046 

0.251 

0.027 

0.091 

0.35 

31.84 

11.12 

1.28 

0.82 

0.035 

0.073 

0.013 

0.062 

0.35 

35.57 

11.06 

1.28 

0.82 

0.035 


0.013 

0.032 

0.39 

39.31 

10,77 

1.28 

0,82 

0.035 

0.013 



0.31 

47.34 

11.09 

1.28 

0.84 

0.022 


d.dio 

d.oii 

0.37 

55.09 

11.21 

1.28 

0.84 

0.022 

d.'odo 



0.32 

63.03 

10.98 

1.36 

0.90 

0.008 

0,007 

d,014 

d.ods 

0.37 

69.07 i 

10.87 

1.36 

0.90 

0.008 

0.008 

0.013 

0.008 


16 PER CENT Chromium Alloys 


No, C-U 
No. C45 



0.47 

0.11 

16.0 

1.26 

0.78 

0.03 

0.347 

0.174 



0.43 

3.0 

16.1 

1.23 

0.75 

0.04 

0.661 

0,228 



0.45 

8.2 

1S.7 

1.20 

0.75 

0.06 

0.499 

0.282 



0.46 

12.0 

15.8 

1.22 

0.77 

0.06 

0.222 

O.OiS 



0.44 

16.2 

15.8 

1.18 

0.69 

0.06 

0.139 

0.013 



0.47 

20.00 

16.17 

1.16 

0.80 

0.050 

0.054 


0.037 


0.48 

24.10 

16.02 

1.16 

0.80 

0.050 

0.055 


0.029 


0.50 

27.55 

16.25 

1.16 

0.80 

O.OSO 

0.021 

d.dio 

0.019 



t 

0.45 

32.20 

15.98 

1.24 

0.80 

0.075 

0.024 

O.OIS 



0.45 

36,43 

15.98 

1.24 

0.80 

0.075 

0.010 

0.007 

d.di2 


0.46 

40.34 

15.98 

1.24 

0.80 

0.075 

0.011 



J 

0.40 

47.95 

15.73 

1.25 

0.84 

0.057 

0.010 

d.006 

0.007 

i 

0.40 

56.07 

15.86 

1.25 

0.84 

0.057 

0.010 



) 

0.39 

60.95 

15.73 

1.24 

0.84 

0.032 

0.008 

d.’ddo 

0.004 

) 

0.42 

68.13 

15.90 

1.24 

0.84 

0.032 

0.007 

0.004 

o.oos 












21 PER CENT Chromium Alloys 


No.C-80 0.44 

No. C-81 0.43 

No. C-82 0.45 

No. G43.. 0.47 

No. C-84 0.44 

No. C-31 0.46 

No. C-32 0.46 

No. C-33 0.47 

No. C44 0.47 

No. C-35 0,47 

No. C-36 0.46 

No.C-37.... 0.46 

No. C-38 0.45 

No.C-39 0.45 


0.006 0.008 


26 PER CENT Chromium Alloys 


No. C-85..... 

No.G-86.......... 

No. C-81 

No.C-SS 

^ No. C-«9 

No.G-41,.,.. 

No.C-42... 

No. C-43.......... 


No,C-48........ 


0.45 

0.16 

25.8 

1.34 

, 0.43 

3.0 

25.9 

1.32 

0,45 

8,2 

25.8 

1.30 

0.47 

12.1 

25.6 

1.23 

0.45 

16.0 

25.8 

1.15 

0.46 

20.12 

25.47 

1.12 

0.47 

23.48 

26.00 

1.23 

0.47 

27.40 

25.78 

1.22 

0.4S 

31.80 

25.64 

1.22 

0.49 

35.94 

25.92 

1.22 

0.45 

40.15 

26,08 

1.24 

0.49 

48.04 : 

25.93 

1.17 

0.42 

55.82 

25.94 

1.27 


0,005 .... 

0.004 0.006 
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TABLE Y-~€oniinuei 









1 Calculated Corrosion Rates* in. per 



Compositions of Alloys, per cent 



year 


Alloy 








1000-hr. Tests 

Carbon 

Nickel 

Chro- 

mium 

Silicon 

Manga- 

nese 

Nitro- 

gen 

iOO-hr. 

Tests 

Contin- 

uous 

1 

Inter- 

rupted 

Inter- 

rupted 

and 

Tumbled 


31 PEK CENT Chromium Alloys 


No. C-90; 

0.47 

0.20 

30.9 

1.30 

0.77 

0.05 

0.052 

0.006 



NO..C-91 

0.44 

3.0 

30.9 

1.22 

0.72 

0.04 ! 

0.035 

0.005 


d.odV 

No. C-92 

0.43 

8.2 

31.0 

1.28 

0,77 

0.07 j 

0.012 

0.003 



No. C-93..... 

0.44 

12.1 

30.8 

1.24 

0.77 

0-06 1 

0.011 

0.003 


d.odd 

No. C-94..... .. 

0.46 

15.9 

30.8 

1.19 

0.73 

0.06 

0.010 

0.003 



No. C-Sl... 

0.43 

20.12 

30.71 

1.12 

0.73 

0.062 ! 

0.026 

0.005 

d.dds 


No. C-S2. .. 

0.44 

23,81 

30.98 

1.13 

0.72 

0.058 1 

0.03S 



d.odd 

No. C-53 

0.43 

27.44 

31.09 

1.17 

0.73 

0.057 

0.02S 

0.005 

d.dos 


NO.C-S4 

0.44 

31.28 

30.79 

1.19 

0.73 

0.083 

0,027 



d.dod 

No, G-55 

0.43 

36.42 

30.35 

1.10 

0.71 

0.081 

0.022 

0.006 

d.dds 


No. C-56 

0.48 

40.25 

30.68 

1.18 

0.70 

0.114 

0.022 



d.dd? 

No. C-S7 

0.44 

48.35 

30.62 

1.25 

0.67 

0.093 ^ 

0.023 

0.004 

0.006 



36 PER CENT Chromium Alloys 


No.C-64 

0.45 

31.85 

35.50 

1.15 

0.68 

0.079 

0.031 1 

0.008 

0.004 

0.006 

No,C-65 

0.45 

36.18 

35.40 I 

1.26 

0.69 

0.114 

0.023 i 

0.005 

0.006 


No. C-66 

0.45 

39.80 

35.68 I 

1.29 

0.70 

0.091 

0.027 

0.005 

0.005 



{a) The specimens were heated continuously 
at 1800 F. for 1000 hr. Other conditions for 
making the tests were the same as those described 
earlier for the tests run for the period of 100 hr. 

{h) The specimens were heated as in {a) 
above except that at 24-hr. intervals they were 
removed from the furnace, cooled to room tem- 
perature and returned to the furnace. This 
cycle was continued for a total of 1000 hr. in 
the furnace. 

{c) In this run, the procedure was as in {h), 
except that the specimens were subjected to a 
tumbling operation for 5 min. to remove loosely 
adhering scale and weighed before they were 
reinserted into the furnace. 

The compositions of the alloys in- 
cluded in these tests are given in Table 
V, and it will be noted that alloys at 
five chromium levels with nickel as a 
variable have been investigated. The 
tabulated data are in terms of corrosion 
penetration calculated to inches per year. 
Data for 100-hr. tests are included for 
comparison purposes. The results of 
these tests are shown graphically in Figs. 
12 and 13. Figure 12 relates to alloys 
at the chromium levels of 11 and 16 
per cent with variable nickel contents, 
while Fig. 13 relates to alloys of chro- 


mium contents of 21, 26, and 31 per cent, 
with variable nickel contents. 

11 per cent Chromium . — ^Referring to 
Fig. 12 and to alloys containing 11 per 
cent chromium, comparisons may be 
made of the rates of penetration under 
the four testing conditions and as the 
nickel content varies from zero to 70 per 
cent. For nickel contents of zero to over 
30 per cent, it is evident that the indi- 
cated rate of corrosion penetration from 
the 100-hr. tests is substantially greater 
than that for the 1000-hr. continuous 
exposure test. However, at 40 per cent 
nickel and above, there is little diSerence 
in the results as a function of the time of 
testing. The most significant difference 
between the results of continuous and 
interrupted heating is found for alloys 
of this chromium content when the 
nickel is between about 20 and about 
SO per cent. It is most pronounced 
between ^30 and 40 per cent, with the 
interrupted exposure showing the higher 
rate of corrosion penetration. This is 
attributed to the tendency of alloys in 
this group to be free scaling so that the 
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Fig. 13. '-“Comparison of Corrosion Penetration Rates for 100-hr. and 1000-lir. Tests at 1800 F. 
Cbromium at 21, 26 , and 31 per cent with variable nickel contents. 
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parent metal is not fully protected by all 
the scale formed. Light tumbling 
showed higher rates of penetration at 
all nickel contents than either the con- 
tmuous or interrupted exposure, and for 
the higher nickel contents gave higher 
values than those indicated for the 
100”hr. tests. 

16 per cent Chromium , — Figure 12 also 
shows the results of tests on alloys of 
16 per cent chromium with variable 
nickel contents. The results of 100-hr. 
tests indicate substantially higher rates 
of penetration than the lOOO-hr. tests, 
especially for alloys containing up to 
30 to 40 per cent nickel, above which 
the difference is comparatively small. 
Data are incomplete for comparisons be- 
tween continuous and interrupted heat- 
ing in the 1000-hr. tests, but interrupted 
heatings show a substantially greater 
rate of penetration in the range of 20 to 
30 per cent nickel, but at the higher 
nickel contents there were comparatively 
little differences. The commercial HT 
alloy (36 per cent nickel, 16 per cent 
chromium) may be mentioned in connec- 
tion with this group. For alloys of this 
composition, it is indicated that there is 
comparatively little difference between 
continuous and interrupted heating, and 
the results of 100-hr. tests may be con- 
sidered as fairly indicative of longer ex- 
posure tests, at least up to 1000 hr. 
Again, light tumbling in general in- 
creased the rate of corrosion penetration. 

21 per cent Chromum , — Figure 13 
shows the rate of corrosion penetration 
under the four conditions of testing for 
21, 26, and 31 per cent chromium alloys 
with variable nickel contents. 

Considering the 21 per cent chromium 
alloys, there is a very marked difference 
hi the rates of corrosion penetration as 
calculated from the 100-hr, test as com- 
pared with those from the 1000-hr. test 
in the nickel-free alloys, with this dif- 
ference decreasing rather rapidly to about 


20 per cent nickel. Above 20 per cent 
nickel, the rates of penetration for these 
two conditions of test are parallel, but 
with the calculated values for the shorter 
time of testing being somewhat greater. 
Only a limited comparison can be made 
between continuous and intermittent 
heating, but the data suggest that inter- 
mittent heating may be somewhat more 
severe at 20 per nickel and less but there 
is essentially no difference for the higher 
nickel contents. Intermittent heating 
and tumbling give a closely similar value 
for a nickel-free alloy, but there is a sub- 
stantial difference with an 8 per cent 
nickel alloy, with this difference ^decreas- 
ing as the nickel content increases up 
to about 30 per cent nickel. With 30 
per cent nickel and higher, the specimens 
which were tumbled showed somewhat 
greater penetration than either the 
continuous or intermittent heating, but 
still they gave values somewhat less than 
those calculated from the 100-hr. test. 
The tests at different chromium levels 
are of some interest because alloys such 
as 20 Cr-25 Ni would be included, and 
it is indicated that such alloys would 
show relatively little scaling or only 
nominal variations in rates of penetration 
calculated from 100 and 1000-hr. tests. 

26 per cent Chromium , — ^The data for 
the 26 per cent chromium alloys show 
quite a marked difference, about 10 to 1, 
for the corrosion penetration of the 
nickel-free alloys as calculated from the 
100-hr. test as compared with those 
calculated from the 1000-hr. test. This 
difference decreases as the nickel content 
is increased to about 20 per cent nickel, 
above which the relations are quite con- 
sistent. While the data are somewhat 
limited, it is indicated that the rates of 
corrosion penetration, as determmed by 
continuous and intermittent heating, are 
closely similar. Tumbling the specimens 
increased the rate of corrosion penetra- 
tion slightly, but the results for the 
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1000-hr. tests under this condition were 
in all cases lower than those indicated 
for the lOO-hr. tests. This group of 
alloys is of interest because it includes 
the HH type with 25 per cent chromium 
and 12 per cent nickel. It is to be noted 
that the results of the 100-hr. tests indi- 
cate about four times the penetration 
indicated by the 1000-hr. tests. This, of 
course, means that this alloy forms an 
adherent scale which retards further 
corrosion penetration. 

31 per cent Chromium . — ^The results of 
the tests on alloys of 31 per cent chro- 
mium with variable nickel contents show 
that the 100-hr. tests indicate a much 
higher rate of penetration for all nickle 
contents than do the 1000-hr. tests. It 
is to be noted that both of these methods 
of testing show decreasing rates of corro- 
sion penetration as the nickel content is 
increased to about 10 per cent and then 
show an increase in corrosion penetration 
starting at about 20 per cent nickel. 
The indications are that continuous and 
interrupted exposure tests give essen- 
tially the same results. For the most 
part, tumbling had little effect on corro- 
sion penetration, except that the 12 per 
cent nickel alloy showed greater corro- 
sion penetration than on continuous 
heating. 

Tests of 1000-hr. duration have not 
been made at 1600 F. or at the higher 
temperatures of 2000 or 2200 F. It is 
not considered possible to predict from 
the tests at 1800 F. what the results 
would be at either higher or lower tem- 
peratures except in some very general 
way. However, the principle is rather 
well established that those alloys which 
form protective scale retard further 
corrosion penetration, and the rates as 
calGulated from 1000-hr. tests are sub- 
stantially lower than those calculated 
from 100-hr. tests, and it seems probable 
that, in long-periods-of-service tests, such 
alloys will show up favorably. On the 


other hand, certain alloys form less pro- 
tective coatings, and the results of 
short-time tests are rather closely similar 
to the results of longer time tests. 

Summary 

The resistance of iron-nickel-chro- 
mium alloys to corrosion in air has been 
studied at temperatures of 1600, 1800, 
2000' and 2200 F. Some iron-chromium 
alloys have been studied for compari- 
son purposes. Most of the tests were 
run for 100 hr. of continuous heat- 
ing in an atmosphere saturated with 
water vapor at 90 F. Longer tests of 
1000-lir. duration have been made on 
selected alloys under three conditions 
of test: {a) continuous heating, {b) in- 
terrupted heating, and (c) interrupted 
heating with light tumbling before the 
specimens were replaced in the furnace. 

In addition to showing the data in 
tabulated form, curves have been drawn 
to show the effect of nickel and chromium 
variations, and isocorrosion lines have 
been drawn on ternary diagrams. At 
each temperature, the isocorrosion lines 
show that there is a plateau or region of 
best corrosion resistance and that this 
region shifts somewhat as the testing 
conditions are varied. Three commer- 
cial alloys were included in the tests, 
and their relative corrosion resistance to 
the other alloys of the series is indicated 
on the ternary diagrams for the dif- 
ferent testing temperatures. 

Tests run over a period of 1000 hr. 
show that, in general, the trends indi- 
cated by 100-hr. tests -were also found 
for the longer testing periods, although 
substantial differences were found in 
certain alloy compositions with a tend- 
ency for the indicated rate of corrosion to 
decrease as the testing time was in- 
creased. These relations are brought 
out in graphic form and are also shown 
in the tabulated data. Certain alloy 
compositions show more rapid corrosion 
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when subjected to intermittent heating 
and cooling than when heated continu- 
ously. The greater rates of corrosion 
under conditions of intermittent heating 
are attributed to loss of scale during the 
heating and cooling operations; espe- 
cially the latter. 

:No claim is made that the results of 
these tests made in air can be used as 
a basis for the selection of alloys to be 
used ill the more complicated atmos- 
pheres encountered in industry. How- 
ever, it is concluded that the tests made 
in air for a period of 100 hr. give safe 
indications of the resistance of these 
alloys to air corrosion, but with certain 
alloy compositions, longer exposures 
give a more positive indication of the 
service performance. 
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DISCUSSION 


Mr. Leo Schapiro.^ — 1 should like 
to ask whether the descaling was by the 
sodium hydride method. If not, would 
the authors give us a description of the 
' method used. 

Mr. C. T. Evans.^ — This is an ex- 
. cellent piece of work, as far as it goes, 
but due to the large number of failures 
which have occurred in heat-resistant 
alloys over the past twenty years, and 
which have been unpredictable from 
weight-loss data, I do not believe the 
conclusions presented here are justified. 
I am referring particularly to the type 
of failure which results from intergranu- 
laroxidation. Also, there is graphitization 
to be considered. Sulfidation likewise 
cannot be determined from weight-loss 
studies. I am sure that Mr. Harder is 
aware of this, and I should like to know 
what is being done to examine these 
samples to determine what damage may 
have occurred from these causes. 

Mr, Howard S. Avery.^ — ^Tbe differ- 
ence in behavior under service conditions 
in comparison with laboratory tests may 
be important, even if the gaseous envi- 
ronment is the same. Stress is fre- 
quently a factor that is absent in labora- 
tory tests. 

After creep tests, which are made in 
air with constant temperature and ap- 
plied tensile stress, we have noted fre- 
quent evidence of intergranular cracking, 
or incipient failure that is indicated by 
oxidized grain boundary surfaces on the 
fracture face after breaking the creep- 
tested specimen in tension at room tem- 
perature. Microscopic examination usu- 
ally reveals cracks that follow grain 
boundaries in these cases. They appear 
to be the first stage of failure in stress- 
rupture tests. Examples are presented 
in the accompanying Fig. 14. 

There may also appear a decarburized 

1 Chief Metallurgist, Douglas Research Labs., Douglas 
Aircraft Co., Inc., Santa Monica, Calif. 

* Chief Metallurgist. Elliott Go., Jeanette, Pa. 


layer extending for a few, thousandths 
of an inch below the surface. There is 
reason to speculate whether this may 
contribute to failure, as most of the heat- 
resistant alloys depend considerably on 
the strengthening effect of carbon. 
Whether the weakness of a carbon de- 
pleted zone and intergranular oxidation 
operate singly or together, it is obvious 
that gaseous corrosion may influence 
service life by mechanisms superim- 
posed on the cross-sectional area reduc- 
tion implied by the surface metal loss 
or penetration values derived from 
laboratory tests. 


TABLE VI.-HOT GAS CORROSION IN AN 
INDUSTRIAL FURNACE AT 1940 F. 


Heat No. 

i 

C 

Chew 

Mn 

Eiical 
per < 

Si 

Ana! 

:ent 

Ni 

! 

lysis, 

Cr 

N 

Total 
Test 
Per- 
; iod, 
hr. 

Aver- 

age 

Cor- 

rosion 

Rale,® 

inches 

per 

year 

HT-14 

0.14 

0.72 

1.2 

34.7 

16.4 

0.05 

8100 

0.135 

HT. 35 . 

0.35 

0.67 

1.3 

34.9 

16.0 

0.05 

8100 

0.235 

HT-44 

0 . 44 ; 

0.74 

1.2 

34.9 

10.4 

0.05 

8100 

0.210 

HT-47 

0.47 

0.82 

1.2 

.34.9 

16.0 

0.04 

5150 

0.125 

HT-56 

0.56 

0.80 

1.3 

34.8' 

15.9 

0.04 

5150 ’ 

0.163 

HT-61 

0.61 

0.76i 

1.3 

34.6 

16.1 

0.05 

5150 

0.173 

HT-70.. 

0.70 

0.81 

1,3 

34.7 

16.5 

0.05 

5150 

0.155 

HH-32... 

0.32 

0.54 

1.2 

12.8 

26.7 

0.16 

8100 

0.155 

HH-31 

0.31 

0.55, 

1.2 

11.2 

26.8 

0.16 

8100 1 

0.095 

C-4 

0.35 

0.821 

1.28! 

31.8 

11.1 

0.04 

2110 

0.390 

C-14 

0.45 

0.80| 

1.24 

.32.2 

16.0 

0.08 

2110 

0.120 

C-16 

0.46 

0.8()' 

1 .24 

40.3 

16.0 

0.08 

2110 

0.070 

C-34 

0.47 

0 . 77 ' 

1.21 

32.3 

20.9 

0.07 

2110 

0.040 


® For 50 per cent operation with gas and 50 per cent 
with fuel oil. 


The gaseous environment may also be 
an important variable. The accom- 
panying Table VI includes some data 
from a field test made under indus- 
trial service conditions. The alloys, un- 
stressed, were exposed in a furnace 
operating intermittently at 1940 F. 
The specimens, some of which are iden- 
tical in composition with alloys included 
in the Alloy Casting Institute program, 
ware in the form of | by 1 by 2-in. blocks 
welded at one end to the bottom of a 
heat-resistant alloy tray whose sides 
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Chemical Analysis, per-cent 
C Mn Si Ni Cr N 

0.29 0.72 1.28 34-4 16.2 0.044 

Creep tested 630 hr. at 1800 F. and 2000 psi. Note the intergranular attack 
and the surface decarburization. 


Chemical Analysis, per-cent 
C Mn Si Ni Cr N 

0.56 0.71 1.22 34.7 16.4 0.036 

Creep tested 1003 hr. at 1800 F. and 2000 psi. Note the different type of 
surface attack and the similar decarburization. 

Fig. 14. — Grain Boundary Surface Attack During Creep Testing of HT .Alloys in Air (X 250) 

Etchant: Hot Alkaline KjFeCy® 
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direct flame impingement. The tray 
was rotated at intervals, during shut- 
down periods, to equalise exposure of the 
various specimens. The furnace was 
fired chiefly with natural gas, which has 
a low sulfur content, but at intervals a 
fuel oil (Standard Oil Co. of Indiana 
Industrial Fuel Oil Nos. 350 or 125) 
was substituted. 

A comparison of the periods of gas 
firing with those when oil was used indi- 
cates more severe corrosion with the 
latter. For 100 per cent gas firing, the 
rate for the HT alloys is about 0.08 in. 
per year surface metal loss, while with 
oil fuel 50 per cent of the time the rate 
is 0.18 ± 0.06 in. per year. 

The influence of chromium and nickel 
is shown clearly by alloys C-4, C-14, 
C-16, and C-34, confirming the conclu- 
sions of Messrs- Brasunas, Gow, and 
Harder. The corrosion rates at 1940 F. 
fall between those at 1800 and 2000 F. 
in air. Precise agreement is not ex- 
pected because of the difference in fur- 
nace atmospheres. 

If the authors would indicate the 
reproducibility of their test results and 
the probable error of the reported data it 
would be very helpful in the interpreta- 
tion of hot gas corrosion results. In 
their Fig. 1, alloy C-14 at 2000 F. is 
plotted at a penetration rate of 0.2 in. 
per year while the correlation line is 
drawn through about 0.09 in . per year. 
Alloy C-12 deviates by a comparable 
amount in the opposite direction. This 
suggests that dh 120 per cent deviation 
from the average may be encountered. 

Messrs. Brasunas, Gow, and 
Harder {authors^ closure by letter) —The 
authors are pleased to have received 
discussions of their paper from Messrs. 
Leo Schapiro, C. T. Evans, and Howard 
S. Avery. Mr. Avery’s contribution re- 
garding the degree of severity of corro- 
sion of a flue-gas atmosphere upon 
certain alloys similar in composition to 


those used in our air-corrosion tests 
makes a valuable addition to our paper. 

In reply tO' Mr. Schapiro, the sodium 
hydride method was not used, A 
method described by Mr. Heron in the 
S.A.E. Journal (see footnote 2 of the 
text) was found to be very satisfactory. 
In brief, a molten salt bath, consisting of 
60 per cent sodium hydroxide and 40 
per cent sodium carbonate, was heated 
to 1000 F. in a steel container which was 
connected to the positive pole of a 6-v, 
storage battery and served as an anode. 
The specimen, connected to the negative 
pole of the battery, became the cathode 
when submerged in the salt bath. A 
current density of about 400 amp. per 
square foot of specimen surface area was 
generally maintained for approximately 
2 min., but the time interval was varied 
in certain instances, depending upon the 
adherence and extent of scale formation. 
The specimen was then quenched directly 
into water. 

Scale removal results partly from the 
thermal shock of the descaling operation, 
but mainly from the electrolytic action. 

In regard to Mr. Evans’ remark to the 
effect that weight-loss data have not 
generally predicted failures that have 
occurred in heat-resistant alloys in ser- 
vice applications, we most fully agree. 
We also are of the opinion that certain 
-alloy compositions which are prone to 
intergranular or interdendritic oxidation 
may be damaged more severely by this 
type of attack than by general surface 
scaling. However, a generalization on 
this point covering the whole realm of 
Fe-Ni-Cr alloys cannot be made. 

We have observed relatively shallow 
corrosion penetration along the primary 
carbides of the structure for certain alloy 
compositions exposed in the elevated- 
temperature air-atmosphere corrosion 
tests without stress being applied to the 
material* 
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Figure 15 shows .the regions of alloy 
composition in which various forms of. 
subsurface corrosion attack have been 
observed by microscopic study of trans- 
verse sections of the specimens from the 
1800 F. air-oxidation tests. Figures 16 
and 17 illustrate different types and de- 
grees of subsurface corrosion attack that 
have been observed. Undoubtedly all 
such forms of subsurface corrusion attack 
have some damaging influence on the 
strength property of the metal in the 
ayer in which they occur. Oxide pene- 


' It is to be recognized that, while stress, 
and especially alternating stress when 
applied to a structural member, is un- 
doubtedly the primary cause for prac- 
tically all service failures of heat-resistant 
alloy structural members, corrosion in 
the form of general surface scaling and 
subsurface corrosion attack also are con- 
tributing causes through acting to reduce 
the cross-section of the member and 
thereby increasing the unit stress or pro- 
viding points of stress concentration. 
There are also other features of the 



Fig. 15.—Types of Subsurface Corrosion Attack Found in Various Alloy Regions in Air Atmosphere 

at 1800 F. for 100 hr. 

The region of alloy compositions in which substantially no subsurface corrosion, attack was evident includes the 
three commercially important alloy types, HH (25 per cent chromium — 12 per cent nickel), HT (35 per cent nickel 16 
per cent chromium), and HW (60 per cent nickel~12 percent chromium). In general, as the composition departs 
from the region of substantially no subsurface corrosion attack the intensity of attack was found to increase. 


tration might well be considered as 
providing a notch effect and thereby 
serving to accelerate failure under tensile 
stresses, shock, or alternate thermal 
stresses. Decarburization would be ex- 
pected to lower the resistance of the 
alloy to flow (creep) under stress since 
the alloys are known to have maximum 
creep resistance at an optimum carbon 
content. However, it could well be 
that having a layer of metal of improved 
plasticity on the surface as a result of 
decarburization may be of benefit rather 
than a detriment under certain condi- 
tions of stressing. 


microstructure of the alloys to be con- 
sidered, such as the distribution, con- 
tinuity, and stability of the carbide 
phase, the physical and mechanical prop- 
erties of this phase in relation to that of 
the matrix solid solution, and also the 
cohesion or bond between the carbide and 
the matrix alloy. 

In regard to the statement that graphi- 
tization should considered, we wish to 
state that we have not observed it to 
occur in the alloy compositions reported 
upon at this time. 

The present paper has been inten- 
tionally limited to only one mode of 
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(b) Alloy C-55, 31 per cent cliromium-36 
per cent nickel. 


(a) Alloy C-85, 26 per cent chromium-O per 
cent nickel. 


(c) Alloy C-1, 11 per cent chromium-20 per cent nickel. 

Fig. 16.*— Various Forms of Subsurface Corrosion Occurring with Some Fe-Ni-Cr Alloys upon 
Exposure to an Air Atmosphere at 1800 F. (X 250). Etched in aqua regia. 

(d) Note zone of intense decarburization. , . 

Note oxide penetration progressing inward along the primary eutectic carbides, 

(c) Note the area of mixed metal and oxide particles, also the progression of intergranular corrosion. 
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(a) Alloy C-26, regular HH alloy, 25 per cent 
chromium— 12 per cent nickel. 


(b) Alloy C-22, regular HTalloy, 16 per cent 
chromium — 36 per cent nickel. 







-'‘;V-''. ' k'V . ;f' 

4p\if 

(c) AUoy C-10, closely resembling an HW type, 11 per cent dirommm-68 per cent nickel. 

Fig. 17 .— Subsurface Corrosion of Some Commerdal Fe-Ni-Cr 

Atmosphere at 1800 F. for 100 hr. Etched in aqua regia (X 250). 

Note very slight extent of decarburisation and interdendritlc corrosion on these commercial type alloys. 
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damage encountered in higli-temperature 
application of the alloys, that of oxida- 
tion scaling. It is intended to serve 
mainly to show the realm of Fe-Ni-Cr 
alloy compositions of optimum oxidation 
scaling resistance as a function of ex- 
posure temperature. It is clearly re- 
vealed by the isocorrosion lines on the 
ternary diagrams of Figs. 4, 5, 6, and 7 
that failure by scaling alone can occur 
with improper selection of alloy composi- 
tion, and that the realm of alloys of 
optimum corrosion resistance decreases 
as the maximum temperature require- 
ment increases. 

We wish to caution against using the 
information presented on air oxidation 
when considering the application of al- 
loys for use in contact with other ambient 
atmospheres. The data submitted by 
Mr. Avery, however, regarding corrosion 
in a flue gas provided by burning natural 
gas present a similar picture of the rela- 
tion of alloy composition to scaling 
resistance to that of our work. Such an 
atmosphere, which would consist mainly 
of CO 2 , water vapor, and nitrogen, would 
be expected to have an oxidizing scaling 
action similar to that of air. 

In regard to the question of reproduci- 
bility of data raised by Mr. Avery, repeat 
tests have more closely duplicated origi- 
nal tests than implied by the most 
divergent comparison he has made. For 
example, in air-corrosion Tests A and B 
at 2200 F., the following are typical 
duplicate data: 


Alloy 

Metal Loss, g. per sq. in. per day 

Test A 

Test B 

Average 

No. C-81 

0.0467 

0.0621 

0.0544 

No. C-82 

0.0278 

0.0312 

0.0295 

No. C-83 

0.0214 

0.0221 

0.0218 

No.C-84 

0.0186 

0.0187 

0.0187 

No. C-34 

0.0662 

0.0776 

0.0719 

No.C-36 

0.0415 

0.0521 

0.0468 

No. C-37 ' 

0.0204 

0.0344 

0.0274 


The deviation of actual data from 
average data is ' in the^ vicinity of 25 per 
cent. The isocorrosion lines on the 
ternary diagrams are smooth curves 
drawn to satisfy the corrosion values ob- 
tained for a range of alloy compositions. 
It is considered likely that deviations 
such as Mr. Avery has pointed out are 
the result of a few of the specimens con- 
taining microvoids or also variations in 
the amount of the minor elements such 
as carbon, silicon, or manganese are 
entering into the picture. 

Mr. Avery has mentioned noting fre- 
quent evidence of intergranular cracking, 
by conducting microscopic examination 



Fig. 18. — Intergranular Cracking Located Ad- 
jacent to the Interdendritic Primary Carbides 
(X 800). Specimen fractured in creep test at 
1800 F. Alloy of 0.43 per cent carbon, 14.2 per 
cent chromium, 34.0 per cent nickel, 1.38 per 
cent silicon, and 0.90 per cent manganese. 


Discussion on Iron-Chromium-Nickel Alloys 


901 


of sections from fractured creep test 
bars, wbicli is indicated by oxidized 
grain-boundary surfaces on the fractured 
faces. We also have observed that the 
rupturing in such tests follows along the 
interdendritic network of primary car- 
bides in the structure as shown in Fig. 
18. We, however, have never found 
evidence that deep intergranular corro- 
sion proceeded ahead of the fracturing, 
but rather that rupture along the carbide 
network went first and that the newly 
exposed surface was then oxidized. 
Fracturing could initiate at a point of 


stress concentration on the surface of the 
bar. This could be the result of an un- 
usually shaped carbide or concentration 
of carbides at a point or over an area of 
the surface or to interdendritic corrosion 
penetration being more severe at some 
point or area as a result of structural 
nonuniformity. From what we have ob- 
served of incipient cracks being present 
in creep bars, which apparently were 
not continuations of cracks reaching the 
surface, it is a matter of speculation as 
to whether fracturing does in all instances 
initiate at the metal surface. 


INFLUENCE OF STRAIN RATE AND TEMPERATURE ON THE 
MECHANICAL PROPERTIES OF MONEL METAL AND COPPER* 

By D. J. McAdam, Jr./ G. W. Geil/ and D. H. Woodard^ 

Synopsis 

The third stage of creep may be initiated by the formation of microscopic 
cracks, predominantly mtercrystalline. Cracking occurs when the rising 
true stress reaches a technical cohesion limit determined by the temperature, 
strain rate, and amount of plastic deformation. Progressive disintegration 
thus begins and continues to complete fracture. Both the second-stage 
flow stress and the cohesion limit increase with decrease in temperature and 
with increase in the strain rate. Decrease in temperature or increase in 
strain rate increases the cohesion limit to a greater extent than the flow 
stress; the ductility thus increases. A study is made of the influence of 
temperature and the strain rate on the second-stage flow stress, ultimate 
stress, technical cohesive strength and ductility. By combining these results 
with previously published data, the view is broadened to include a tem- 
perature range from - 188 C. to the melting point for monel metal and copper. 

In previous papers, it has been shown that the technical cohesion limit and 
the flow stress are similarly affected by either the stress system, amount of 
plastic deformation, or temperature. In this paper, it is shown that these 
two strength indices are similarly affected by the strain rate. 


Results of a general investigation at 
the National Bureau of Standards of 
factors involved in the fracture of metals 
have been presented in a number of 
papers (il-lp).^ These papers describe 
studies of the influence of the stress 
system, temperature, and the amount of 
plastic deformation on the breaking 
stress and other mechanical properties. 
Strain rate, another important factor, 
has not been considered, except briefly 
in one of the papers (i7). The present 
paper discusses the relation between 
creep rate, temperature, flow stress, 
breaking stress, and ductility, and then 
presents a general view of the influence 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-2;, 1946. 

1 Chief, Section on Thermal Metallurgy, Metallurgist, 
and Assistant Metallurgist, respectively. National Bureau 
of Standards, Washington, n . C. 

2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 917. 


of Strain rate and temperature on the 
mechanical properties of monel metal 
and oxygen-free copper between ~ 188 C. 
and the melting points. The monel 
metal is the same that was used in the 
creep tests described in a previous paper 
( 3 ). In that paper, how^ever, attention 
was confined to the relation between 
stress, temperature, and a characteristic 
creep rate, corresponding approximately 
to the rate in the “second stage’' of 
creep. The relation betw^een the break- 
ing stress and the creep rate was not 
considered. Both the copper and monel 
metal have also been used in other phases 
of the general investigation of technical 
cohesive strength of metals ( 13 - 14 ). 

Apparatus, Materials, Specimens 
A description of the creep test appa- 
ratus, extensometer, specimens, methods 
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TABLE I.— DESCRIPTION OF METALS. 


Metal 

Desig- 

nation 

1 

1 Mechanical Treatment 

Rod 

Diam- 

eter, 

in. 

Chemical Composition, per cent 

Method 

1 Reduc- 
tion of 
Area, 
per cent 

Car- 

bon 

Iron 

Nickel 

Copper 

Man- 

ganese 

Silicon 

Sulfur 

Oxygen-free copper | 

Monel metal, 

N ■ 

G 

Cold-rolled 

Cold-drawn 

75“ 

40“ 

0.87S 

0.875 

ohs 

i'.24 

69,02 

99.97 

28.46 

0^94 

6 JO 

0.007 


" Coid-worked without intermediate annealing. 


TABLE II.-HEAT TREATMENT IN LABORATORY. 


Metal 

1 Desig- 
nation 

Tem- 

pera- 

ture, 

deg. 

Fahr. 

Time 

Held, 

hr. 

Cooled 

in 

Oxygen-free copper.. . 
mfttal 

N-8 

G-14 

800 

1400 

5 

1 ! 

air 

water 



of loading, and measurement of exten- 
sions is given in a previous paper ( 3 ). 
A description of the metals and their 
heat treatments is given in Tables I 
and II, respectively The metals were 
tested in both cold-worked and an- 
nealed conditions. The oxygen-free, 
high-conductivity copper was supplied 
by the Scomet Engineering Co. through 
the cooperation of Sidney Roile, As- 
sistant Manager. The monel metal was 
supplied by the International Nickel Co. 
through the cooperation of the late A. 
J. Wadhams, Director of Research. 

Fracture During the Third Stage op 
Creep 

A creep test under constant load may 
be divided into three stages. In the 
first Stage, the creep rate decreases; in 
the second stage, it is nearly constant; 
in the third stage, it increases. The 
duration of the second stage may vary 
considerably. In many conditions of 
temperature and creep rate the third 
stage begins when the rate of work- 
hardening decreases below a certain 
value. The evidence now to be pre- 
sented, however, indicates that the third 
stage sometimes begins with the forma- 


tion of microscopic cracks. The dis- 
covery of microscopic cracks, predom- 
inantly intercrystaliine, in some speci- 
mens of cold-drawn monel metal that 
had been extended into the third stage 
of creep, led to an investigation of the 
conditions that cause such cracks. As 
similar cracks were later found in cold- 
rolled oxygen-free copper, this metal 
was included in the investigation.® 

As the cracks appeared early in the 
third stage of creep, and as this stage 
was reached after only slight plastic 
extension, the ductility of these previ- 
ously cold-worked metals evidently was 
slight at the beginning of the progressive 
fracture, whereas the same metals in an 
ordinary tension test at room tempera- 
ture failed by abrupt transcrystaliine 
fracture after much plastic deformation 
(64 per cent reduction of area for the 
monel metal and 75 per cent for the 
copper). The evidence thus indicated 
that the lowered ductility resulted from 
the combined effects of the higher tem- 
peratures and the slower strain rates in 
the creep tests. The evidence that the 
ductility tends to decrease with increase 
in the temperature and with decrease in 
the strain rate is contrary to the preva- 
lent view. For example, Morkovin pro- 
posed to obtain brittle fracture of copper 

5 There are scattered reports mentioned in the litera- 
ture of the finding of intercrystaliine cracks in metals 
subjected to prolonged loading, especially at elevated 
temperatures . No general significance, however, has been 
attached to such observations (8). In steels, such cracks 
generally have been attributed to deposition of micro- 
constituents on the grain boundaries- 



904 


McABAM, GeIL AMD WOODAM) 


by straining at a very high rate (22). 
High-speed tests of unnotched specimens 
at room temperature, however, have 
given no support to this view, and have 
indicated that increase of the strain rate 
generally does not cause decrease of 
ductility (6, Zl). Moreover, decrease of 
temperature to — 188C. generally does 
not cause decrease of the ductility of 
face-centered cubic metals. The be- 
havior of ferritic steels is not characteris- 
tic of metals in general. 

As the ductility of a metal depends on ' 
the difference between the initial flow 
stress and the breaking stress, the evi- 
dence of lowered ductility at slow strain 
rates indicates that a decrease in the 
strain rate decreases not only the flow 
stress and ductility but also the resistance 
to fracture (technical cohesive strength). 
In the present investigation, a study was 
made of the relation between creep rate, 
temperature and stress at the beginning 
of fracture. A study was also made of 
the progress of slow fracture during 
creep of monel metal and copper. 

In a creep test under constant load, 
the increasing creep rate in the third 
stage tends to cause an increase of ductil- 
ity, because as previously explained, the 
increase in the technical cohesive 
strength with the strain rate is somewhat 
greater than the increase in the flow 
stress. This increase in the creep rate, 
consequently, tends to retard progressive 
fracture during the third stage. To 
study the effect of creep rate and tem- 
perature on progressive fracture, there- 
fore, the rate beyond the beginning of 
the third stage should be held approxi- 
mately the same as the rate in the second 
stage. As no apparatus for automatic 
control of the strain rate was available, 
an approximately constant rate was 
maintained by repeatedly decreasing the 
load. This procedure was found sufiS.- 
ciently accurate for a study of the 
progress between initial fracture and 
complete fracture (rupture)./'. 


Figure 1 shows typical curves repre- 
senting the relation between extension 
and time during creep tests of monel ' 
metal. The beginning of the third stage 
and the point of first weight-removal are * 
indicated, in each of. the creep-test curves, i 
During the third stage, the creep rate ' 
was controlle^i approximately by re- 
peated weight removals, so that the con- j 
trolled rate Vc usually was only slightly 
higher than the minimum rate V m at * 
the beginning of this stage. After each ^ 
test, the specimen was photographed, | 
and longitudinal sections were made ' 
for microscopical examination. Typical 
photo-micrographs are shown in Figs. 

2, 5, 6, and 7, and photographs of the 
specimens are shown in Figs. 3, 4, 8 and 
9. 

All the monel metal specimens 
showed extensive cracking, which was 
predominantly intercrystalline (Fig. 2). 

As shown, the general disintegration of } 
the metal evidently tends to increase 
with increase in the temperature and 
with decrease in the strain rate. For 
each temperature, specimens tested at 
the highest rates show the least progress 
of general disintegration, but show a few 
relatively wide cracks, some of which 
appear to be transcrystalline. The wide 
cracks are surrounded by regions of con- 
siderable grain distortion. In such spec- i 
imens, as will be shown in subsequent 
discussion, the total distortion at com- 
plete fracture is greater than in the 
specimens that show greater general 
disintegration. 

A few of the copper specimens, espe- 
cially those tested at low temperatures 
and relatively high strain rates, show no 
evidence of microscopic cracks. Cracks 
were found, however, in the specimens 
tested at slow rates, even when the 
temperature was as low as 110 F. Typ-, 
ical . photomicrographs obtained from 
specimens with ; microscopic cracks are 
showu in Figs.: 5, ' 6, and 7. The grain 
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size of the copper was much larger than 
that of the monel metal. Comparison 
of the photomicrographs of the two 
metalSj with allowance for the difference 
in magnificationj shows that the cracks 
are fewer but generally larger in the 
copper than in the monel metal. Ex- 
amination showed that the number of 
cracks tends to increase with increase 
in the temperature and with decrease 
in the strain rate. Most of the cracks 
in the copper specimens were inter- 
crystalline, but a few were transcrystal- 
line. 

The photomicrographs of the cracked 
specimens of monel metal and copper 
(Figs. 2, 5, 6, and 7) were studied in 
correlation with the photographs of the 
corresponding specimens in Figs. 3, 4, 8, 
and 9 and with extension-time curves 
such as those in Fig. 1. Although all 
the specimens had been extended beyond 
the beginning of the third stage of creep, 
many of them did not contract locally 
even when extended to fracture. More 
specimens would have contracted locally, 
however, if the creep rate had been 
allowed to accelerate. For each tem- 
perature used in the creep tests of monel 
metal, the specimen tested at the highest 
strain rate showed some local contraction 
(Figs. 3 and 4). Local contraction dis- 
appeared, however, with decrease in the 
strain rate. The tendency to local 
contraction was greater with the copper 
(Figs. 8 and 9) than with monel metal. 
The greatest local contraction was found 
in the copper specimen tested at 110 F. 
with a creep rate of 0.0018 per cent per 
hour (Fig. 8). Another copper specimen 
tested at the same temperature at a 
slower rate, however, was extended 
well into the third stage (but not to 
complete fracture) without local con- 
traction (Fig. 8). Of the two copper 
specimens tested at 375 F. (Fig. 9), only 
the one tested at the faster rate shows 
local contraction. For both monel metal 


and copper, the tendency to local con- 
traction evidently decreases with increase 
in the temperature and with decrease 
in the strain rate. The factors govern- 
ing the instability involved in local 
contraction will be discussed later in 
connection with the stress-strain dia- 
grams now to be considered. 

In specimens that contract locally 
before fracture, the number of cracks 
tends to increase in the notched portion 
with approach to the surface of complete 
rupture. This is illustrated in Fig. 7 by 
a comparison of photographs (a) and (i). 
Photograph {a) shows a region f in. from 
the surface of rupture. Photograph (b) 
shows a region next to that surface. The 
two photographs thus show the beginning 
and ending of the progressive disintegra- 
tion that occurred during the third stage 
of creep. These photographs should be 
compared with the photograph of the 
specimen (Fig. 8). 

Flow Stress and Technical Cohesion 
Limit 

Figures 10 to 16 show curves of varia- 
tion of the flow stress with plastic ex- 
tension. In a creep test under a constant 
load, the per cent increase of the ‘True” 
stress (the stress based on the current 
area of cross-section) is equal to the per 
cent extension, as long as the specimen 
extends without local contraction. As 
the monel metal specimens (Figs. 10 to 
13) and some of the copper specimens 
(Figs. 14 to 16) were tested under a 
constant load throughout the first two 
stages of creep, the variation of the true 
stress with extension of these specimens 
was linear until the first weight removal, 
as illustrated in the figures. For some 
of the copper specimens, the load -was 
increased during the first stage of creep, 
and then kept constant during the second 
stage. For a few specimens, changes of 
load were made (through misunderstand- 
ing) during the second stage of creep; 
the stress-strain diagram at the entrance 
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to the third stage, therefore, is not 
straight* From such a test, only an 
ipproximate estimate can be made of the 
relation between creep rate, tempera- 
ture, ductility, and the stress at the 
beginning of fracture. 

The transition from the second to the 
third stage was generally more abrupt 
for the copper than for the monel metal. 
In most of the graphs for copper (Figs. 
14 to 16), therefore, the point of first 
weight removal is indistinguishable from 
the beginning of the third stage. 

With the repeated weight removals 
(to hold the strain rate approximately 
constant) all but three of the graphs in 
Figs, 10 to 16 take a general downward 
course. In Fig. 10 the graphs for monel . 
metal tested at 700 F. and the graph for 
monel metal tested at 750 F. continue 
to rise after the first weight removal, but 
eventually turn downward. 

The filled-in triangles in Figs. 10 to 
16 . indicate technical cohesion limits^ 
that initiated the third stage of creep. 
The disintegration, at a constant strain 
rate may continue without local con- 
traction until the specimen fails abruptly 
by complete fracture, as it does in some 
of the specimens represented in Figs. 
10 to 16. In some conditions, however, 
local contraction may begin some time 
after the beginning of disintegration. 
Evidence for this may be found by com- 
paring specimens that have been ex- 
tended into the third stage, but not to 
complete fracture, with other specimens 
that have been extended to complete 
fracture. For example, a copper speci- 
men that was extended into the third 
stage at 110 F. and at a minimum creep 
rate of 0.00028 per cent per hour had 
begun to disintegrate (Fig. S) but had 
not begun to contract locally (Fig. 8). 

^ By defimtion, a technical cohesion limit is the tech- 
nically estimated resistance to fracture, the breaking load 
divided by the sectional area at the beginningof progressive 
.fracture. ... 


Another specimen, which was extended 
to complete fracture at a slightly higher 
temperature (130 F.) and at practically 
the same creep rate (0.00027 per cent 
per hour), had begun to disintegrate 
(Fig. 5) and had contracted locally 
(Fig. 8). The disintegration in this 
specimen, therefore, initiated the third 
stage of creep and the local contraction 
began later. A similar sequence of co- 
hesion limit and local contraction prob- 
ably occurred in some of the other 
specimens that contracted locally. The 
evidence thus indicates that the third 
stage of creep may be initiated by pro- 
gressive disintegration starting when 
the rising true stress reaches the tech- 
nical cohesion limit corresponding to the 
strain rate, temperature, and amount of 
plastic deformation. 

In some conditions, however, the third 
stage begins without progressive dis- 
integration; the beginning then is not 
determined by a cohesion limit, but by 
the work-hardening rate and the creep 
rate. Plastic deformation may continue 
without progressive disintegration until 
the specimen fractures abruptly, as it 
generally does in an ordinary tension test 
at room temperature. Disintegration, 
however, may begin at some time after 
the beginning of the third stage. Evi- 
dence for such a sequence may be found 
in Fig. 10. Each of the stress-strain 
curves in this figure continues its general 
upward course, though with decreasing 
slope, for some distance beyond the point 
representing the first weight removal. 
The beginning of the third stage, there- 
fore, probably was not determined by a 
technical cohesion limit, but disintegra- 
tion began later, probably when the 
stress-strain curve reached its highest 
point (Fig. 10). All the other stress- 
strain curves for monel metal (Figs. 11 , 
12, and 13) take a general downward 
course immediately after the first weight 
removal; the evidence thus indicates 
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that the third stage of creep of these 
specimens was initiated by progressive 
disintegration such as that shown in 
Fig. 3. 

Factors Determining the Limit 
OP Stability for Tensile 
Extension 


Consideration will now be given to the 
factors initiating the third stage of creep 
in the absence of progressive disintegra- 
tion, and the factors determining the 
limit of stability for tensile extension 
(beginning of local contraction). Local 
contraction begins when dS/S becomes 
less numerically than dA/A^ when S is 
the true stress and A is the corresponding 
»area of cross-section. As long as dS/S 
is greater than dA/A any cross-section 
that becomes slightly smaller than the 
adjacent sections becomes stronger and 
the local contraction stops. When dS/S 
becomes less than dA/A^ however, local 
contraction begins and continues. In 
an ordinary tension test at room tem- 
perature, the ratio of dS/S to dA/A 
generally depends almost entirely on the 
rate of work hardening. In a creep 
test, however, the local increase in the 
strain rate due to incipient local con- 
traction causes a local increase in the 
flow stress, and thus tends to postpone 
the beginning of continuous local con- 
traction. 

Any flow-stress increment, AS, during 
plastic deformation, therefore, may be 
viewed as the sum of two distinct in- 
crements. One of these is the increment 
due to work hardening, the other 
is the increment A^S due to any general 
or local increase in the strain rate, F. 


Local contraction begins when; 


diS 


/ 


becomes less than 1.0. 


dA , diS /dA 
A 5 / A 

These two ratios will be designated ^ 
and n, respectively. The value of n is 
45 fdV 


proportional to 




V’ 


which will be 


The relation between P 
PdV 


designated P. 
and n is given by the equation n = 

A 


r- 


The variation of F with strain 


rate and temperature is illustrated by 
the curves in Figs. 24 and 26, which will 
be discussed in more detail later. The 
slope of a curve at any point, with allow- 
ance for the difference between the ordi- 
nate scale and abscissa scale, is a measure 
of the corresponding value of P. As 
shown in these figures, P increases with in- 
crease in temperature and with decrease 
in the strain rate. For incipient local 

contraction moreover, / "j" would 

increase with decrease in the strain rate. 
The ratio n, therefore, increases with 
increase in the temperature and with 
decrease in the strain rate. 

As illustrated by curve Po of Fig. 1 7 (4 ? 
the increase of the fiow^ stress with the 
strain under a constant load is linear 
until local contraction begins. More- 
over, the linear variation is such that 
dS/S is equal numerically to dA/A, 
The linear variation is the resultant of 
the curvilinear variation of the flow 
stress due to work hardening and the 
opposite curvilinear variation due to the 
decrease in the strain rate (Fig. 17(5)). 
After the strain rate has become prac- 
tically constant, the continued linear 
variation of the flow stress with strain 
implies that diS/S has now become 
equal to dA/A and that m is 1.0. As 
long as m remains at this value, m A- n 
is greater than 1.0 and local contraction 
cannot begin. The linear variation of 
the flow stress, however, will be termi- 
nated when the third stage is reached 
and weight removals begin for the pur- 
pose of holding the strain rate constant. 
The slope of the stress-strain curve thus 
decreases as in Fig. 10 or Fig. 17 (u). 
Eventually m + # becomes less than 
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1.0 and local contraction begins. If no 
weights are removed during the third 
stage, the continuous increase in the 
strain rate causes a continuous decrease 
in P, and eventually n becomes less 
than 1.0. 

True Stress at Complete 
Fracture 

For the monel metal specimens tested 
at temperatures above ,700 F. and at the 
slower strain rates (Figs. 11, 12, 13), 
the true stress at complete fracture is 
about the same whether it is calculated 
on the assumption that the extension is 
uniform or by dividing the final load by 
the area of cross-section at complete 
fracture. For some specimens, the latter 
value was slightly smaller than the for- 
mer because in these specimens the actual 
decrease in sectional area at complete 
fracture was less than the decrease calcu- 
lated from the extension. This dis- 
crepancy probably is due to increase in 
the volume of the specimen because of 
the voids formed during the disintegra- 
tion. For the monel metal specimens 
tested at the faster strain rates or at the 
lower temperatures, the breaking stress 
value is much greater when calculated 
from the final load and the cross-section 
at complete fracture than when calcu- 
ated on the assumption that the speci- 
men extended uniformly to fracture. 
This discrepancy is due to the local con- 
traction, and is considerable even when 
the local contraction is apparently slight. 

For the copper specimens (Figs. 14, 
15, and 16), the stress value for complete 
fracture was aways greater when calcu- 
lated from the final load and cross sec- 
tional area than when calculated from 
the total extension on the assumption 
that the specimen did not contract 
locally. This discrepancy varies with 
the amount of the local contraction. 
Even at the highest temperature and 
slowest strain rate, the local contraction 
was not reduced to as low values for 


copper as for monel metal, probably 
because the disintegration by internal 
cracking was less for the copper than for 
the monel metal. The less extensive 
disintegration of the copper may be 
attributed partly to the much larger 
grain size of the copper, and partly to 
the fact -that cracks spread much less 
readily in the softer metal. Even in 
an ordinary tension test of oxygen-free 
copper, the true breaking stress cannot 
be determined accurately because the 
crack after starting near the axis does 
not spread rapidly to the circumference. 
Consequently the metal continues to 
extend at the rim of the section, thus 
giving fictitiously high breaking stress » 
values (l3). An illustration of this 
behavior may be found in Fig. 15, 
where a calculated stress for complete 
fracture is given as 92,000 psi., although 
the correct value for the breaking stress 
at room temperature is about 80,000. 

Local contraction is accentuated by 
the increasing strain rate during the 
contraction. The actual strain rate 
increases continuously even though the 
nominal rate remains constant. The 
extension rate, moreover, sometimes 
increased considerably during the last 
stage of creep, because the load could 
not generally be reduced fast enough to 
hold the extension rate constant. The 
plastic deformation and stress at com- 
plete fracture thus are greater than they 
would be if the strain rate had been held 
at the desired constant value. There- 
fore, when the specimen has contracted 
locally in a creep test, the indicated 
relatively high stresses at complete frac- 
ture (jR! values in Figs. 10 to 16) have 
little significance. When the specimen 
has not contracted locally, the decrease 
of the true stress due to repeated weight 
removals during the third stage of creep 
is a measure of the disintegration by 
internal cracking. The most important 
breaking stress value obtained in a creep 
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test, however, is the stress at the begin- 
ning of progressive disintegration (the 
technical cohesion limit) 

Epfect of . the Strain Rate and 

Temperature , on Ductility, and 
their Differential Effect on 
Flow Stress and Technical 
Cohesion Limit 

Values of ductility derived from Figs. 
10 to 16 have been used in a study of the 
relation between the strain rate, tem- 
perature, and initial breaking stress. 
Figures 18 and 19 show the influence of 
the strain rate on ductility, and Figs. 20 
and 21 show the relation between the 
ductility and the initial breaking stress. 
The most important ductility value is 
the value corresponding to the beginning 
of fracture (technical cohesion limit), 
not the value corresponding to the end of 
progressive disintegration. The ductil- 
ity corresponding to the beginning of 
fracture will be termed the ^‘true ductil- 
ity.’^ As the ductility values corre- 
sponding to complete fracture are of 
some interest, however, they are repre- 
sented in Figs. 18 to 21 both in terms of 
the total elongation and in terms of the 
original and final areas of cross-section. 
In order to represent ductility in terms 
of the “true strain” (l3), values of either 
L/Lo or A^/A^ are plotted as abscissas 
on a logarithmic scale, and the equiva- 
lent extensions are indicated at the top 
of each figure. The scale used in the 
representation of true ductility (section 
(fl)), however, differs little from a 
cartesian ■ scale. 

Ordinates for all three diagrams of each 
figure represent values at the beginning 
of the third stage, unless the stress-strain 
curve continues to rise as in Fig. 10., 
For the three specimens represented in 
Fig. 10, ordinates in Figs. 18 to 21 repre- 

®I-8 and At are theinitiai length and area of cross- 
section, respectively; ! and A are the length and area at 
fracturCj, either initial or complete. 


sent stresses or creep rates at the highest 
point on the stress-strain curve. The 
filled-in symbols and open symbols have 
the same significance in Figs. 18 to 21 
as that of the corresponding triangles in 
Figs. 10 to 16. An open symbol, there- 
fore, indicates that a technical cohesion 
limit was not reached at the beginning 
of the third stage, and that the only 
actual ductility value obtained with that 
specimen is the value for complete frac- 
ture. 

The true ductility of monel metal 
(Fig. 18(a)) increases at an increasing 
rate, with increase in the strain rate. 
Comparison of the curves in this dia- 
gram, moreover, shows that the ductility 
increases with decrease of temperature. 
The ductility for complete fracture 
(diagrams (5) and {c) of Fig. 18) also in- 
creases with increase in the strain rate 
and with decrease of temperature. 

The influence of the strain rate and 
temperature on the true ductility of cop- 
per (Fig. 19(a)) is not revealed because 
the scatter of values is too wide in rela- 
tion to the slight true ductility of this 
metal. The true ductility values range 
irregularly from 0.47 to 0.84 per cent, 
whereas the values for monel metal range 
from 0.85 to 7.3 per cent. For complete 
fracture (Fig, 19 {h and c)), however, the 
variation of the ductility of the copper 
with the strain rate and temperature 
is similar to the variation of the ductil- 
ity of monel metal. The ductility of 
both metals evidently tends to increase 
with increase in the strain rate and 
with decrease in temperature. 

The difference in true ductility be- 
tween the monel metal and the copper 
may be due partly to the difference in 
the amount of prior cold work. The 
reductions in section by cold work 
were 40 per cent and- 75 per cent, for the 
monel metal and copper, respectively. 

There is scattered evidence that the 
ductility continues to increase even at 
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high strain rate (6). The accelerated 
increase in the ductility with increase 
in the strain rate (Figs. 18 and 19), 
however, would not continue up to a 
high rate of strain. The curvature 
would be reversed (Fig. 33). This sub- 
ject is discussed briefly in a previous 
paper (l7). 

Figures 20 and 21 show the variation 
of the ductility with the stress at either 
the beginning of the third stage or at the 
highest point of a stress-strain curve 
such as those in Fig. 10. The ordinates 
in Figs. 20 and 21 are the same for cor- 
responding points in all three diagrams 
of each figure. The values for strain 
jates are given in per cent per 1000 
hr., whereas ordinates in Figs. 18 and 19 
represent strain rates in per cent per 
hour. 

The variation of the true ductility of 
monel metal with the technical cohesion 
limit (for unidirectional tension) may 
be represented by a single curve (Fig. 
20(^)). For a constant cohesion limit, 
therefore, the true ductility is practically 
unaffected by varying the temperature. 
Any variation of the temperature is asso- 
ciated with a similar variation of the 
strain rate, and the two variations have 
nearly equivalent opposite effects on the 
ductility. The variation of the true 
ductility of copper with the technical 
cohesion limit is clearly revealed in Fig. 
21(a)). The scatter of results does not 
obscure the fact that the true ductility 
of the copper, like that of the monel 
metal, increases at an increasing rate 
with increase in the technical cohesion 
limit. 

The ductility for complete fracture of 
both monel metal and copper, like the 
true ductility, increases at an increasing 
rate with increase in the initial breaking 
stress (Figs. 20 {b and c) and 21 (6 and 
a)). The curves for the different tem- 
peratures, however, are not blended as 
they are in diagrams (a). The higher 
the temperature the greater is the 


plastic deformation during progressive 
disintegration. A variation of the tem- 
perature for a constant technical cohe- 
sion limit evidently induces a similar 
variation of the strain rate, which more 
than compensates for the effect of the 
temperature variation on the ductility 
for complete fracture. 

In a study of the influence of the 
strain rate and temperature on ductility, 
however, chief attention should be given 
to the true ductility (Figs. 20(a) and 
21 (a)) . The ductility of a metal depends 
on the difference between the initial 
flow stress and the technical cohesion 
limit. As the cohesion limit and flow 
stress vary with the stress system, how- 
ever, the values to be compared are the 
flow stress and cohesion limit for the same 
ratio between the principal stresses. 
In this paper, however, attention will be 
confined almost entirely to unidirectional 
tension, because the stress in a creep test 
is unidirectional as long as the specimen 
extends uniformly. 

The difference between the technical 
cohesive strength of a metal and its 
resistance to plastic deformation is much 
less than has been generally supposed 
(ll“l9). After even moderate plastic 
deformation, the resistance to plastic 
deformation is only slightly less than 
the technical cohesive strength (re- 
sistance to fracture). This relationship 
is illustrated by the curves of flow stress 
(Fo) and cohesion (Jo) in Fig. 17(a). 
The initial technical cohesion limit for 
unidirectional tension thus is represented 
approximately by a point a little above 
the origin of the curve of flow stress. 
With plastic deformation, the technical 
cohesive strength increases continuously, 
at a decreasing rate, but less rapidly than 
the increase of the flow stress. Fracture 
under any specific stress combination 
occurs when the flow stress for that 
combination becomes equal to the tech- 
nical cohesion limit. Consequently, for 
any specific stress combination, the 
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variation of the technical cohesive 
strength with plastic deformation may 
be represented qualitatively by a curve 
starting a little above the origin of the 
flow-stress curve, rising less rapidly than 
that curve, and intersecting it at a small 
angle, at a point representing fracture. 
For an ordinary tension test, in which 
the strain rate varies little, both curves 
rise with decreasing slope. Numerous 
pairs of corresponding curves of flow 
stress and cohesion are shown in previ- 
ous papers ( 11-19). 

Figure 17 (a) shows the variation of 
flow stress and technical cohesion limit 
in a creep test under a constant load 
during the first two stages. As previ- 
ously shown (Figs. 10 to 16) the varia- 
tion of the flow stress (Fo) with extension 
under constant load is linear. It may 
be resolved into two oppositely curved 
variations, the variation due to work- 
hardening and the variation due to the 
decreasing strain rate. Work-harden- 
ing tends to increase the flow stress at a 
decreasing rate and the associated 
decrease in the strain rate tends to 
decrease the flow stress at a decreasing 
rate. As the variation of the technical 
cohesion limit would be expected to be 
similar to the variation of the flow stress, 
this variation is represented approxi- 
mately by the straight line Tq (Fig. 
17(a)). 

Because of the small angle between 
the curves of flow stress and cohesion 
limit (Fig. 17 (a)) any variable that has 
even a slight differential effect on these 
two curves may have a great effect on 
the ductility. It has been shown that 
an increase in the radial stress ratio 
raises the flow stress curve slightly more 
than it raises the cohesion limit curve and 
thus decreases the ductility, sometimes 
very abruptly (11-19), and that lower- 
ing the temperature of steels has a similar 
effect (14, IS, 17). As shown in Figs. 
20(i^) and 21 (<]^), however, an increase 
in the strain rate increases both the 


cohesion limit and the ductility^ and a 
decrease in temperature has a similar 
effect. The evidence thus indicates 
that an increase in the strain rate or a 
decrease in the temperature raises the 
curve of cohesion limits slightly more 
than it raises the corresponding curve of 
flow stress (Fq). This differential effect, 
though very slight, causes an appreciable 
increase in the ductility. 

Influence of Temperature and the 

Strain Rate on the Flow Stress 
and Technical Cohesion Limit 

For a study of the influence of tem- 
perature and the strain rate on the flow 
stress and technical cohesion limit, dia- 
grams of two types have been prepared, 
and are shown in Figs. 22 to 26. In each 
of these figures, ordinates represent 
either second-stage flow stress (dashed 
curve) or technical cohesion limit (solid 
curves). The technical cohesion limit 
is the “true’’ stress at the beginn’ng of 
progressive disintegration. 

Figure 22 shows the influence of tem- 
perature on the second-stage flow stress 
and technical cohesion limit of monel 
metal for various strain rates. Tem- 
peratures in degrees Kelvin are repre- 
sented on a logarithmic scale, as in 
previous papers, (l4 - is); stresses are 
represented on a logarithmic scale. I'he 
second-stage flow stress values shown in 
Fig. 22 were obtained from the paper by 
Bennett and McAdam (3). In that 
investigation, specimens were tested at 
various constant temperatures. At each 
temperature, a specimen was subjected 
to either an ascending or a descending 
series of stresses so as to obtain a corre- 
sponding series of nearly constant strain 
rates. At any of these stresses, the test 
was continued only until the rate became 
approximately constant. Sometimes an 
ascending and a descending series of 
tests were made with the same specimen. 
The results thus obtained at the same 
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stresses in the two series agree fairly 
well. Tests' with any specimen were 
discontinued when the strain rate began 
to increase under constant load. The 
strain rates given in Fig. 22 are regarded 
as characteristic values, each correspond- 
ing approximately to the value that 
would be obtained with a single specimen 
in the second stage of creep. 

The curves of technical cohesion lim- 
its (Fig. 22) diverge greatly with in- 
crease of temperature, as do the curves 
representing second-stage flow stress. 
At 600 K., an increase in the strain rate 
from 1 to 10,000 per cent per 1000 hr. 
increases the technical cohesion limit 
by only 20 per cent. At 800 K., the 
same increase in the strain rate nearly 
quadruples the cohesion limit. The 
influence of the strain rate on either the 
cohesion limit or the flow stress evi- 
dently increases greatly with increase in 
temperature. As might be expected, 
the curves of cohesion are a little above 
the corresponding curves representing 
second-stage flow stress. The evidence 
shows that the variations of the cohesion 
limit with temperature and with the 
strain rate are qualitatively similar to 
the corresponding variations of the 
second-stage flow stress. 

The curves of flow stress in Fig. 22 
have been extended to very low stresses 
and slow rates. Reversal in the curves 
would be more pronounced if the ordi- 
nary scale of temperatures were used. 
There is no evidence to show how far the 
field of technical cohesion limits would 
extend downward in the field of second- 
stage flow stresses. However, even if 
progressive fracture should eventually 
begin at the lowest stresses and creep 
rates represented in Fig. 22, the duration 
of time before incipient fracture would 
be very great, and a much longer time 
would elapse before the damage would be 
apparent. 

The variaions of the technical cohe- 
rion limit copper (Fig. 23) with 


temperature are similar to the variations 
of the cohesion limit and flow stress for 
monel metal. 

Figure 24 shows the influence of the 
strain rate on the second-stage flow stress 
and on the cohesion limit, for monel 
metal at various temperatures. Both 
the stress and the strain rate are repre- 
sented on a logarithmic scale. The 
variation of the cohesion limit with the 
strain rate, at a constant temperature, is 
qualitatively similar to the variation of 
the second-stage flow stress. The de- 
crease in the slope of each curve with 
increase in the strain rate signifies a 
decrease of P (the ratio of d' 2 S/S to 
dV/V). For a constant strain rate, P 
increases with increase in temperature; 
for constant stress, P decreases with 
increase in temperature. 

Figure 25 is the same as Fig. 24 except 
that stresses are plotted on a cartesian 
scale. This method of plotting has been 
used by some investigators because of 
some evidence for a linear relationship 
over a considerable range of stress, 
although it has been admitted that the 
relationship does not extend below or 
above a certain stress range (5, 7). As 
shown in Fig. 25, however, the results 
obtained with monel metal give no evi- 
dence for a linear relationship, but show 
merely a minimum curvature near the 
point of reversal. There are no apparent 
advantages, and there are some im- 
portant disadvantages, in the use of this 
ordinate scale. 

Figure 26 shows the variation of the 
technical cohesion limit of copper with 
the strain rate, for various temperatures. 
Stresses in this figure, as in Fig. 24, are 
plotted on a logarithmic scale. As was 
concluded from Fig. 23, Fig. 26 shows 
that the variations of the cohesion limit 
of copper with the strain rate and tem- 
perature are similar to the variations of 
the cohesion limit of monel metal. The 
evidence in Figs. 22 to 26, therefore, 
shows conclusively that the influences 
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of strain rate and temperature on the 
technical cohesion limit are qualitatively 
similar to their influences on the flow 
stress. 

The evidence in Figs. 24 and 26 is not 
in accordance with the prevalent view 
based on other evidence (4) that the 
relationship between the stress and the 
minimum creep rate is logarithmic. 
Moreover, the curves of flow stress and 
the curves of cohesion do not appear to 
follow the generally valuable hyperbolic 
sine relationship proposed by Nadai and 
McVetty (23), 

Relation Between Strain Rate 
and Temperature, eor Constant 

Second-Stage Flow Stress and 
Constant Cohesion Limit 

As shown in Figs. 22 to 26, an increase 
of the strain rate or a decrease in tem- 
perature tends to increase both the flow 
stress and the technical cohesion limit. 
This implies that the flow stress and the 
cohesion limit would remain unchanged 
if the strain rate and the temperature 
were both increased by equivalent 
amounts. The equivalence of varia- 
tions of the strain rate and temperature 
may be studied by the use of diagrams 
with strain rates and temperatures as 
coordinates. Diagrams of this type are 
shown in Figs, 27 and 28. In both 
figures, strain rates are represented on the 
same logarithmic scale, but the tempera- 
ture scales of the two figures are differ- 
ent. Each curve represents the relation 
between the strain rate and temperature 
for the indicated constant stress. As 
the scatter of experimental points made 
it impossible to construct separate fam- 
ilies of curves to represent the flow 
stress and cohesion limit of monel metal, 
a single family of curves has been drawn 
for monel metal in each figure. 

In Fig. 27, the variation in the slope 
of each curve indicates that the equiva- 
lence ratio is not constant (for this 
temperature scale), but increases with 


increase in the strain rate and tempera- 
ture. The divergence of the curves also 
indicates that this ratio increases with 
increase in temperature. 

' Formulas implying that, the equiva- 
lence ratio is constant, for a given stress 
and plastic strain, have been proposed by 
several investigators. A dynamic theory 
of the strength of metals was proposed 
in 1925 by Becker (i, 2) and later elab- 
orated by Orowan (24-28). The Becker 
formula in its simplest form is: 



F = C6 

where: 

V = the strain rate, 

T == the absolute temperature, 

^ = an energy value corresponding to 
the heat of activation, 

C = a constant, and 
k = a constant. 

More recently, Zener and Hollomon 
proposed essentially the same formula, 
which is here given with some changes of 
letters (9, 31). They state that strain 
rate and temperature affect the flow 
stress only through a single parameter 
of the form: 

0 

P = 

where: 

Q == a heat of activation, and 
R = the gas constant. 

A more elaborate formula has been 
proposed by Kauzmann ( 1 o) . Still more 
recently, Bushman, Dunbar, and Huth- 
steiaer (7) used a formula of the same 
general form, and presented evidence 
purporting to support the theory of a 
single parameter connecting the strain 
rate and temperature. 

According to these formulas, a linear 
relationship should be obtained when 
the logarithms of the strain rates are 
plotted against the reciprocals of the 
‘‘absolute” temperature. This method 
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of representation, therefore, has been 
used in Fig. 28. Ordinates represent 
values of log V m and abscissas repre- 
sent values of 1000/r. The curvature 
and divergence of the lines for the various 
constant stresses, however, are almost 
as great in Fig. 28 as in Fig. 27. The 
evidence in Fig. 28, therefore, gives no 
support to the view that a single param- 
eter can be used to connect temperature 
and the strain rate, either for a constant 
second-stage flow stress or for a constant 
technical cohesion limit. For monel 
metal and copper, the equivalence ratio 
varies with the temperature and with 
the strain rate, at least within the range 
of strain rates represented in Fig. 28. 

If the curves in Fig. 28 were extended 
to still lower strain rates, they would 
become more nearly parallel and prob- 
ably would become straighter. For a 
close approach to such a relationship, 
however, the curves would have to be 
extended to strain rates much less than 
0.001 per cent per 1000 hr. (about 0,01 
per cent per year.). 

Curves such as those in Fig. 28 should 
represent stress-temperature-rate rela- 
tions for a constant amount of plastic 
deformation. As shown in Figs. 20(a) 
and 21(a), the total plastic deformation 
at any cohesion limit varies little with 
corresponding variations of the tempera- 
ture and the strain rate. Because any 
single curve in Fig. 28 represents a con- 
stant stress, therefore, it also represents 
approximately constant plastic deforma- 
tion. Any single curve in Fig. 28, there- 
fore, probably is unaffected by a deforma- 
tion variable, but the heat of activation, 
Q, possibly varies from .curve to curve. 

Influence ( ■ q-f TEMPERAxxjitE ■ and 
, Strain Rate on the Mechanical 
Properties oe Copper and Monel 
' Metal Between —188 C. and the 
Melting Point. 

It is now possible to correlate the 


results obtained with copper and monel 
metal at elevated temperatures with 
results previously obtained with the 
same metals at low temperatures (14). 
The experiments at elevated tempera- 
tures were made with the cold-worked 
copper, N, and monel metal, G; the 
experiments at low temperatures were 
made with both the cold-worked and the 
annealed metals. The correlated re- 
sults, together with some data obtained 
by other investigators, are assembled in 
Figs. 29 to 33, These figures thus show 
the influence of temperature and the 
strain rate on the mechanical properties 
of copper and monel metal between 
— 188 C. (liquid air temperature) and 
their respective melting points. 

Figure 29 shows the influence of tem- 
perature and the strain rate on the flow 
stress, ultimate stress and breaking stress 
of copper. The yield stress, ultimate 
stress and breaking stress, determined 
in ordinary tension tests, vary linearly 
with temperature (on. this scale) be- 
tween — 188C. and about +100 C. 
A single line can be used to represent the 
variation of the breaking stresses of both 
annealed and cold-worked copper 
throughout this temperature range. 
With the help of data obtained by Price 
( 29 ) with moderately cold-worked cop- 
per, the curves for ultimate stress have 
been extended to the melting point of 
copper. Above the recrystallization 
range, the curves for cold-worked copper 
coincide with the curve for annealed 
copper. The curves of cohesion at 
strain rates of 0.2, 10, and 100 per cent 
per 1000 hr. are derived from Fig. 23. 

In the ordinary tension tests the strain 
rate at the ultimate stress was about 100 
per cent per hour. At the yield stress 
the rate of loading was somewhat slower 
than is usual in a tension test. At 
fracture, the local rate of deformation 
probably was more than ten times the 
rate at the maximum load. Because of 
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the relatively fast strain' rates in the 
ordinary tension testSj the ductility 
obtained (75 per cent reduction of area) 
was much greater than in the creep 
tests (see Fig. 19). Because of the great 
ductility obtained in the ordinary tension 
tests, the effect of plastic deformation 
on the cohesive strength was sufficient 
to raise the curve of true breaking 
stress, R, far above the curves of ultimate 
stress, U. 

At the slow strain rates used in the 
creep tests the true ductility was only a 
fraction of one per cent. The cohesion 
limits, therefore, were only a little above 
the initial flow stresses. As the dnitial 
technical cohesive strength (for a specific 
temperature and strain rate) may be 
represented by a stress value between 
the initial flow stress and the beginning of 
fracture, the cohesion limit obtained in 
a creep test of copper may be viewed 
as practically identical with a correspond- 
ing initial technical cohesion limit. 
When the strain rate is relatively much 
faster, as it is in an ordinary tension test, 
the breaking stress of copper is so far 
above the yield stress that an index of 
initial technical cohesive strength can 
be established only approximately. A 
curve to represent approximately the 
influence of temperature on the initial 
technical cohesive strength of cold- 
rolled copper must be above the yield 
stress curve (which would be only slightly 
below the curve of ultimate stress) but 
below the curve of breaking stress, R. 
As shown in previous papers (11-19) 
a suitable curve for this purpose should 
be not far from the curve of ultimate 
stress. For the cold-rolled copper, iV, 
therefore, the curve of initial technical 
cohesion, To (Fig. 29) has been placed a 
little above the corresponding curve of 
ultimate stress, U, For the annealed 
copper, N-8, the curve of ultimate 
stress, 77, is far above the curve of yield 
stress, F. The curve of initial technical 


cohesion, To, therefore, has. been placed 
a little below the corresponding curve of 
ultimate stress (ll-l9). Of the two tri- 
angular symbols representing creep tests 
of annealed copper (4), one is above the 
prolonged line of yield stresses. The 
flow stresses indicated by these sym- 
bols, however, are stresses attained 
after extension to the third stage, where- 
as the yield stress line represents initial 
flow stresses. The broken line below 
the yield stress line F represents proof 
stresses corresponding to 0.02 per. cent 
plastic extension. This line points ap- 
proximately toward zero stress at the 
melting point (l7). 

Two curves in Fig. 29 show ultimate 
stress values obtained by Manjoine and 
Nadai (20) with annealed copper at the 
indicated high strain rates. The strain 
rates used were about 5000 and 30,000 
times the strain rates in an ordinary 
tension test. Even at temperatures 
near the melting point, the ultimate 
stresses obtained at these high strain 
rates were as high as those obtained in 
ordinary tension tests by Price (29) at 
temperatures 500 to 700 deg. lower. 
The weakening effect of the change from 
the lower to the higher temperature 
evidently was compensated by the 
strengthening effect of an equivalent 
increase in the strain rate. Equivalence 
ratios, therefore, may be obtained by 
comparing temperatures and strain rates 
for points at equal ordinates on the 
curves for the low and high strain rates. 
These equivalence ratios may be com- 
pared with equivalence ratios obtained 
from Fig. 28. The comparison supports 
the evidence in Fig." 28 that the equiva- 
lence ratio varies with the temperature 
and with the strain rate. 

In Fig. 30, results of some of the creep 
tests of cold-drawn monel metal, taken 
from Fig. 22, are correlated with results 
previously obtained in ordinary tension 
tests of cold-drawn and annealed monel 
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metal at lower temperatures ( 14 ). The 
curves of ultimate stress for monel metal 
(Fig. 30), unlike the curves for copper 
(Fig, 29), do not descend continuously 
with increase in temperature, but have 
an upward bulge due to strain aging. 
The bulge varies in amount and position 
with the strain rate. The slower the 
rate, the lower is the temperature at 
which strain aging has the maximum 
effect. When strain aging is dominant, a 
test at a slow rate may give a higher flow 
stress than a test at a high rate. Al- 
though strain aging evidently had some 
effect in the creep tests made at rela- 
tively low temperatures at slow rates, 
the conclusions derived from these tests 
are not affected. 

With the help of data obtained by 
Tapsell and Bradley (so) the entire 
course of the curves of ultimate stress 
of annealed monel metal has been estab- 
lished (Fig. 31). The curve for the cold- 
drawn monel metal G, if extended, 
would pass outside the creep test curve 
for 10,000 per cent per 1000 hr. and 
would unite with the curve for annealed 
metal G-14 at a point a little above the 
recrystallization range. The curves for 
cohesion of monel metal are similar in 
significance to the previously discussed 
curves for copper. 

As a basis for a study of the variation 
of true ductility over a range of tempera- 
ture from — 188 C. almost to the melting 
point, the results obtained in the creep 
tests may be correlated with results 
previously obtained at lower tempera- 
tures ( 14 ). Figure 32 shows the varia- 
tion of ductility with temperature, for 
various constant strain rates, and thus 
is complementary to Figs. 18(fit) and 
19(<5&). Within the field represented in 
Fig. 32, the ductility increases at an 
increasing rate with decrease in tempera- 
ture. For a complete picture of the 
variation of ductility with temperature 
and the strain rate, however, it is neces- 


sary to include in the view a much wider 
range of strain rates and temperatures. 
Such a view for monel metal is shown in 
Fig. 33. In ordinary tension tests 
between — 188 C. and room temperature, 
the ductility of the monel metal is high, 
and varies little with the temperature 
(14). In order that the curves may 
connect with those representing results of 
creep tests, the curvature must reverse, 
as shown in Fig. 33. Evidence obtained 
from scattered results of tension tests at 
elevated temperatures indicates that the 
curves as drawn are qualitatively correct. 
The additional evidence presented in 
Fig. 33 thus confirms the previously dis- 
cussed evidence that the ductility of 
copper and mone' metal increases with 
decrease in temperature and with in- 
crease in the strain rate. The sensitivity 
to variations of temperature and strain 
rate decreases with decrease in tempera- 
ture and with increase in the strain rate. 

The great range in ductility repre- 
sented in Fig. 33 cannot be attributed 
to the change from intercrystalline to 
transcrystalline fracture. This change 
occurs at an equi-cohesion boundary, 
which depends on both the temperature 
and the strain rate. At very slow rates, 
this boundary is far below the ordinary 
recrystallization temperature. An ap- 
proximate curve for the equicohesion 
boundary for copper is shown in Fig. 
21 {a). Tliere may be a reversal of 
curvature, however, as the curve extends 
below room temperature. The equi- 
cohesion boundary does not imply an 
abrupt change in the properties on each 
side of the boundary. The temperatures 
and strain rates in the creep tests of 
monel metal (Figs. 3 and 27) were on the 
intercrystalline side of the boundary, 
although some of the tests were near the 
boundary. Most of the creep tests of 
copper (Figs. 5, 6, 7, and 27) were on the 
intercrystalline side of the boundary, a 
few were at the boundary, and a few 
were on' the transcrystalline side. 
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' Tlie wide variations of ductility shown 
in' Fig. 33 are due to a smail differential 
effect of the strain rate and temperature 
on the flow stress and technical cohesion 
limit. Because corresponding curves of 
flow stress and cohesion limits meet at a 
smail angle (Fig. 17(a)), any variable 
that has even a slight differential effect 
on' these curves may have a great effect 
on the ductility. 
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Fig. 23.— Influence of Temperature on the Initial Breaking Stress of Cold-Rolled Copper at Various 

Strain Rates. 
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Fig. 24. — Influence of Strain Rate on the Second-Stage Flow Stress and Initial Breaking Stress of 
Cold-Drawn Monel Metal at Various Temperatures. 
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Kg. 25. — ^Influence of the Strain Rate on the Second-Stage Flow Stress and Initial Breaking Stress 
of Cold-Drawn Monel Metal at Various Temperatures. 
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Fig. 26— Influence of the Strain Rate on the Initial Breaking Stress of Cold-Rolled Copper at 

Various Temperatures, 
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Fig. 27. — Variation of the Strain Rate with Temperature for Various Second-Stage Flow and Initial Breaking Stresses. 
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Fig. 28, — Variation of the Strain Rate with the Reciprocal of the degs. Kelvin for Various Second Stage Flow and Initial Breaking 

Stresses. 
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Fig* 29. — Influence of Temperature on the Strength of Copper for Various Strain Rates. 
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Fig. 30. — ^Influence of Temperature on the Strength of Monel Metal for Various Strain Rates. 
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Fxg. 31.^ — Influence of Temperature on the Strength of Monel Metal for Various Strain Rates. 
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Fig. 32.— Influence of Temperature on the Ductility of Monel Metal and Copper at Various Strain Rates. 
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Fig, 33, — Influence of Temperature on the Ductility of Monel Metal at Various Strain Rates, 




COMPRESSIVE PROPERTIES OF ALUMINUM ALLOY SHEET AT 
ELEVATED TEMPERATURES'" 

By Alan E Flanigah,^ Leslie F. Tedsen,^ and John E, 


Synopsis 

Apparatus has been developed to allow the compression testing of sheet 
materials at elevated temperatures. It includes a testing fixture, a special 
extensometer, and an oil-bath furnace which are described in detail. The 
short-time compressive properties of five high-strength aluminum alloy sheet 
materials have been determined at temperatures up to 300 F. after exposures 
ranging from i to 1000 hr. The materials include 24S-T, 24S-T81, 24S-T86, 
R301-T, and 75S-T. The effects of temperature and time on compressive 
yield* strength are compared with those for the corresponding tensile properties 
and it is found that approximate values of compressive yield strength may be 
derived from calculations based upon the tension values. Of the materials 
tested, the members of the 24S-T8 series appear to offer the best possibilities 
for elevated-temperature service. 


The compressive properties of alumi- 
num alloy sheet are of particular interest 
in the aircraft industry and in other 
fields where the design of structures 
requires consideration of buckling. Re- 
cently techniques have been developed 
for the compression testing of sheet 
materials at room temperature. Little 
if any attention, however, has been 
devoted to the determination of elevated- 
temperature compressive properties. 

This paper describes apparatus devel- 
oped for use in short-time compression 
tests at elevated temperatures and in 
addition presents the results obtained 
on five high-strength aluminum alloy 
sheet materials at temperatures up to 
300 F. The work was done at the 
University of California as a portion of 
the restricted project NRC-548. It was 
financed by the War Production Board 
and was supervised by the Office of Pro- 

® Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28. 1946. 

1 Research Engineer, Engineer, and Associate Profes- * Boldface numbers in parentheses refer to the list of 

sor, respectively. University of California, Berkcl<?y, Calif. references appearing at the end of this paper, seep. 967. 
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duction Research and Development. 
This paper has been released for publi- 
cation by the latter agency. 

Precipitation Hardening 

As is well known, the high-strength 
aluminum alloys achieve their high 
values of tensile and compressive yield 
strength as a result of precipitation 
hardening (l, 2 )} In production they 
are subjected to a solution heat treatment 
followed by ^^ging^^ (precipitation hard- 
ening) either at room temperature or at 
suitable elevated temperatures. A con- 
siderable increase in yield strength results 
from room-temperature precipitation 
(“natural aging”), and through the ele- 
vated-temperature process (“artificial 
aging”) it is possible to obtain even 
higher values. During the first stages 
of artificial aging the yield strength may 
decrease slightly, but subsequently it 
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increases until it reaches a maximum 
value, in which condition the material 
is said to be ^^fully aged.’’ The higher 
the temperature, the more rapidly is the 
fully aged condition obtained. In the 
case of the alloy 24S the yield strength 
attainable is influenced by the applica- 
tion of cold work preceding artificial 
aging. The greater the degree of de- 
formation the greater is the yield strength 
attainable. After full aging, further 
exposure results in “overaging” attended 
by a steady decrease in yield strength. 
In the production of the artificially aged 
materials, temperatures and times are 
selected to achieve full aging. 

In view of the preceding remarks it is 
clear that a study of the elevated-tem- 
perature properties of such materials 
requires consideration of the effects of 
time at temperature (exposure time) 
as well as temperature. 

For the purpose of this paper it is 
convenient to classify the high-strength 
materials as follows: 

Group A . — Naturally aged materials. 
Precipitation-hardenable alloys which 
have been solution heat treated and 
aged at room temperature. 

Group B , — ^Artificially aged materials. 
Precipitation-hardenable alloys which 
have been solution heat treated and 
aged at elevated temperatures. 

This classification permits obvious 
generalizations on the response of each 
group to further elevated-temperature 
exposure. 

Scope of the Investigation 

This paper is concerned with the 
compressive properties of the following 
materials all tested in the form of' 
0.125-in. sheet: 

Group A . . . . 24S-T 

Group B . . . . 24S-T81, 24S-T86, 75S-T, and 
R301-T(clad) 

With the exception of R301-T all were 
in the bare (not clad) condition. Speci- 


mens were stressed in the cross-grain 
direction. Testing temperatures in- 
cluded 150, 212, 250, and 300 F., with 
exposure periods ranging from | to 


TABLE I.-EOOM TEMPERATURE TENSILE 
PROPERTIES OF THE MATERIALS TESTED. 
(Average cross-grain values based on four tests for each 
material at 15 F.) 


Material 

Tensile 
Yield 
Strength 
(0.2 per 
cent 
offset), 
psi. 

Ultimate 

Tensile 

Strength, 

psi. 

Elonga- 
tion in 

2 in., 
per cent 

24S-T (bare) 

SO 500 

70 200 

20.0 

24S-T81 (bare) 

65 900 1 

70 400 

7.0 

24S-T86 (bare) 

71 500 

75 500 

5.5 

7SS-T (bare) 

75 400 

83 700 

11.0 

R301-T (clad) 

63 600 

69 800 

10.0 


TABLE II.-NOMINAL COMPOSITIONS OF THE 
ALLOYS TESTED. 


Material 

Composition, per cent 

24S 

4.5 copper, 0.6 manganese, l.S mag- 
nesium 

4.5 copper, 1.0 silicon, 0.8 manganese, 
0.4 magnesium 

The principal hardening elements are 
zinc and magnesium with smaller ad- 
ditions of copper and other elements. 
No further information is available. 

R301 

! 

7SS 



Note.— I n each case the remainder consists of alumi- 
num and normal impurities. 


TABLE III.-STANDARD HEAT TREATMENTS FOR 
THE MATERIALS TESTED. 


Material 

Heat Treatment 

24S-T 

24S alloy solution heat treated at 910 to 
930 F. followed by quenching in cold 
water and aging at room temperature, 

24S-T stretched 1 per cent ana aged 10 
hr. at 375 F. or 12 hr. at 365 F. 

24S-T strain hardened by rolling to a 
reduction of about per cent and 

aged 5^ hr. at 375 F. or 83^ hr. at 
365 F, 

R301 alloy solution heat treated at 930 
to 950 F. followed by quenching in 
cold water and aging 6 hr. at 350 P’. or 
18 hr. at 320 F. 

7SS alloy solution heat treated at 860 to 
930 F. followed by quenching in cold 
water and aging 24 hr. at 250 F. 

24S-T81..,...;: 

24S-T86 

R301-T ' 

7SS-T 


1000 hr. Room-temperature tests were 
performed to furnish a basis for com- 


parison with the elevated-temperature 


results. 

In the case of each material the fol- 
lowing properties were determined: 
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1. Compressive yield strength (0.2 per 
cent offset) j 

2. Modulus of elasticity in compres- 
sion (Young's, modulus), and 

3. Tangent modulus^ for all stresses 
up to the yield strength. 

Materials for specimens were obtained 
from the manufacturers' commercial 


the standard heat treatments for obtain- 
ing the various conditions are listed in 
Tables II and III. 

Specimek Preparation and 
Preliminary Heating 

All specimens of each material were 
obtained from a single sheet of 0.125-in. 




Tf 


o 


r 


i ^ 

l£!1j 

! 1 


-”1 


I 223 , 
1 I 


OSRECTION OF ROLLING 


, IDENTIFICATION 
NUMBER 



_FULL SHEET 
♦ THICKNESS 
/0.I25 tN.y 

\nomihal / 


0.625 ♦ .005 


FINISHED SPECIMEN 

NOTES 

1. USE METAL BANDSAW FOR BLANKING. 00 NOT SHEAR. 

2. BLANK CONTAINS 3 SPECIMENS TO BE SEPARATED AND 
MACHINED TO SIZE AFTER PRELIMINARY HEATING. 

3. GRIND EDGES A AND B PARALLEL a SQUARE {IMPORTANT} 

4. LOCATE IDENTIFICATION NUMBERS AS SHOWN. MARK 
LIGHTLY WITH SfCRlftER. DO NOT STAMP, REMOVE 
BURRS WITH EMERY AFTER MARKING. 


Fig. 1.— Compression Specimen and Blank Used in Elevated-Temperature Exposure. 


stocks. The original room temperature 
tensile properties determined in tests on 
standard A.S.T.M. specimens (E 8-42),^ 
are listed in Table I, The nominal 
chemical compositions of the alloys and 


» The tangent modulus is defined in a later section. 
* Standard Methods of Tension Testing of Metallic 
Materials, 1944 Book of A.S.T.M. Standards, Part I, p, 962. 


nominal thickness. Blanks were sawed 
to the dimensions shown in Fig. 1, fol- 
lowing which they were heated for 
periods up to 1000 hr. in constant- 
temperature oil baths where they were 
held in fixtures to prevent warping. 
Temporal and spatial variations in the 
baths were no greater than zt:2 F. After 
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removal each blank was sawed into 
three individual specimens which were 
machined to the dimensions shown in 
Fig* 1. The bearing surfaces at the ends 
were finished by grinding. Specimens 
were then stored until needed, the inter- 
val between removal from the oil bath 
and subsequent testing ranging up to 30 
days. 

Before testing, the unmachined faces 
of each specimen were polished on a 
sheet of fine emery paper to remove 
small irregularities. Measurements of 
width and thickness were then made, the 
error in cross-section determination being 
less than | per cent. 

Special Testing Apparatus 

Since in the past the compression 
testing of sheet materials at elevated 
temperatures has received little atten- 
tion, the apparatus developed for the 
present tests will be described in some 
detail. It consists of three parts: 

1 . A fixture for supporting the speci- 
men laterally and for insuring axial 
loading, 

2. An oil-bath furnace to heat the 
fixture, to support it, and to transfer 
the load from the fixture to the lower 
platen of the testing machine, and 

3 . An averaging extensometer to be 
mounted on the specimen and to actu- 
ate a Tuckerman optical strain gage 
attached to extension arms outside of 
the furnace. 

Testing Fixture: 

Pack methods, roller guides, and 
lubricated plane guides have been used 
previously to prevent the buckling of 
sheet specimens tested in compression 
at room temperature. Hardened steel 
guides of the latter type are incorporated 
in the elevated-temperature fixture which 
is shown in Figs. 2, 3, and 5. The 
supporting surfaces are ground and 
polished to minimize friction. They are 


I in. wide by 23 ^ in. long, corresponding 
to specimen dimensions of 0.625 and* 
2.545 in., respectively. The clearances 
between specimen and guides may be 
controlled by means of two adjusting 
screws. 



Fig, 2. — ^Testing Fixture. 


A hardened steel insert at the base of 
the fixture supports the specimen on a 
polished surface. Loading is accom- 
plished by means of a hardened steel 
plunger located in the upper portion of 
the fixture and so guided that its polished 
bearing surface is parallel to that of the 
insert. In testing, a hemispherical sur- 
face at the upper extremity of the plunger 
is contacted by the plane end of a loading 
ram attached to the cross-head of the 




I 
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testing machine. The contacting sur- 
faces are hardened and ground. 

Before insertion in the fixture, speci- 
mens were coated with a film of lubri- 
cant.® With this procedure no fric- 
tional difficulties were encountered at the 
temperatures employed. 

Table IV, summarizing a series of 


testing program the screws were adjusted 
with moderate pressure by hand. ■ 
Since the differential expansion of 
specimen and fixture at elevated tem- 
peratures was small with respect to the 
allowable range of guide adjustments, 
no frictional difficulties arose from this 
source. 



tests on 0.125-in. 24S-RT sheet at room 
temperature, indicates that adjustment 
of the guide clearance screws is not criti- 
cal so long as they are tightened by 
hand. Excessive values of yield strength 
characterize the tighter adjustments pos- 
sible with a wrench. Throughout the 


® Marfak No. 3, a wheel bearing lubricant previously 
employed in compression testing at the Bureau of Stand- 
arai. 


Extensometer: 

The extensometer is shown- in Figs. 
4, 5, and 6. It consists of two rigid 
Y-shaped yokes so connected at a mid- 
point fulcrum that each is free to pivot 
in any direction about the point of con- 
tact. The open end of each yoke is 
attached to the specimen by means of 
conically pointed screws. The opposite 
ends are designed to cause relative 
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TABLE TV.— TESTS TO DETERMINE THE 
INFLUENCE OF GUIDE CLEARANCE. 

Tests made at room temperature on 34-in- bare 24S-RT 
sheet stressed transversely. 

Fixture No. 1, Extensometer No. 1, and Marfak No. 3 
employed without use of oil bath. 


Guide Adjustment 

Test 

Number 

Com- 

pressive 

Yield 

Strength, 

psi. 

Modulus of 
Elasticity 
in Com- 
pression, 
psi. 

Screws tightened 

8-4--1 

61 000 

10 840 000 

loosely by hand 

8-4-9 

60 900 

10 720 000 

8-4-11 

60 400 

10 800 000 

Average 


60 800 

10 790 000 

Screws tightened with 

8-4-2 

60 900 

10 950 000 

moderate pressure i 

8-4-8 

60 800 

10 720 000 

by hand 

8-4-10 

60 600 

10 790 000 

Average 


60 800 

10 820 000 

Screws tightened as 

8-4-3 

59 800 

10 790 000 

much as possible by 

8-4-7 

60 900 

10 650 000 

hand 

8-4-12 

61 100 

10 840 000 


8-4-14 

61 600 

10 880 000 

Average. 


60 900 1 

10 790 000 

Screws tightened with 

S-AA 

64 200 

10 770 000 

4-in. wrench 

8-4-5 

61 900 

10 680 000 


8-4-6 

64 200 

10 -760 OQO 


8-4-13 

63 500 

10 810 000 

Average 


63 500 

10 760 000 




Fig. 5. — Fixture-Specimen-Extensometer 
Assembly. 


longitudinal motion of a concentric rod 
and tube which in turn actuate a Tucker- 
man optical strain gage. With the 
extensometer mounted on a specimen 
in the oil bath, the Tuckerman gage may- 
be observed readily in its location outside 
the furnace. The design of the yokes 
and fulcrum insures that a change in the 
Tuckerman reading is directly equivalent 
to an average value of the changes in 


Fig. 4.—- Extensometer. 
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length defined by sets of gage points 
located on opposite edges of the speci- 
men. Thus the extensometer is direct 
reading and averaging. The fulcrum 
consists of a hardened 60-deg. cone held 
in a 90-deg. conical seat by means of a 
strong elliptical spring. 


good agreement with values, obtained 
previously in investigations using other 

methods.® 

Testing Furnace: 

The electrically heated testing furnace 
is shown in Figs. 7 and 8. In addition 



■TENSION SPRING 
TO HOLD CONE 
IN SEAT 


FULCRUM 
60® CONE IN 
90® CONICAL SEAT 
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=-l^ 

CONICAL T 
u^GACE PTS. 



TUCKERMAN 
OPTICAL STRAIN 
GAGE. ACTUATED 
BY RELATIVE 
MOTION OF 







AND ROD 


ROD FREE TO 
MOVE IN TUBE. 

MOTION ACTUATED 
BY LOWER YOKE 

TUBE ATTACHED 
RIGIDLY TO 
UPPER YOKE 

PLANE SURFACE 
SPERHICAL SURFACE „ 
_ (BOTH HARDENED) ± 

u* 



Fig. 6. — Schematic Drawing of Extensometer. 


Two fixtures and two extensometers 
were used alternately throughout the 
testing program, thus saving time and 
also allowing a continual check on the 
results since all tests were made in 
duplicate. 

Preliminary tests summarized in Table 
V demonstrate the similarity of results 
obtained with duplicate sets of exten- 
someters and fixtures. As in the case of 
Table IV, these tests were made on bare 
24S-RT sheet at room temperature. 
The results of Tables IV and V are in 


to a thermostatically controlled oil bath, 
it contains a pedestal for support of the 
testing fixture. The surface of the 
pedestal is parallel to the base of the 
furnace but is thermally insulated from 
it by a layer of sheet mica. Centering 
of the fixture on the pedestal is insured 
by the use of vertical guide rods attached 
to the pedestal and passing through 

6 R. L. Templin, E. C. Hartman, and D. A. Paul (3) 
of the Aluminum Research Laboratories cite the follow- 
ing values for 24S-RT sheet stressed transversely at room 


temperature: 

Compressive yield strength 61 000 psi. 

Modulus of elasticity in com- 
pression — , . 10 700 000 psi. 
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Fig, 7,— Test Assembly Showing Furnace, Load- 
ing Ram, Tuckerman Strain Gage, and 
Collimator. 


TABLE V.— PRELIMINARY TESTS TO CHECK 
AGREEMENT OBTAINABLE WITH DUPLICATE 
FIXTURES AND EXTENSOMETERS. 

All tests made at room temperature on yi-in. bare 
24S-RT sheet stressed transversely. Guide clearance 
screws adjusted with moderate pressure by hand. 


Test 

Number 

Com- 

pressive 

Yield 

Strength, 

psi. 

Modulus of 
Elasticity 
in Compres- 
sion, psi. 

Extensometer and 
Fixture 

A1 

60 700 

10 670 000 

1' 


A2 

61 100 

'10 84U OOU 

I 


A3 

61 300 

10 620 000 

1 

Tests made at 

A4 

60 900 

10 780 000 

1 

room temperature 

A5 

61 800 

10 560 000 

i 1 

without use of oil 

A6« 

61 200 

10 680 000 


Ibath 

A7« 

61 400 

10 630 000 

s 1! 


A8 

61 100 

10 880 000 

IJ 


Average.. 

61 200 

10 710 000 



B3 

60 300 

10 880 000 

2i 


B4 

61 200 

10 640 000 

21 

i 

B5 

61 100 

10 870 000 

' 2| 

1 Tests made at 

B6 

60 800 

10 770 000 

2l 

[room temperature 

B7 

60 900 

10 710 000 

21 

'without use of oil 

B8 

1 60 700 

10 890 000 

2 

bath 

B9 

61 000 

10 700 000 

2 


BIO 

60 900 

10 630 000 

2J 


Average.. 

60 900 

10 760 000 



Bll 

60 700 

10 700 000 


Tests made in oil 

B12 

61 100 

10 730 000 

2* 

j-bath at room tem- 

B13 

61 400 

10 640 000 

IJ 

1 perature 

Average... 

61 100 

10 690 000 




®Two tests made without lubricant (guides wiped 
clean) to test sensitivity to changes in lubrication. All 
other tests made as usual with Marfak No. 3. 
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Fig. 8.— Schematic Drawing of Furnace. 
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matching holes in the base of the fixture. ' a specimen was less than I F. after at- 
The bearing surface of the pedestal con- tainment of equilibrium. In each test 
sists of a number of liiglij narrow cleats the specimen temperature was measured 
so arranged that debris ma}^ not inter- by means of a thermocouple located in 
fere with the seating of the fixture. The the base of the fixture, the temperature 
fixture may be inserted and removed at this location corresponding precisely 
through an opening in the top of the to that of the specimen. All testing 

70 000 
60 000 
50 000 
40 000 
30 000 
^ 20 000 
iOOOO 

f 0 

2 80 000 
g 70 000 

fc 60 000 

a 50 000 
d 40 000 

> 30000 

> 20 000 

g 10 000 

S 0 

I 60 000 
O 50 000 
40 000 
30 000 
20 000 
10 000 

0 

OJ 1.0 10 too 1000 O.f 0.1 10 too 1000 

TIME AT TEiiPERATURE.HR. 

Fig. 9. — Effects of Temperature and Exposure Time on Compressive Yield Strength at Elevated 

Temperatures. 

furnace, the latter also serving to admit temperatures were within ±2 F, of the 
the loading ram. As in the case of the nominal value* 

pedestal, the ram contains an insulating It had been planned to heat the hollow 
layer of mica to minimize heat loss by ram internally to compensate for heat 
conduction. lost to the atmosphere during its brief 

A ^‘Core Oven Conveyor OiF^ was em- withdrawal from the furnace between 
ployed in the oil bath at all temperatures, tests. It was found, however, that such 
No fuming was noted and forced circu- heating was unnecessary, the loss being 
lation was not required. Under routine small in relation to the heat capacity of 
testing conditions at 300 F., the over-all the oil bath. 

temperature variation oyer the length of A second furnace similar to the first 
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Fig. 10. — Effects of Temperature and Ejcposure Time on Compressive Yield Strength at Elevated 

Temperatures. 

was used to preheat specimens just prior 
to msertion in the testing furnace. 

Testing Procedure 

Preceding each test, the specimen faces 
were polished and measurements of 


thickness and width were obtained. The 
specimen was then coated with lubricant 
and inserted in the fixture. After at- 
tachment of the extensometer, the entire 
assembly was placed in the oil bath of 
the preheating furnace where it was 
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allowed to remain for approximately ten heating bath. The specimen was loaded 
minutes. During this period it attained continuously throughout the test. Fol- 
a temperature within several degrees of lowing removal of the apparatus from 
the desired testing temperature. At this the testing furnace it was washed in a 
stage the ram was raised from the testing bath of solvent at room temperature and 



Fig. 11. ""Effects of Temperature on the Modulus of Elasticity in Compression at Elevated 

Temperatures. 

furnace, the fixture was transferred from another specimen was inserted in the 
the preheating bath, and the ram was fixture. 

replaced. The Tiickerman strain gage All tests were conducted on the 10, 000- 
was then attached and the entire assem- lb. range of a 200,000-ib. Tate-Emery 
bly allowed to attain thermal equi- testing machine. . Use of the preheating 
librium. Testing at a constant strain furnace and duplicate fixtures and exten- 
rate of 0.002 in. per inch per minute was someters permitted the simultaneous 
begun approximately 20 min. after progress of two tests, thus reducing the 
insertion of the assembly in the pre- time required for testing. 
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Derivation of Tangent Modulus 
Curves 

When the design must take plastic 
buckling into consideration it is desirable 
to know the shape of the stress-strain 
curve in the plastic region, the relation 
between stress and the slope of the curve 
being a significant feature (4, S). The 
slope is often called the “tangent modu- 
lus” and the curve representing it as a 
function of stress is known as the “tan- 
gent modulus curve.” The latter is 
essentially equivalent to the stress-strain 
curve itself, since either type maybe 
constructed directly from the other. 

The tangent modulus curves of this 
paper were constructed in the following 
manner: The stress-strain curve was 
determined for each test and a series of 
tangents was drawn at convenient stress 
levels. The slopes of the tangents were 
then measured and plotted against the 
corresponding stresses. Smooth curves 
were faired through the points obtained 
in this way. 

Experimental Results 

Test results are shown by means of 
curves in Figs. 9 to 12. Figures 9 and 10 
describe the effects of temperature and 
exposure time on compressive yield 
strength (0.2 per cent offset), each point 
representing an average value based 
upon two or more tests. Figure 10 is a 
crossplot of Fig. 9. 

Figure 11 shows the effect of tempera- 
ture on the modulus of elasticity. This 
property appears to be independent of 
the time at temperature. Each point 
represents an average of at least ten 
tests. 

Figure 12 shows the variation of the 
tangent modulus with stress, tempera- 
ture, and time. At temperatures where 
the effect of time is small, single curves 
have been drawn to represent all times 
from I to 1000 hr. 


Effects of Temperature und Time on Com- 
pressive Yield Strength: 

The effects of elevated-temperature 
exposure on compressive yield strength 
(Figs. 9 and 10) are mainly of two types : 

1 . Changes in yield strength produced 
by the effect of temperature alone, 
independent of precipitation effects, and 

2. Changes in yield strength resulting 
from structural alteration of the material, 
dependent upon time as well as 
temperature. 

In the case of the shortest exposure 
time (I hr.) the principal effect is that of 
temperature alone, increases in tempera- 
ture producing lower values of yield 
strength. 

As would be expected on the basis of 
previous heat treatment, the response of 
24S-T to continued exposure is found to 
differ from that of the other materials. 
All are amenable to artificial aging and in 
the process of production all except 
24S-T have been aged at elevated tem- 
_peratures to produce conditions approxi- 
mating the maximum attainable yield 
strength. Except in the case of 24S-T, 
therefore, further exposure may be 
expected to result in “overaging” at- 
tended by a decrease in yield strength. 
In the case of 24S-T an initial increase 
is to be expected followed in time by 
attainment of a maximum and thereby 
overaging. The results noted in Fig, 
9 are generally in accord with these 
expectations. 

For periods up to 1000 hr. at tempera- 
tures as high as 250 F. the effect of 
exposure time is small, an indication 
that at such temperatures the antici- 
pated changes are sluggish. 
tion is noted in the case of 75S-T where 
an appreciable decrease in yield strength 
is apparent after 1000 hr. at 250 F. At 
300 F. all materials exhibit changes after 
1000 hr. and again the effect is most 
marked in the case of 7SS-T where the 
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strength is 45 per cent lower than the 
|-hr. value. At this temperature 24S-T 
reaches a maximum value in approx- 
imately 400 hr. 

The tendency of 75S-T to undergo loss 
of strength more rapidly than the other 
materials is consistent with its lower 
temperature for artificial aging (Table 
III). 

It may be noted in Fig. 9 that with 
continued exposure at the lower tempera- 
tures small increases in yield strength 


posure time. The latter feature, which 
was noted also in elevated temperature 
tension tests (5), is not unexpected. It 
has been observed that for a given alloy 
at room temperature the values of the 
modulus of elasticity do not differ greatly 
for the various metallurgical conditions 
attainable. Thus the moduli of 24S-0, 
24S-T, 24S-T86, etc., are essentially the 
same at toom temperature. By analogy, 
continued exposure at a given tempera- 
ture may be expected to have little effect 
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occur in R301-T and75S-T while small de- 
creases are found in 24S-T. The in- 
creases in R301-T and 75S-T suggest an 
originally underaged condition in these 
materials. The decrease in the latter 
case is consistent with the small decreases 
known to occur in the preliminary stages 
of the artificial aging of 24S-T (1). 

Ejects of Temperature and Time on the 

Modulus of Elasticity: 

As anticipated, values of the modulus 
of elasticity are found to decrease 
increasing temperature. This property 
has been plotted as a function of tem- 
perature alone in Fig. 11 since the original 
data indicate it to be independent of ex- 


on the modulus in spite of the fact that 
extensive metallurgical changes may 
occur during exposure. 

Effects of Temperatwe and Time on the 

Tangent Modulus: 

The effects of temperature, time, and 
stress on the tangent modulus are shown 
for all testing conditians in Fig. 12. The 
relatively minor effect of exposure time 
at the lower temperatures has been 
neglected and single curves have been 
drawn to represent all times from | to 
1000 hr. 

As noted previously, the initial portion 
of each curve (the modulus of elasticity) 
is determined by temperature alone. At 


On Compressive Properties or- Aluminum Alloy Sheet 


965 


temperatures where time is an important 
factor, its influence is evident at the 
proportional limit and at higher stresses. 

Since R301-T is a clad material it 
should exhibit both primary and second- 
ary moduli of elasticity. In the 0.125- 
in. sheet used in this investigation, how- 
ever, the proportionate thickness of the 
cladding was small (3| per cent) and the 
effect was scarcely detectable. Accord- 
ingly, no effort was made to distinguish 
two moduli in, drawing stress- strain 
curves. Instead a single straight line 
was found to fit the data satisfactorily 
up to the proportional limit. 

Comparison of Compressive and Tensile 

Yield Strengths: 

Comparison of the compressive data 
with tensile results obtained previously 
(6) indicates that the values of tensile 
and compressive yield strength respond 
in similar manner to elevated- tempera- 
ture exposure. (Compare Fig. 9 with 
Fig. 13 which has been reproduced from 
reference 6.) For given conditions, the 
compressive values are greater than the 
tensile values due in part to the use of clad 
material in the tension tests. It may be 
seen, however, that the compression data 
may be approximated closely by calcula- 
tions based on the tension data and on 
knowledge of the compressive properties 
at room temperature. 

Let us suppose, for instance, that it is 
desired to calculate the compressive yield 
strength of bare 0.12S-in. 7SS-T sheet at 
300 F. after an exposure of 100 hr. 
AccdMing to Fi^^ 13, the tensile value 
for this condition is 46,000 psi. (for 
0.040-in. clad sheet). The tensile yield 
strength of the clad material at room 
temperature is 67,000 psi. (Fig. 13) while 
the correspondent compressive value for 
bare 0.125-in. sheet is 79,400 psi. (Fig. 9). 
We may then calculate the desired value 
as 


79,400 

67,000 


X 46,000 = 54,500 psi. 


From Fig. 9 the actual yield strength is seen 
to be 55,500 psi., in fair agreement with 
the calculated value. Table VI has been 
derived in a similar manner from Fig. 13 


TABLE VI.— EXPERIMENTAL VALUES OF ' COM» 
PRESSIVE yield strength at ELEVATED 
TEMPERATURES COMPARED WITH VALUES 
CALCULATED FROM TENSION DATA. 


Compressive Yield Strength, 
psi. X 10-3 


Treatment 

24S-T 

24S-T81 

24S-T86 

75S-T 

ExperimentaP 

Calculated^ 

ExperimentaP 

Calculated^ 

ExperimentaP 

Calculated^ 

ExperimentaP 

Calculated^ 

77 F 

51.9 

51.9 

66*8 

66.8 

74.3 

74.3 

79.4 

79.4 

212 F., hr 

51.0 

49.4 

62.8 

63.3 

70.0 

70.9 

72.5 

75.8 

212 F., 100 hr 

49.5 

49.4 

62.8 

63.3 

70.0 

70.9 

74.0 

75.8 

212 F., 1000 hr 

49.5 

50.6 

62.8 

63.3 

70;O 

70.9 

74.3 

■TS:8 

250 F., hr 

48.8 

48.2 

61.0 

61.0 

67.5 

68.1 

69.0 

71.1 

250 F., 100 hr 

48.5 

48.2 

61.0 

61.0 

67.5 

68.1 

69.0 

71.1 

250 F., 1000 hr.... 

52.0 

50.6 

61.0 

61.0 

66.2 

67.0 

64.2 

64.0 

300 F.,^ hr...... 

46.5 

47.0 

57.6 

57.6 

63.7 

64.8 

61.5 

61.6 

300 F., 100 hr 

56.5 

54.2 

57.0 

57.1 

62.2 

62.6 

55.5 

54. S 

300 F., 1000 hr.... 

58.0 

59.0 

53.7 

53.1 

57.0 

57.0 

37.5 

39.1 


® From Fig. 9 for 0.125-in. bare sheet. 

® From the relation 

rF5 ~ TVS 
CVS ~ TVS 

where: 

CVS — compressive yield strength of 0.125-in. bare 
sheet for any temperature and time, cross- 
grain; 

TVS = tensile yield strength of 0.040-in. clad sheet for 
corresponding conditions (from Fig. 13); 

{CYS)nT ~ compressive yield strength of 0,12S-in. bare 
sheet at room temperature (from Fig. 9); 
and 

{TYS)bt “ tensile yield strength of 0.040-in. clad sheet at 
room temperature (from Fig. 13). The 
values used above are 43,100, 59,100, 66,500, 
and 67,000 psi. for 24S-T, 24S-T81, 24S-T86, 
and 7SS-T, respective^’'. 


to illustrate the agreement obtained over 
a wide range of conditions. 

The method appears to correct for 
the presence or absence of cladding, since 
the compression values for bare sheet 
have been derived from the tensile values 
of the clad material. Both sets of data 
apply to the cross-grain direction. The 
method would probably prove less sue- 
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cessful if applied to the rolling direction/ 
It is certainly not suggested that it is 
generaUy applicable for all materials and 
conditions; 

The Frohlem of Creep: 

As in the case of tension testing, the 
results of short-time compression tests 


influence of creep at 300 F. The data 
were obtained for a 24S-T81 specimen 
loaded in the usual manner and main- 
tained for 30 min. at a constant com- 
pressive stress slightly lower than the 
yield strength. It may be seen that con- 
siderable deformation occurred after 
attainment of this stress. 
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Fig. 14.^ — Creep of 24S-T81 Specimen at 300 F. under Constant Compressive Stress Approximating 
the Short-Time Compressive ‘‘Yield Strength.’^ 

* Time measured from beginning of test. 

** Strain measured as difference between instantaneous value and strain immediately after stress was applied. 


at elevated temperatures may be influ- 
enced to a considerable degree by the 
strain rate employed. At sufficiently 
high temperatures extensive plastic de- 
formation may occur under prolonged 
loading at stresses well below the value 
of the short-time “yield strength.’’ 
Under the same conditions, the tangent 
modulus data may also lose significance. 
Such data, therefore, should be used with 
caution. 

Figure 14 is presented lo indicate the 

’ According to references 3 and 7 the cross-grain values 
of yield strength for several aluminum alloy sheet materials 
at room temperature are nearly the same in tension as in 
compression. In the rolling direction, however, the 
values are considerably greater in tension than in compres- 
sion. It is possible that the relative excess in the latter 
case might be altered at higher temperatures. 


Choice of Materials for Elevated Tempera-^ 

ture Service: 

On the basis of the preceding data it is 
possible to rank the high-strength alumi- 
num alloys with regard to suitability for 
services at elevated temperatures. The 
rating is intended to apply, of course, 
only with respect to the compressive 
propertied. Of the materials tested, 
members of the 24S-T8 series appear to 
offer the best possibilities. The behavior 
of R301-T is ^ similar to that of 24S-T81 
but its loss in yield strength is more rapid 
at 300 F. After sufficiently long expo- 
sure 24S-T may approach or exceed the 
strength of these materials but: until. 
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fully aged it is lower in strength and may 
be more susceptible to corrosion.^ At 
the lower temperatures 75S-T exhibits 
superior properties but its loss in yield 
strength is extremely rapid at 300 F. 

SlIMMARY AND CONCLUSIONS 

The tests to determine the short-time 
compressive properties of five high- 
strength aluminum alloy sheet materials 
at temperatures up to 300 F. after 
exposure times ranging from i to 1000 
hr.j indicated that the effects of tempera- 
ture and time on the compressive yield 
strength and modulus of elasticity are 
similar to their effects on the correspond- 
ing tensile properties. For the ma- 
terials tested it is found that approximate 
values of compressive yield strength may 
be derived by calculations based upon 
the elevated-temperature properties in 
tension. 

8 In the case of 24S it has been found that there is an 
increase in susceptibility to corrosion during the first 
stages of elevated-temperature aging. With continued 
aging, however, corrosion resistance is restored until in the 
fully aged condition it approximates that resulting from 
natural aging at room temperature (1). 


Of the materials tested it is found that 
24S-T86 and 24S-T81 offer the best 
possibilities for elevated-temperature 
service (judged solely on the basis of 
compressive properties). The behavior 
of R301-T is similar to that of 24S-T81 
but its loss of strength is more rapid at 
300 F. After sufficiently long exposure 
24S-T may approach or exceed the' 
strength of those materials but until' 
fully aged it is lower in strength and may 
be more susceptible to corrosion, At the 
lower temperatures '75S-T exhibits 
superior properties but its loss in strength 
is rapid at 300 F. 
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DISCUSSION 


Mr. F. R. Si-ianley^ {presented in 
written form ). — ^As a member of the 
committee which originally requested 
that this work be done for the aircraft, 
industry, I might explain why we wished 
to have the data in the temperature range 
and in the form given by the authors. 
The need for data up to 300 F. was pre- 
cipitated by the use of heat de-icing, 


This is nothing more than the classical 
Euler formula in which the modulus of 
elasticity, E, is replaced by the tangent 
modulus, Et. The calculations can be 
made in a few minutes by selecting a 
number of values of stress, picking the 
corresponding values of Et from the 
curves of Fig. 12, and substituting both 
in the Engesser equation to find the 



Fig 15.— Column Curves Based on Tangent Modulus, at Different Temperatures. 


in which the structure is heated by ex- 
haust gases or other means. The tan- 
gent-modulus curves (Fig. 12) were re- 
quested because we use such data a 
great deal in predicting, the buckling 
strength of aircraft structures. 

To illustrate the usefulness of the 
tangent-modulus curves shown in Fig. 
12, 1 have selected four of them and con- 
verted the data into column curves, as 
shown in the accompanying Fig. 15. 
The Engesser column formula was used. 

1 Chief of Engineering Research, Lockheed Aircraft 
Corp., Burbank, Calif. 


corresponding value of slenderness ratio 

(i/p). 

The materials selected from their Fig. 
12 were 24S-T and 75S-T, at room 
temperature and at 300 F. held for 
400 hr. The superiority of 7SS-T at 
room temperature is very obvious for 
the shorter columns. At a slenderness 
ratio of 30, the 75S-T column develops 
a buckling stress about SO per cent higher 
than that for 24S-T. At ,300 F. the 
buckling stress for the 24S-T column is 
increased, while that for 75S-T is greatly 
decreased. At a slenderness ratio of 
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30j the 75S-T column loses over 40 
per cent of its room temperature 
strength, while the 24S-T column is 
about 20 per cent stronger than it was 
at room temperature. Although these 
curves were plotted for. primary (bend- 
ing) failure of simple columns, they also 
indicate what might be expected for any 
form of buckling. 

The use of the tangent modulus in 
strength calculations is rapidly being 
extended in aircraft work. It elimi- 
nates arguments about the significance 
or definition of the yield strength and it 
takes care of the shape of the stress- 
strain diagram at the ‘‘knee.”^ The 
present paper shows how this method 
can account for temperature effects. 


Further information on the use of the 
tangent modulus can be found in “Non- 
Dimensional Buckling Curves—Their 
Development and Application’^ by Coz- 
zone and Melcon.^ 

Mr. John E. Dorn {author's closure 
by letter),— Tho authors appreciate Mr. 
Shanley’s pertinent discussion on the 
application of the tangent moduli data 
presented in this paper to the design of 
columns for resistance to buckling. The 
illustrations given in his contribution to 
this work reveal the need for these data 
for accurate design of thermal anti-icing 
equipment. 


2 Paper presented at the Fourteenth Annual Meeting 
of the Institute of the Aeronautical Sciences, January, 
1946, New York, N. Y. 


TENSILE AND CREEP STRENGTHS OF SOME MAGNESIUM-BASE 
ALLOYS AT ELEVATED TEMPERATURE* 

By A. A. Moore^ and J. C. McDonald^ 

Synopsis 

Creep tests up to and including rupture were carried out for periods of 1000 
hr. Several commercial alloys, as well as some experimental cerium-contain- 
ing alloys, were studied. 

At room temperature it was observed for many of the alloys that the yield 
strength was an adequate criterion for design of parts to be loaded steadily 
for long periods. At the maximum temperature of test, 300 F., this is true 
of cerium-containing alloys, but the commercial alloys have strengths-to-rup- 
ture less than the yield strength. The magnesium-manganese alloy, M, is the 
best of the commercial alloys in respect to creep properties at elevated tem- 
perature. 

Magnesium-base alloys do not lose ductility at rupture under long-time 
conditions of loading. 


The application of materials in the 
manufacture of heat engines has led to 
many studies of the properties of the 
materials at the operating temperatures 
of the engines. The subject has as- 
sumed increasing importance as ever 
higher stresses are encountered in going 
to the light-weight engines required by 
modern aircraft. Margins of safety be- 
come smaller, making the designer more 
conscious of the properties he may ex- 
pect under actual running conditions. 
In developing better materials, the first 
basis of comparison with the familiar 
materials is the strength of a test bar. 

The results of the standard static 
tension test have been widely used. Of 
late years it has become increasingly rec- 
ognized that such data are insufficient 
and may be misleading. Over a long 
time, creep can occur under steady 
stresses. Deformation may be so ex- 

* Presented at the Forty-ninth Annual Meeting of the 
SodejUf, June 24-28, 1946. 

'The Dow Chemical Co., Midland, Mich. 


tensive as to ruin the part for any further 
use, or actual rupture may occur. For 
these reasons, the effect of steady stresses 
over a long period of time must be 
known. The fatigue strength is also of 
importance. Such data for magnesium 
alloys may be found elsewhere.^ 
Magnesium alloys are already widely 
used in aircraft engines. This paper 
presents data on commercial alloys which 
are relatively stable at operating tem- 
peratures of such engines. Some proper- 
ties are also presented on magnesium- 
base alloys containing cerium. Similar 
alloys have been used on German en- 
gines. They retain their creep strength 
to higher temperatures than present 
commercial American alloys.^ 


2G. H. Found, “The Notch Sensitivity in Fatigue 
Loading of Some Magnesium-Base and Aluminum-Base 
Alloys,” Preprint No, 35, Forty-Ninth Annual Meeting, 
Am. Soc. Testing Mats., June 24-28, 1946. 

3 T. E. Leontis and J. P. Murphy, “The Properties of 
Cerium Containing Magnesium Alloys at Room and Ele- 
vated Temperatures,” T. P. 199S, Metals Technology, 
April, 1946. 
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A time of 1000 hr. has been arbitrarily 
selected as the limit for the creep studies. 
Shorter times, 100 hr., have been used in 
preliminary work , and in aloy evalua- 
tion. Some applications would prob- 
ably require times of test longer than 
1000 hr., but in order to obtain data on 
several materials, it appeared “desirable 


materials could not be recommended for 
use at that temperature. 

The chief omissions of commercial 
alloys from this paper are solution heat- 
treated castings and hard-roiled sheet. 
These materials are unstable above 
300 F., and are ordinarily not recom- 
mended for use at elevated temperatures. 


TABLE I.— MATERIALS TESTED. 


Designation 

Nominal Composition, per cent 

Typical Properties at Room 
Temperature 

■ ' 






Tensile 

Tensile 
Yield 
Strength, 
psi. . , 

Elonga- 
tion, 
per cent 

A.S.T.M. 

Dow 

Aluminum 

Cerium 

Manganese 

Zinc 

Strength, 

psi. 


Castings 


AZ92 

c-s« . 

9 

0 

0.2 

2 

24 000 

14 000 

2 

AZ92 

C-HTA^ 

9 


0.2 

2 

40 000 

23 000 

2 

AZ92 

C-HTS^" 

9 


0.2 

2 

40 000 

20 000 

3 

AZ63 


6 


0.2 

3 

29 000 

14 OOO 

5 

AZ63 

H-HTA* 

6 


0.2 

3 ■ I 

40 000 i 

19 000 

5 

AZ63 

H,-HTS« 

6 


0.2 ! 

3 

40 000 

17 000 

7 

AZ90 

R(i 

9 ; 


0.2 

0.7 

33 000 

22 000 

3 

ElO 



10 







Forgings 


Ml 

AZ80 

EM22 

M 

0-1 hta*^ 

8.5 

’ 2 ‘ 

1 1.5 

0.2 

2 

0.5 

I . 

36 000 

50 000 

23 000 

34 000 

7 

5 

Extrusions 

Ml 

M • j 


.... 1 

1.5 


38 000 

26 000 

10 

' AZ31 

FS-1 ! 

3 



0.2 

1 

40 000 

30 000 

IS 

AZ61 

M . i 

6 


0.2 

1 

40 000 

32 000 

15 

AZ80 

0-1 HTA^ j 

8.5 


0.2 j 

0.5 

SO 000 

34 000 

7 

Sheet 

Ml 

Ma 



1.5 


33 000 

15 000 

17 

Ml 

Mh 



1.5 


37 000 

29 000 

8 


“ Sand-cast and stabilized 4 hr. at 500 F. 

“ Heat-treated and aged 16 hr. at 350 F. 

® Heated-treated and stabilized 4 hr. at 500 F. 
^ Die cast. 


to limit the test to 1000 hr. because of 
the finite testing capacity available. 


Materials Tested 

Table I lists the materials tested. 
Composition, designation, and typical 
tensile properties at room temperature 
are given. Generally speaking, these 
materials are relatively stable up to at 
least 300 F. Tension test results at 
temperatures to 600 F. are reported 
later in the paper, although most of the 


The amount of data presented varies 
among the alloys. This was due to 
concentration of the test program on 
items which seemed of greatest import- 
ance at the time, 

Methods of Testing 

Three types of tests were made: short- 
time tension tests and two forms of 
creep tests differing mainly in the ac- 
curacy of strain measurements. At high 
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Fig. 1.— Greep-to-Rupture Tests at Room and Elevated Temperatures. Fig. 2.— Extensometer System for 

Elevated Temperature Tests. 
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stress levels, the specimen ruptures and 
a less sensitive measurement is required. 

The short“time high-temperature ten- 
sion tests were made in accordance with 
the procedures given in Standard Recom- 
mended Practice for Short-Time Ele- 
vated-Temperature Tension Tests of 
Metallic Materials (E 21 ~ 43)^ with the 
exception of specimen size and time at 
temperature. On some of the material 
tested, round bars 0.505 in. in diameter 
could not be obtained, so standard sheet 
tension test specimens, as given in 
Standard Methods of Tension Testing of 
Metallic Materials (E 8 - 42)^ were 
used. The round test specimens had 
threaded shoulders which were fitted 
into shackles supported through spheri- 
cal seats at the cross-heads. The flat 
specimens were pin-connected to clevis 
type adapters which in turn were 
threaded to fit the same shackles. 

The time at temperature was reduced 
to 10 min. instead of the 1 hr, recom- 
mended. Temperature surveys made 
with thermocouples peened into the 
specimen at various depths and taped 
to the surface of the reduced section 
showed less than 1 F. variation at the 
end of the 10-min. period. The same 
differential could be found at the end of 
the 1 -hr. heating period, so the shorter 
time was used. Check tests made using 
both 10-min. and 1-hr. heating periods 
gave identical results on a number of 
materials. A pyrometer controlled the 
temperature in the windings of a resist- 
ance-wound steel-tube furnace. The 
temperature of the specimen was meas- 
ured by means of two iron-constantan 
thermocouples taped to the reduced 
section of the specimen and protected 
from the ambient atmosphere by the 
asbestos tape. The temperature varia- 
tion and accuracy of measuring equip- 
ment were, well within the specified 
A.S.T.M. limits. 


■ The rate of straining was controlled 
by the cross-head speed. The, rate of 
cross-head travel was 0.05 in. per minute 
to the yield strength, and 0.25 in. per 
minute from this point to rupture. The 
specimen was held momentarily at a 
constant load after reaching the yield 
strength while the extensometer was dis- 
connected. Strain was recorded auto- 
graphically by an 0. S. Peters Model No. 
PSH-8 high-temperature extensometer. 
The accuracy of the extensometer is 
satisfactory for yield strength determi- 
nations. 

The equipment for creep testing is 
shown in Figs. 1 and 2. Methods of 
test conform to those given in the Stan- 
dard Recommended Practice for Con- 
ducting Long-Time High-Temperature 
Tension Tests of Metallic Materials (E 
22 - 41).^ Two methods of strain 
measurement were used, depending on 
whether the test was continued to 
rupture, or not. For creep-to-rupture 
at room temperature,* the strain was 
measured on the specimen with a dial 
gage accurate to 0.001 in. At high 
temperature, the movement of the bot- 
tom shackle was measured with the 
same gage. The value obtained from 
the shackle movement was converted 
to strain by dividing by 2|. The parallel 
section between the fillets of the test bar 
is 2J in. This method is reliable in 
giving the general shape of the creep 
curve, but the absolute values obtained 
are an approximation. The elongation 
in 2 in. is obtained from the specimen 
after rupture. 

The loading mechanism for all the 
creep tests was identical. The frames 
used for creep-to-mpture are bolted 
securely to large blocks of concrete to 
minimize the reaction when a specimen 
breaks. For creep tests where precise 
measurement of strain is required, the 


n944 Book of A.S.T.M. Standards, Part I, p. 994. 
s JWd., p. 962. 


« 1944 Book of A,S.T.M. Standards, Part I, p. 1001- 



974 


Moore and McDonald 


frames, are moiinted on 'rubber in com- 
pression to control vibration. A slight 
amount of vibration is still noted in 
making strain measurements. Most of 
this is' in the movement of the parts of 
• the extensometer system and is not ac- 
companied by a similar variation in 
stress. This was verified by the use of 
SR-4 electric strain gages on the bar 
with no change in strain being read on a 
cathode-ray oscilloscope. 

Loading is by a lever system cali- 
brated by beam and poise up to 600 
lb. and with an Amsler calibration box 
at 5000 and 10,000 lb. All calibrations 
showed the system accurate within 1 
per cent. Universal joints and knife 
edges are used to help secure axial align- 
ment. 

Heating is by electrical resistance- 
wound steel-tube furnaces. These are 
suspended from the frames and are 
closed on top to prevent chimney action. 
Temperatures are controlled by means 
of a pyrometer with the hot junction of 
the thermocouple located in the windings 
of the furnace. Thermal variation dur- 
ing the control cycle is thus held to a 
minimum by controlling at the source of 
heat. 

Since the temperature of the specimen 
is less than the pyrometer settings, the 
pyrometer must be adjusted to give the 
desired specimen temperature. This 
temperature is measured by means of a 
semi-precision potentiometer and an 
iron-constantan thermocouple taped to 
the specimen. The thermocouple wire 
is calibrated by the manufacturer. The 
reference temperatures are read to 0.2 
C. in an insulated box containing the 
connector block. This temperature- 
measuring system was checked against 
a second system consisting of a cali- 
brated thermocouple, ice-bath reference 
junction, and an L and N type K po- 
tentiometer. Results by both methods 
checked ; within , 0.3 ■ F. Maximum ' tem- 


perature variation due to the control 
cycle is 0.3 F. The temperature varia- 
tion is less than 3 F. from the nominal 
test temperature over the gage length. 

The room temperature has been main- 
tained at 95 F., except for several short 
periods of time. 

One extensometer system is shown in 
Fig. 2. A telescope and scale are used 
to measure the rotation of two mirrors 
fastened to rollers between extensions 
to collars on the reduced section of the 
specimen. The accuracy of the system 
was checked at room temperature by 
calibration against two Tuckerman opti- 
cal strain gages reading to 0.000004 in. 
which had been calibrated with an ac- 
curacy of 0.2 per cent. They were 
also checked against two SR-4 strain 
gages. Modulus variations by all meth- 
ods did not exceed 100,000 psi. in 
6,500,000 psi. The average variation in 
strain obtained by any system was less 
than 1 per cent. The sensitivity of the 
optical system is excellent. By using 
two gages, the effects of eccentric load- 
ing are minimized. 

A second extensometer, not shown, 
makes use of a double mirror system. 
The rotation of a lozenge is measured by 
a Tuckerman autocollimator. The ac- 
curacy of this method is better than the 
telescope and scale arrangement and the 
sensitivity is about the same. 

The creep-to-mpture tests were con- 
tinued to failure with a limit of about 
1000-hr. duration. A semilog plot of 
stress versus time-to-ruptiire (log) was 
used to determine the load for rupture at 
a given time. Other values obtained are 
the elongation at rupture and the time-to 
and elongation at the beginning of the 
third-stage creep. The latter values 
were obtained two stress levels for a 
given material' and . temperature since 
only selected curves were|plotted. 

On creep tests made with precision ex- 
tensometers, where the creep is some- 
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thing less than failure, the load is applied 
in increments with concurrent measure- 
ment of strain. The stress-strain curve 
is plotted and the strain is entered as a 


The load necessary for any given exten- 
sion is obtained from this graph. Creep 
rates are given betw'een 750 and 1000 
hr. if the second stage obtains. Other- 


TABLE II.— short-time tensile properties. 
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Sand Castings 


Forgings 


1 

95 

24 000 

18 900 

0.3 


200 

24 100 

16 400 

0.9 

OS \ 

300 

24 100 

13 500 

3.6 

1 

450 

IS 500 

9 600 

31.9 


600 

9 100 

5 100 

60.7 

j 

95 

40 700 

22 000 

3.2 

1 

200 

39 300 

18 700 

7.7 

C-HTS 

250 

35 300 

17 600 

35.0 

300 

27 500 

15 700 

26.0 


450 

IS 100 

9 900 

41.4 


600 

8 600 

5 400 

76.2 


95 

43 400 

26 000 

2.0 


200 

41 300 

22 000 

25.0 


250 

35 600 

20 000 

29.7 

C-HTA ■ 

300 

28 000 

18 000 

35.0 


400 

16 900 

10 900 

36.0 


500 

11 300 

7 400 

33.0 


600 

7 800 

5 100 

49.0 


95 

28 300 

17 700 

3.7 


200 

29 600 

IS 100 

7.5 


250 

29 400 

14 400 

9.2 


300 

26 100 

12 700 

32.7 


450 

14 100 

7 800 

42.9 


600 

7 800 

4 400 

65.2 


95 

38 700 

17 800 

7.6 


200 

38 000 

16 500 

15.2 


250 

33 400 

15 700 

19.5 

H-HTS. • 

300 

27 000 

14 200 

40.3 


450 

14 900 

8 600 

33.2 


, 600 

7 300 

3 700 

77.2 


95 

38 700 

17 700 

5.5 


200 

36 000 

17 300 

11.0 


250 

32 400 

16 500 

11.0 

H-HTA 

' 300 

24 500 

15 000 

15.0 


400 

17 500 

12 000 

17.0 


500 

12 000 

8 800 

15.0 


600 

8 200 

5 600 

20.0 


' 95 

19 100 


0.5 


300 

20 100 

is’ioo 

1.0 

ElO-HTA - 

400 

21300 

18 400 



500 

16 700 

10 200 

‘ 2.6 


600 

15 500 

7 400 

10.0 

Die Casting 


95 

34 200 

21900 

4.0 


200 

32 700 

21 100 

5.0 

R ... . 

300 

27 600 

16 200 

14.7 


450 

14 600 

9 800 

17.0 


600' 

7 000 

3 600 

20.7 


® O.S-in. diameter extrusion. 


M ■ 

0-1 HTA 

EM22 1 

95 

200 

250 

300 

400 

500 

600 

95 

300 

95 

300 

33 600 

23 100 

22 400 

19 900 

17 200 

10 100 

6 000 

52 900 

31 000 

36 400 

25 400 

18 800 

13 800 

16 000 

12 000 
9100 

5 900 

3 800 

39 500 

20 700 

26 000 

20 600 

11.6 

25.7; 

25.5 
30.7 

34.2 

87.5 
140,0 

4.S 

30.3 

11.5 
19.0 


Extrusions 




95 

39 600 

30 900 

7.6 


200 

27 000 

21 300 

15.0 


250 

24 400 

18 800 

‘ 20.2 

M 

300 

21300 

IS 700 

18.7 


400 

18 800 

11 700 

25.0 


500 

13 000 

7 500 

60.0 


600 

9 000 

5 400 

93.0 


95 

39 900 

28 600 

16.6 

FS-l® ^ 

200 

34 800 

22 000 

20.2 

250 

30 600 

18 300 

29.0 


300 

24 700 

14 500 

38.2 


95 

45 800 i 

33 100 

14.3 


200 

42 300 ! 

26 400 

21.0 


250 

39 000 

25 800 

30.7 

J-1 

300 

30 400 

20 200 

40.5 

400 

21400 

14 700 

42.0 


500 

12 900 

8 200 

64.0 


600 

7 900 

5 100 

70.0 


95 

56 500 

40 500 

4.5 


200 

48 500 

32 100 

20.0 


250 

42 000 

26 600 

33.0 

0-1 HTA 

! 300 

33 600 

21400 

41.2 


400 

21 600 

14 700 

49.0 


1 500 

13 600 

7 800 

83.0 


[ 600 

8 700 

4 700 

123.0 


Sheet 


( 

95 

i 33 000 

20 200 

17.7 

Ma ] 

200 

24 200 

16 200 

31,0 

250 

21600 

14 700 

40.5 

1 

300 

19 300 

12 700 

44.0 

f 

95 

36000 

27 000 

10.0 

Mh ] 

200 

29 700 

26 700 

7.7 

250 

27 300 

24 500 

11.7 


300 

25 000 

21 200 

• 16.0 


separate item called the initial extension. 
The extension-time curve is plotted on 
rectangular coordinate paper. ^ From 
this curve, creep extensions and creep 
r^tes are determined. A log-log plot of 
stress versus creep extension is prepared. 


wise, a note is made if the test was in 
the first stage, and the time to the third 
stage is given if the third stage was 
reached before the completion of the test. 

Extensions obtained at the end of 100 
hr. are included to compare; with values 
at 1000 hr. 
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If the loading rate is abnormally slow, 
some creep may occur. Care was taken 
to insure as uniform and rapid a load 
application as was consistent with ob- 
taining accurate strain readings. At 
room temperature, and at higher tem- 
peratures with some materials, the initial 
extension is the critical factor, since 
little creep was encountered at the yield 
strength of the material. 

The stresses for 0.1, 0.5, and 1 per 
cent extension in 1000 hr. are- given. 
For periods of longer than 1000 hr. an 
extrapolation may be made, but the 
attendant uncertainties should be con- 
sidered. 

The specimens tested were selected 
from commercial material with no special 
processing other than normal procedure. 
The cast bars were cast to size in separate 
molds. The extrusions were mostly f- 
in. diameter solid rounds unless other- 
wise noted. The sheet specimens were 
I in. thick for the limited creep, and 
J In. thick when creep-to-rupture was 
measured. Forged specimens were ma- 
chined from a simple forging. 

Selected specimens were examined 
metallographically before and after fail- 
ure. No change in structure other than 
an elongation of the grains was observed. 

Results 

Table II is a summary of short-time 
tensile properties determined at room 
and elevated temperatures on magne- 
sium-base alloys. In many cases creep 
tests were made on material from the 
same batch. The temperatures of test- 
ing are from 95 to a maximum of 600 F. 
The effect of increasing the temperature 
is to lower the tensile and yield strengths 
and increase the elongation values. The 
cast cerium-containing alloy has the 
highest properties above 400 F. The 
values presented are for a small number 
of test bars from material with reason- 


TABLE III.-CREEP-TO-RUPTURE. 
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Sand Castings 


1 


95 { 

25 000 

1 No rupture in 1000 hr. 

c-s 


26 000 
11 000 

1 Broke in loading 

20.1 



300 1 

.5UU 

2.5 

890 



12 000 

168 

2.3 

550 

20.5 



95 1 

37 000 

720 

9.6 

1176 

21.0 

C-HTS....* 


40 000 

140 

7.2 

265 

15.6 


300 1 

9 000 

430 

3.5 

910 

29.6 



10 000 

145 

2.0 

354 

33.7 



95 1 

34 000 

480 

7.4 

1156 

28.8 



40 000 

115 

9.0 

233 

26.8 

C-HTA....^ 


250 1 

12 000 

495 

2.7 

1080 

30.5 


14 000 

120 

5.7 

290 

30.9 



300 1 

8 000 

405 

2.5 

1181 

32.9 



10 000 

84 

2.1 

288 

35.7 



95 1 

27 000 

No rupture in 

.1000 hr. 

H-S ^ 


28 000 

Broke in loading 

30.2 



300 1 

10 000 

285 

5.6 

660 



12 000 

78 

4.3 

183 

29.6 




39 000 

730 

7.6 

840 

14.7 

H-HTS.... 

1 

300 1 

9 000 

540 

4.5 

915 

34.0 

1 


10 000 

180 

5.5 

450 

26.7 

H-HTA....i 

f 

300 1 

9 000 

330 

2.4 

728 

10.8 

1 

10 000 

90 

1.4 

310 

11.0 


Forgings 


0-lHTA..{ 

300 { 

10 000 
12 000 

310 

160 

3.5 

3.5 

794 

356 

30.S 

26.7 

EM22 [ 

300 1 

23 000 

24 000 

420 

230 

0.55 

1.4 

1258 

578 

19.3 

17.3 


Extrusions 


( 


24 

000 

1300 

16.6 

1420 

21.1 

M J 


25 

000 

340 

13.5 

477 

22.1 



12 

000 

680 

14.7 

Ills 

38.5 



14 

000 



232 

41.8 



31 

000 

m 

15.1 

866 

30.4 



32 

000 

330 

15.9 

418 

28.9 
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7 

000 
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10.5 
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55.0 



8 
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180 

9.5 

410 

54.0 
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299 
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000 

114 

3.2 

312 

44.4 
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40 

000 

610 

8.4 

1228 

24.8 



42 

000 

116 

12.0 

284 

23.2 

0-1 HTA.. 

J 

12 

000 

180 

3.2 

780 

50.4 
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14 

000 

90 

4.4 

370 

41.5 

[ 

300 ^ 

8 

000 

300 

3.5 

1148 

43.9 


Sheet 
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95 

22 000 

265 

9.3 

630 

39.8 

Ma { 

300 1 

9 000 

625 

2.9 

996 

64.0 

f 

10 000 

285 

2,1 

531 

73.0 

f 

95 1 

25 500 

1190 

1.6 

1645 

10.6 

Mh 1 

26 000 

130 

0.9 

290 

14.5 

300 1 

12 000 

190 1 

5.1 

800 

47.7 


14 000 

90 

3.5 
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35.0 


ably typical room-temperature proper- 
ties. 

The time and stress for rupture from 
the creep tests are' given in Figs. 3 to 8. 
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TIME FOR RUPTURE, HR., LOG SCALE 


Fig. 3 . — Rupture Time ’Dersus Stress of Alloy C-S (Sand Cast and Stabilized), C-HTS (Sand Cast, 
Heat-Treated, and Stabilized), and C-HTA (Sand Cast, Heat-Treated, and Aged). ■ 


H-S 
^ 95' F. 

^ 300 F. 


I H"HT$ 
O 95 F. 
e 300 F. 
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NO 

14.] - 0 I 
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TIME FOR RUPTURE, HR., LOG SCALE 


Fig. 4.— Rupture Time versus Stress of Alloy H-S (Sand Cast and Stabilized), H-HTS (Sand Cast 
Heat-Treated, and Stabilized), and H-HTA (Sand Cast, Heat-Treated, and Aged). 
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Fig. 5. — Rupture Time versus Stress of Alloy R (Die Cast), Alloy 0-1 HTA (Forged, Heat-Treated 
and Aged), and Alloy EM22 (Forged). 



Fig. 6.---Rupture Time versus Stress of Alloy M (Extruded) and Alloy FS-1 (Extruded), 


Duplicate specimens were run at each 
stress level. At 95 F. all alloys could 
sustain a load for 1000 hr. which was a 
high percentage of the short-time tensile 
strength. At 300 F. the stress for rup- 
ture in 1000 hr. is considerably less than 


the short-time tensile yield strength of 
the same alloys, with the exception of the 
cerium-containing alloys. 

■ Table III, gives data on the creep-to- 
rupture tests of selected test bars. Data 
given in addition to that on the graphs 
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are the elongation after rupture, the strength and that at 1000 lir» actualy 
time at which the test entered third-stage overlapped so that one bar would break 
creep, and the strain at that point, at a given stress while the next would not 



Fig. 7. — Rupture Time versus Stress of Alloy J-1 (Extruded) and 04 HTA (Extruded, 
Heat-Treated, and Aged). 



Fig. 8 .— Rupture Time versus Stress of Alloy Ma (Annealed Sheet) and Mh (Hard-Rolled' Sheet). 

These data were not available on all break in 1000 hr. The average showed 
materials. On some materials, par- that the stress for rupture in 1000' hr. 
ticularly the eommercial cast alloys at was only 1000 psi. less than the short- 
95 F., the ranges of the short-time . time tensile strength. 








CREEP, PER CENT 



Fig. 1 i.~Creep Curves at 95 F., 18,000 psl, and at 300 F., 3000 psi., of Alloy C-HTA (Sand Cast, 
Heat-Treated, and Aged), and of Alloy M (Extruded) at 300 F. and 7000 psi. 



Fig. 12. — Stress-Strain Curves Obtained on Loading Alloy C-HTA (Sand Cast, Heat-Treated, and 
Aged) to 18,000 psi. at 95 F, and Alloy M (Extruded) to 7000 psi- at 3(K) F. 
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TABLE IV.— CREEP DATA ON INDIVIDUAL TESTS. 


Material 

Tempera- 

ture, 

deg. Fahr. 

Load, 

psi. 

Initial 

Extension , 
Elastic Plus 
Plastic, 
per cent 

Extension by Creep, 
per cent 

Creep Rate, ^ 

750 to 1000 hr., 1 

per cent X 10« 

100 hr. 

1000 hr. 

Sand Castings 



15 000 

0.315 

0.050 

0.088 

0.18 1 



17 000 

0.366 

0.073 

0.116 

0.32 . : 


93 

18 000 

0.393 

0.075 

0.130 

0.35 



19 000 

0.428 

0.084 

0.152 

0.40 ! 



7 000 

0.108 

0.024 

0.086 

0.34 ! 



8 000 

0.130 

0.072 

0.148 

0.64 1 



9 000 

0.150 

0.087 

0.167 

0.69 

C-HTS... 


11000 

0.192 

0.145 

0.326 

1.51 



4 000 

0.065 

0.052 

0.104 

0.53 i 


250 

5 000 

0.078 

0.066 

0.184 

0.98 



7 000 

0.125 

0.104 

0.320 

1.99 



2 000 

0.040 

0.043 

0.157 

1.12 f 


-- 

3 000 

0.055 

0.095 

0.360 

2.38 1 


oOO 

4 000 

0.070 

0.133 

0.550 

3.88 i 



5 000 

0.080 

0.112 

0.482 

3.32 ^ 



17 000 

0.427 

0.043 

0.062 

0.08 i 


95 

18 000 

0.395 

0.094 

0.131 

0.33 



19 000 

0.386 

0.072 

0.146 

0.64 : 



5 000 

0.075 

0.022 

0.039 

0.14 ! 



7 000 

0.116 

0.065 

0.122 

. .0.31 , 1 

C-HTA 


8 000 

0.130 

0,079 

0.175 

0.80 ’ 1 



10 000 


0.152 

0.316 

l.is 



2 000 

0.035 

0.056 

0.139 

0.36 ; 



3 000 

0.060 

0.076 

0.246 

1.30 



4 000 

0.066 

0.148 

0.458 

2. 25 



5 000 

0.090 

0.290 

1.140 

8.0 


95 

16 000 

0.443 

0.075 

0.129 

0.41 1 



6 000 

0.095 

0.048 

0.082 

0.32 


200 

7 000 

0.117 

0.058 

0.104 

0.30 



9 000 

0.180 

0.089 

0.160 

0,41. 



4 000 

0.070 

0.022 

0 .033 

0.12 i 



5 000 

0.081 

0.048 

0.116 

0.62 .1 

H- S 


(s non 

fl 100 

0 078 

0 - 208 

1 07 ' 



2 500 

0.041 

0.044 

0.146 

0A94 • 



3 000 

0.043 

0.042 

0.138 

0.54 : 


300 ■ 

3 000 

0.050 

0.132 

0.273 

1 .09 



4 000 

0,057 

0.092 

0.270 

1.44 



5 000 

0.080 

0.160 

0.448 

1.60 ; 



16 000 

1 0.390 

0 .048 

0.075 

0.11 


95 

17 650 

0.505 

0.054 

0.092 

0.21 ! 



18 000 

0.379 

0.074 

0.123 

0.25 



9 000 

0.170 

0.77 

0.148 

0.70 i 


onn 

11000 

0.217 ! 

0.093 

0.194 

0.69 1 



14 000 

0.302 

0.152 

0.290 

1.50 



15 500 

0.374 

0.265 

0.700 

3,30 



5 000 

0.077 

0.038 

0.121 

0.89 ; 

H-HTS 


5 000 

0.079 

0.048 

0.144 

0.96 



6 000 

0.105 

0.062 

0.153 

0.92 i 


250 

7 000 

0,117 

0,073 

0.164 

0.80 



9 000 

0.160 

0.110 

0.250 

1.00 1 



10 000 

0.200 

0.180 

0.470 

2.80 ! 



12 500 

0.283 

0.340 

1.410 

3rd stage at 770 hr. i 



2 000 

0.033 

0.036 

0.132 

O.SO i 



3 000 

0.055 

0.072 

0.278 

1.60 


300 « 

4 000 

0.072 

0,098 

0.400 

2.64 



6 000 

0.120 

0.210 

0.960 

. 6.45 



7 000 

0.112 

0.175 

1.250 

11,90 : 



16 000 

0.372 

0.043 

0.063 

0.18 i 


95 

17 000 

0.415 

0.044 

0.071 

0.22 i 



18 000 

0.483 

0.056 

0.096 

0.34 



8 000 

0.125 

0.040 

0.085 

0.26 1 

O.HTA . 

200 

10 000 

0.178 

0.068 

0.117 

0.34 1 



11000 

0.185 

0.115 

0.220 

0.68 ; 



2 000 

0.032 

0.047 

0,184 

1.04 , 


300 

3 000 

0.045 

0.076 

0.270 

1.52 1 



4 000 

0.077 

0.130 

0.448 

2.60 ! 



5 000 

0.092 

0.167 

0.682 

4.60 ’ 


300 

20 000 1 

O.SSS 

0.078 

0.174 

1.07 1 


400 1 

8000 

0.130 

0.029 

0.130 

0.88 I 



10 000 

0.170 

0.036 i 

0.254 

3rd stage at 670 hr. | 


500 1 

3 500 

0.049 

0.035 

0.102 

o.ss i 

ElO-HTA... 

4 500 

0.090 

0.084 

0.224 

1.28 i 


600 1 

I 500 

0.020 

0.055 

0.340 

3.35 ■ 1 



2 500 

0.047 

0.230 

Over 

3rd stage at 100 hr. 1 






3.0% ! 







at SSO 







; hr. 
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TABLE IV — Continued. 


Material 

Tempera- 

ture, 

deg. Fahr. 

Load, 

psi. 

Initial 
Extension 
Elastic Plus 
Plastic, 
per cent 

Extension by Creep, 
per cent 

Creep Rate, 

750 to 1000 hr. 
per cent X 10* 

100 hr. 

1000 hr. 

Forgings 



4 000 

0.065 

0.072 

0.252 

1,64 



6 000 

0.102 

0.088 

0.302 

2.00 



2 080 

0.026 

0.132 

0.421 

1.60 



2 500 

0.039 

0.119 

0.404 

2.10 

0-1 HTA 

300 

3 000 

0.060 

0.155 

0.466 1 

2.30 



4 000 

0.073 

0.173 

0.653 

3.70 



5 000 

0.070 

0.185 

0.923 

6.58 



4 000 i 

0.061 

0.527 

2.675 

3rd stage at 600 lir. 

1 


5 000 i 

0.063 

0.570 

11.700 

3rd stage at 140 hr. 



18 000 

0.307 

0.042 i 

0.114 

3rd stage at 560 hr. 



20 000 

0.344 

0,044 i 

0.270 

3rd stage at 240 hr. 


Extrusions 




14 000 

0.220 

0.016 

0.079 

0.66 


95 

15 000 

0.242 

0.026 

0.164 

0.45 



16 000 

0.262 

0.149 

1 0.337 

0.27 



12 000 

0.199 

0.023 

0.033 

0.01 


200 

14 000 

0.215 

0.124 

0.127 

0.03 



15 000 

0.237 

0.210 

0.216 

0.01 



10 000 

0.150 

0.011 

0.027 

0.40 



11 000 

0.171 

0.014 

0.191 

3rd stage at 720 hr. 


liSwv 

13 000 

0.200 

0.080 

2.580 

3rd stage at 360 hr. 



14 000 

0.240 

0.250 

5.580 

3rd stage at 240 hr. 



5 000 

0.090 

0,016 

0.080 

0.69 



6 000 

0.094 

0.020 

0.133 

1.03 


300 

6 000 

0.097 

0.017 

0.076 

0.56 



7 000 

0.106 

0.026 

0.222 

1.86 



8 000 

0.122 

0,040 

0.833 

6.96 



20 000 


0.053 

0.064 

0.34 



20 000 

0.317 

0.034 

0.074 

0.15 

j-l ’ 

95 

20 000 

0.295 

0.047 

0,085 

0.29 



22 000 j 

0.340 

0.048 

0.086 

0.22 



23 000 1 

0.360 

0.048 

0 ,080 

0.32 



18 000 

0.273 

0.056 

0.112 

0.44 

04 HTA.... ■ 

95 ■ 

20 000 

0.307 

0.066 

0.151 

0.83 



20 000 

0.310 

0.060 

0.152 

0.60 


Sheet 



( 

13 000 

0.210 

0.010 

0.020 

0.09 


95 

13 200 

0.21 S 

0.019 

0.044 

0.24 


1 

14 000 

0.255 

0.123 

0.630 

2.75 


200 

11000 

0.190 

0.010 

0,030 

0.21 


250 j 

7 000 

0.111 

0.011 

0.079 

0.69 


8 000 

0.134 

0.015 

0.117 

1.20 


300 1 

4 000 

0.062 

0.041 

0,274 

2.60 


5 000 

0.070 i 

0.057 ^ 

0.580 

7.30 


Typical creep-to-rupture graphs are 
shown ill Figs. 9 and 10. They are 
presented to show the type of curve ob- 
tained at both 95 and 300 F. ■ The tests 
which ran only a few hundred hours 
showed little second-stage creep. Creep- 
to-rupture is frequently referred to as 
stress rupture. 

The creep-test data where rupture did 
not occur are listed in Table IV. Dupli- 
cate tests were seldom run at each stress 
level. Stress-strain curves' were ob- 
tained from the loading operation and 
the extension entered in the fourth 


column. The creep extension is given as 
a separate item. Typical creep curves 
are shown in Fig. 11, and their accom- 
panying stress-strain curves are given in 
Fig. 12. The loading curve for alloy 
C-HTA at 3000 psi, is not shown because 
the stress was too low to obtain enough 
points to give a good graph. 

It will be noted in Fig. 11 that M' alloy 
at 300 F. shows a somewhat different 
type of creep curve in that the first por- 
tion has an inverse bend that is completed 
in about 500 hr. After 500 hr. the curve 
is normal. . 



STRESS, PSI., LOG SCALE 









STRESS, PS! , LOG SCALE 
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The creep extensions at 1000 hr. are 
plotted against stress on a logdog scale 
in Figs. 13 through 16. From these are 
obtained the stresses for 0.1, 0.5, and 


Table VI is a summary of the short- 
time tension and creep data assembled 
for ready comparison. 

Discussion 


TABLE V.-SUMMARY OF CREEP RESULTS WITH- 
OUT RUPTURE. 




95 

21 800 

16 000 



C-HTS 

200 

9 400 

7 400 

12 800 


250 

6 900 

3 900 

8 100 



300 

3 400 

1 500 

3 800 



95 

19 000 

17 900 



C-HTA 

200 

8 600 

6 800 

li 200 



300 

3 100 

1 900 

3 800 



95 





H-S 

200 

9 600 

6 800 




250 

6 500 





300 

4 200 

2 2(30 

5 300 



95 

20 100 

17 400 

.... 1 


H-HTS j 

200 

11 000 

7 100 

15 400 

17 500 

250 

8 600 

4 200 

10 200 

11 700 


300 

4 100 

1 700 

4 200 

6 200 


95 i 

22 000 

18 200 



h-hta 

200 

11 000 i 

8 900 




. 300 1 

3 500 ! 

1 600 

4 ’200 

6 300 


400 


7 300 



ElO-HTA....' 

500 

i’soo 

3 400 




600 1 

1 800 

i 




Forgings 


0-lHTA ...{ 
EM22 

300 

350 

300 


17 800 

3 000 

i 

5 300 

4 400“ 

Extrusion 


95 

16 800 

14 300 

16 600 



200 

13 900 

13 800 



M ■ 

250 

13 000 

10 700 

li 800 

12 200 






14 000“ 


300 


5 700 

7 400 

8 200 


Sheet 


95 

13 900 

13 500 

14 000 

200 




250 


7 600 


300 



4 8(30 


® Stress for S per cent extension. 


1 per cent creep in 1000 hr. given in 
Table V. Two values for 5 per cent 
extension are given. The data on some 
materials are meager. The values given 
in Table V may be changed slightly as 
more tests are run, 


The main purpose in publishing these 
data is to make available to engineers 
usable information for designing parts 
which will operate at elevated tempera- 
ture. Even though the data may not 
be directly applicable, they can probably 
be used in a comparative and qualitative 
way. Study of these data reveals a 
number of interesting points. 

Both the yield strength and the ten- 
sile strength can be used in design. To 
compare with these values we have the 
stress for a certain deformation, or 
the stress- to-rupture under creep-loading 
conditions. The data for all these prop- 
erties appear in Table VI 

At 95 F., the stress-to-rupture is 
above the yield strength for nearly all 
the alloys and is almost as high as the 
tensile strength for many of them. Sand 
castings deform but a small amount in 
1000 hr, at the yield strength. Data 
are available for only one wrought alloy, 
M, which is the lowest of the commercial 
wrought alloys in respect to static 
properties. The limiting stresses for 
creep conditions on this material, at 
this temperature, appear to be lower 
than the yield strength. 

The data at 200 F. are limited, but 
some conclusions may be drawn. Sand 
castings may deform 1 per cent in creep 
in 1000 hr. at the yield strength. It is 
probable that the rupture values for 
castings are above the^ yield strength. 
Although the yield strength of extruded 
alloy M is lower than at 95 F., the stress 
for 0.1 per cent creep remains the same. 

At 250 and 300 F., the yield strength 
appears to be higher than the highest 
creep stress measured' — the stress- to-rup- 
ture — except for the cerium-containing 
alloys. The yield strength is still a 



Of Tensile and Creep Strengths of Magnesitim-Base Alloys 987 


TABLE VI.-SDMMARY OF SHORT-TIME TENSION AND 1000-HR. CREEP DATA. 


Stress for 
0.1 per 
cent Creep, 
psi. 

Stress for 
O.S per 
cent Creep, 
psi. 

Stress for 
1.0 per 
cent Creep, 
psi. 

Yield 

Strength, 

psi. 

Stress for 
Rupture, 
psi. 

Tensile 

Strength, 

psi. 

Elongation 
in 2 in., 
per cent 


Material 


Elongation 
in 2 in. 
for Rupture 
at 1000 ht.j 
per cent 


95 F. 


Sand Castings 


C-S 

C~HTS........ 

C-HTA 

H-S 

H-HTS... 

H-HTA 

lOOOO 

17 900 

17 400 

18 200 



18 900 1 

22 000 

26 000 

17 700 1 

17 800 ! 

17 700 

25 000 

37 300 

35 500 

27 000 

38 800 

37 400® 

24 000 

40 700 

43 400 

28 300 

38 700 

38 700 

0.3 ; 

3.2 ; 

2.0 

3.7 

7.6 

S.S 

26.6 

29.7 

is '.6 

Die Casting 

R 1 


1 .... 

1 

1 21900 

1 31 000 

1 34 200 

1 4.0 1 

i 6.8 

Extrusions 

M 

14 300 

16 600 


30 900 

1 24 300 

39 600 

7.6 

22.2 

FS-1 




28 600 

30 700 

39 900 

16.6 

29.8 

J-1 




33 100 

42 400 

45 800 

14.3 

23.4 

0-1 HTA 




40 500 

1 40 000 

56 500 

4.5 

25.2 

Sheet 

M a 

13 500 

14 000 


20 200 

21 700 

33 000 1 

17.7 * 

41.5 

M h 




27 000 

25 700 

36 000 i 

10.0 

15.0 


200 F. 


Sand Castings 


C-HTS 

7 400 

12 800 


18 700 


39 300 

7.7 


C-HTA 

6 800 

11 200 


22 000 


41300 

25.0 


H-S 

6 800 



15 100 


29 600 

7.S 


H-HTS 

7 100 

15 400 

iV’soo 

16 500 


38 000 

IS. 2 


H-HTA 

8 900 



17 300 


36 000 

11.0 



Extrusion 


M r...| '~i3 80Q"~"r ■■■■ I f 21 300 | .... j 27 000 j 15.0 | 

250 F. 


Sand Castings 


C-HTS 

C-HTA 

H-HTS 1 

3 900 

4 200 

8 100 

10 200 

li’760 

17 600 

20 000 

15 700 

11*900 

35 300 

35 600 

33 400 

35.0 

29.7 

19.5 

32 ‘.6 

Extrusions 

M 

10 700 

a 800 

12 200 

18 800 


24 400 

j 20.2 i 

1 .... 

0-1 HTA 




26 600 1 

11 260 i 

42 000 

1 33.0 i 

1 45.0 


Sheet 

rr~~T7r~"y6Q0 n . | . . . ' U 700 1 . . . l 21'6QQ I 40.5 1 

300 F. 


Sand Castings 


C-S 1 




13 500 

10 700 

24 100 

3.6 

25.5 

C-HTS 

1500 

3 800 


15 700 

8 800 

27 SOO 

26.0 

30.0 

C-HTA 

1 900 

3 800 


18 000 

8 000 

28 000 

35.0 

37.8 

H-S 

2 200 

S 300 


12 700 

9 300 

26 100 

32.7 

30.3 

H-HTS 

1 700 

4 200 

6 200 

14 200 

8 800 

27 000 

40.3 

34.0 

H-HTA ....... 

1 600 

4 200 

6 300 

15 000 

8 300 

24 SOO 

15.0 

11.1 


Die Casting 


K ] ^ 77.4 r7"i f .... 1 ...v j 10200 1 8 qqq*> i 27500 i 14.7 i 


Forgings 


0-1 HTA 


3 000 

5 300 

20 700 

9 300 

31000 

30.3 


EM22 

17 800 

20 600 

23 200 

25 400 

19.0 

io.o 


Extrusions 


M 

5 700 

7 400 

8 200 

15 700 

12 200 

21300 

18.7 

48.0 

FS~1 

14 500 

6 800 

24 700 

38.2 

52.0 

J-1 




20 200 

7 000 

30 400 

40.5 

57.2 

0-1 HTA 




21400 

8 300 

33 600 

41.2 

42.8 

Sheet 

M a. ' 


4 800 


12 700 

8 800 

19 300 

44.0 

76.0 

M h 



21 200 

11 500 

25 000 

16.0 

50.2 


® Stress for rupture in 500 hr, ^ Stress for rupture in 200 hr. 
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conservative design criterion for them. 
Wrought M alloy has the best creep 
properties in the field of commercial 
alloys, at these temperatures. 

When rupture does occur after long 
periods of loading, the failure is of a 
ductile nature. This means that com- 
plete failure will not occur without prior 
warning from relatively large deforma- 
tions. The loss of ductility often ob- 
served in other materials under these 
conditions has not been observed in 
magnesium-base alloys. 

Use has often been made of relatively 


short-time creep tests to measure creep 
properties.^ In this laboratory the 
stress for 0.1 per cent creep extension in 
100 hr. has been determined^ in order 
more quickly to determine creep be- 
havior on a large number of materials. 
Inspection of Table V shows that this 
stress rates the materials in much the 
same order as does the limit for 1000 - 
hr. testing. No comparison of the 
limits was made for higher values of ex- 
tension. 


’A. Beck, “The Technology of Magnesium and Its 
Alloys,” F. A. Hughes, Ltd., London (1940). 


DISCUSSION 


Mr. P. G. McVetty.^ — Reference to 
Fig. 14 of the paper shows a break in 
some of the log-log curves used to ex- 
press the relation between stress and 
the resulting creep in 1000 hr. This 
type of curve is found frequently and it 
raises a question as to whether tests at 
lower stresses would have shown a 
similar break in the other curves. To 
those of us who have occasion to ex- 
trapolate such curves into the low-stress 
field to obtain design information, this 
means that an estimate of the stress 
which will produce a specified low value 
of allowable creep may be much too high 
if it is based on the straight line log-log 
curves in Figs. 13, 14, 15, and 16. 

In many cases it lias been found that 
a hyperbolic sine curve fits the test data 
better than the power function repre- 
sented by a straight line log-log plot and 
it leads to a more conservative estimate 
of stress for low values of allowable creep 
within the expected service life. This 
subject was discussed in some detail in 
1913*^''® and it has an important bearing 

1 Mechanical Engineer. Research Labs., Westinghouse 
Electric Corp., East Pittsburgh, Pa. 

3 F. G, Mctetty, “Creep of Metals at Elevated Tem- 
peratureS"~The Hyperbolic Sine Relation Between Stress 
and Creep Rates,’* Tramactions, Am. Soc. Mechanical 
Engrs., Vol. 65, pp. 761-769 (1943). 

^ A. Nadai and P. G. McVctty, “Hyperbolic Sine Chart 
for Estimating Working Stresses of Alleys at Elevated 
Temperatures,” Proceedings, Am. Soc, Testing Mats., 
Vol. 43, p. 735 (1943), 


upon the interpretation of creep test 
data. I should like to ask the authors 
whether they have tried to fit hyperbolic 
sine curves to their data. 

Messrs. A. A. Moore and J. C. 
McDo-i^ ALB (authors^ closure by letter) — 
The hyperbolic-sine relation between 
stress and extension was applied to the 
points shown on Fig. 14. The points 
did not lie on a straight line on the log- 
log plot. Using the extreme points as a 
basis of calculation according to the 
method suggested by Mr. MeVetty in his 
paper '‘Creep of Metals at Elevated 
Temperatures; the Hyperbolic-Sine Re- 
lation Between Stress and Creep Rate,’’^ 
a slightly curved line was obtained which 
does not fit the other points. This 
method would be slightly better than a 
single straight line, but the curve is not 
great enough, to follow the abrupt change 
in slope. 

We have no data at lower stresses than 
those shown on the published figures so 
are unable to say whether some curves 
might be obtained which could be well 
fitted by the hyperbolic-sine relation. 


P. G. MeVetty, “Creep of Metals at Elevated Tem- 
peratures; the Hyperbolic-Sine Relation Between Stress 
and Creep Rate,” Transaciions, Am. Soc. Mechanical 
Engrs., Vol. 65, pp. 761-767 (1943) . 
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CREEP TESTS ON SOME EXTRUDED LEAD AND LEAD-ALLOY 
SLEEVES AND TAPES* 

By G. R. Gohn/ S. M. Arnold,* and G. M. Bouton* 


Synopsis 

Creep tests covering a period of approximately 8 yr. on specimens from 
16 commercial lead cable sleeves of 6 different compositions and from 14 
experimental lead-alloy tapes are discussed in this paper. The data show 
that Chemical lead sleeves were more resistant to creep than lead-tin or lead- 
antimony sleeves at low stresses but not at high stresses. For the tape 
specimens, a similar relationship was found between Chemical lead and all 
of the lead alloys except the high-calcium alloys which were superior to 
Chemical lead in creep resistance at all stresses. High-purity, fire-refined 
lead, which contains smaller percentages of minor constituents than Chemical 
lead, was inferior to Chemical lead at all stresses. 


To minimize the entrance of moisture 
through any defects in cable sheath and 
to operate alarm systems to indicate the 
development of sheath breaks, the Bell 
System, in the late 1920's, adopted the 
practice of maintaining gas pressure in 
many of its lead-covered cables. With 
the introduction of this procedure, the 
creep strength of the sleeving materials 
became an important factor. These 
sleeves (Fig. 1) are extruded, cylindrical 
tubes used to cover the spliced ends of 
two or more cables and are joined to the 
sheaths by means of wiped solder joints. 
Because the cables are subjected to a 
maximum gas pressure of approximately 
9 psi., the hoop stresses in the sleeves 
may be as great as 175 psi. Since the 
literature contained only meager data 
relative to the creep strength of lead and 
its alloys at stresses below 200 psi., this 
study was undertaken to determine the 
creep characteristics of various grades of 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Members of Technical Staff, Bell Telephone Labo- 
ratories, Inc., New York, N. Y. 


lead and of lead alloy s as an aid in the 
selection of a suitable sleeving material 
and to establish maximum allowable 
stresses. 

Review of Previous Work 

While there is a considerable amount 
of published data on the creep char- 
acteristics of lead alloys, most of these 
data cover stresses in excess of 200 psi. 
for relatively short periods of time. 
Most of these data have been obtained 
since 1928 when the failure of a number 
of pressurized, oil-filled power cables 
stimulated interest in the creep of lead 
and its alloys. The various reports in 
the literature can be divided into three 
groups,: (1) those dealing with long-time 
tension tests on various grades and 
alloys of lead, (2) those dealing with 
bursting tests on pipe or sheath samples, 
and (3) those dealing either with the 
mechanism of creep or the effect of 
minor impurities. A brief summary of 
this work is given in The following 
paragraphs. 
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Extensive work, undertaken by the 
UtiltieS' Research Committee in 'co- 
operation with the University of Illinois 
Engineering Experiment Station, is re- 
ported in a series of papers by Moore and 
his co-workers (1, 2, 3, 4, Most of 
this work was done on tension specimens 
cut from flattened sheath. Based upon 
these studies, Moore and Dollins (5) 
suggested in their latest report that the 
tensile stress required to produce failure 
in lead alloys at any given time can be 
computed from the formula 

(1 — log i) 

where S is the rupture stress in psi. for 
time t in hours, while Si and c are 
constants determined experimentally. 


time for which these authors present data 
(10,000 hr,), the alloys containing cal™ 
cium or 0,75 per cent antimony had the 
highest rupture stress. Of the unalloyed 
leads, Chemical lead had the highest 
rupture stress after 10,000 hr. 

Most of the creep tests made at the 
University of Illinois employed speci- 
mens from flattened sheath. On the 
other hand, Phelps, Gates, and Kahn (6) 
and Bassett and Snyder (7) were pri- 
marily concerned with bursting tests on 
sheath, although the latter authors 
made some creep tests on tension 
specimens. From their tests, most of 
which involved intermittent loading at 
elevated temperatures, — conditions sim- 
ulating those found in oil-filled power 


WIPEID SOLDER 



Fig. !.— Section of Spliced Lead-Covered Cable Showing Sleeve in Place. 


Using this formula, they have extra- 
polated their l(),000-hr. stress-rupture 
data to estimate the creep strength of 
some 35 different sheaths. The extra- 
polated values indicate that the tensile 
stress which will produce failure in 
100,000 hr, varies from 105 psi. for com- 
mon lead to 900 psi. for a lead-calcium- 
magnesiiim-tin alloy. However, since 
their plotted data do not fall on a straight 
line, extrapolated values based upon the 
use of this formula are questionable. 
These investigators also found no sig- 
nificant difference between the results of 
transverse and longitudinal creep tests on 
lead alloys. At the longest period of 

® The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1019. 


cables' — Bassett and Snyder (7) con- 
cluded that at some low stress such as 
400 psi., all types of lead and lead alloys, 
regardless of their tensile strength as 
normally expressed, would fail in approx- 
imately the same length of time. 

Moore,, Dollins, and Craig (4) have 
shown that their long-time tension tests 
on specimens can be correlated with the 
bursting tests made by Phelps, Gates, 
and Kahn on short lengths of the same 
sheaths. They therefore concluded that, 
for the sheaths studied, the tension- 
creep test is just as reliable as the more 
expensive bursting test in evaluating 
creep characteristics. The data pre- 
sented by Phelps, Gates, and Kahn 
showed that, on the . basis of bursting 
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tests made at a temperature of 110 F,, 
lead corresponding to Chemical lead had 
a higher bursting strength after 1500 hr. 
than did high-bismuth lead or copper- 
bearing lead containing 0.06 per cent 
bismuth. 

Greenwood and his co-workers ( 8 , 9 , 
have shown that minor impurities 
materially influence the creep char- 
acteristics of lead. 

Smith (12), studying pure lead, showed 
that creep, instead of being a continuing 
deformation of the material, may be 
intermittent with periods of rapid and 
extremely slow extension. The author 
reported recrystallization at high stresses 
but was unable to detect recrystallization 
at low stresses. When recrystallization 
was a factor, it was found that the 
measured rate of creep was greater than 
the value obtained by extrapolation. 

Bibliographies covering the work of 
other investigators are given in the 
papers referred to and also in a paper on 
this subject by Phillips ( 13 ). 

From the review of the literature on 
creep, it would appear that the greatest 
need is for more data at low stresses for 
long periods of time. The present paper 
is a contribution toward supplying data 
in this field. 

Materials Investigated 

The materials studied in this investiga- 
tion included 16 sleeves of 6 different 


compositions representing standard com- 
mercial alloys extruded early in 1937, and 
14 experimental tapes extruded between 

1933 and 1936; 

The following sleeves were tested: 


Sleeve 

Sleeve 

Manu- 

facturer 

Description 

Nos. 1 and 10 

A 

Chemical lead—0.9 per 
cent antimony 

Nos. 3 and 9 

B 

Secondary lead— '0.7 per 
cent antimony 

Nos, 15“ and 16“ 

B 

Secondary lead— 0.7 per 
cent antimony 

Nos. 4 and 5 

B 

Secondary lead— 3 per 
cent tin 

Nos. 2 and 7 

B 

Secondary lead 

Nos. 13 and 14 

B 

Detinned lead^ 

Nos. 6 and 8 

A 

Chemical lead 

Nos. 11 and 12 

B 

Chemical lead 


^ Check sleeves. 

^ Recovered from lead, 3 per cent tin cable sheath 
returned from the field. 


Included in this list are duplicate sleeves 
of each alloy, together with Chemical- 
lead sleeves from two manufacturers and 
two check sleeves of the 0.7 per cent 
antimony alloy extruded at a later date. 

While conditions existing at the plant 
of manufacturer A during extrusion are 
not known, sleeves supplied by manu- 
facturer B were extruded vertically by an 
inverted extrusion process. In this pro- 
cess the outer sizing die was held in a 
hollow piston and the core tube was 
supported at the bottom of the lead 
chamber. The sleeves were extruded at 
approximately 200 C. and allowed to 


MUST BE MILLED OR GROUND 
SMOOTH AND NOT FILED. NO - 
LAYOUT MARKING ON SURFACE 


WIDTH = 0.500"± O.OIO' 


NOTE-1 

GRADUAL TAPER FROM ENDS 
OF REDUCED SECTION 
TO MIDDLE. 


WIDTH PLUS 
f— 0.003" TO 0.005" 
SEE NOTE -1 


■*"^— 0 . 5 " 


11 4- X 
I® “ 


Fig. 2. — Tension and Creep Test Specimen, 



On Creep Tests oe Lead Sleeves and Tapes 


993 


cool freely in still air, reaching room 
temperature in about an hour. 

The experimental tapes included in 
this study were: 


Tape 

E.\’triision 

Temper- 

ature, 

deg. 

Cent. 

Description 

No. 68D 

23.5 

High-purity, fire-refined lead 

No. 89F. ...... 

279 

Chemical lead 

No. 84A....... 

252 

Chemical lead — 0.29 per cent 
antimony 

N0.91F 

236 

Chemical lead— '1.0 per cent 
antimony 

No. 29E 

239 

High-purity, fire-refined lead 
—0.02 per cent calcium 

No. 63C 

237 

High-purity, fire-refined lead 
— 0.027 per cent calcium 

No. 76L 

222 

Chemical lead — 0.013 per cent 
calcium 

No, lit 

209 

Chemical lead— 0.024 per cent 
calcium 

No. 74H 

277 

Chemical lead-— 0.033 per cent 
calcium 

No. S4C 

237 

Chemical lead — 0.036 per cent 
calcium 

No. SSA 

24! 

Chemical lead— 0.043 per cent 
^ calcium 

No, lOB 

215 

('hemical lead — 0.05 per cent 
calcium 

No. 60 A. ...... 

241. 

!iigh-purity, lire-refined lead 
— O.Ou per cent tellurium 

No. 92F 

229 

C'hemical lead — 0.07 per cent 
tellurium 


Among the tape alloys were two com- 
positions similar to those supplied as 
sleeving. The range of compositions 
was also extended to include high- 
purity, fire-refined lead, and alloys 
containing calcium and tellurium. 

The tape alloys were extruded at the 
Bell Telephone Laboratories in a press 
designed to simulate the conditions 
existing during tire sheathing of paper- 
insulated t:elephone cables. All of the 
tape alloys were cooled to room tempera- 
ture in about 16 hr. Although the 
variation in extrusion temperatures and 
the long cooling period may have had 
some effect on the creep strength, it is 
believed that this was secondary to the 
effect of the alloying constituents. The 
latter is of primary interest in this paper. 

Methods oj?' Test and Test Data 

The chemical analyses of the different 
materials investigated are given in Table 


I. Conventional wet methods of analy- 
sis were used except as noted. Whereas 
a complete analysis was made of the 
sleeving alloys, the tapes were analyzed 
only for the major alloying constituent, 
since leads of established purity were 
used as the basis materials. 

The tensile strength and the cor- 
responding percentage elongation in 2 in. 
were determined on specimens cross- 
milled to the dimensions shown in Fig. 2. 
Both transverse and longitudinal speci- 
mens were taken from flattened sleeves, 
while longitudinal specimens alone were 
taken from the tapes. These specimens 
are similar to the standard 2-in. gage 
length tension test specimen shown in 
Fig. 2 of A.S.T.M. Standard Methods of 
Tension Testing of Metallic Materials 
(E 8~42)^, except that the reduced sec- 
tion was in. in length instead of 
2| in. In computing tensile strengths, 
the cross-section of the specimens was 
determined from measurements made 
to the nearest 0.0001 in. All tension 
tests were made on a 600-lb. Amsler 
pendulum type testing machine, accurate 
to dz 1 per cent at any load, and operated 
at a head-speed of 0.250 in. per inch per 
minute. 

To determine the effect of aging during 
the course of the creep tests, tension tests 
were made on sleeves after aging at room 
temperature at various periods up to 8yr. 
Typical data are shown in Table II for 
1 month, 6 months, and approximately 
8 yr. for the sleeving alloys, and at the 
start of the creep tests and 8 yr. later for 
the tape alloys. 

The creep tests were made by hanging 
the standard tension specimens, previ- 
ously described, on specially designed 
racks. The racks were constructed on 
heavy concrete bases resting upon 
shock-absorbing material to dampen 
any extraneous vibrations. For low 
stresses, the loads were applied directly 

5 1944 Book of A.S-T.M. Standards, Part I, p. 962. 



TABLE I— CHEMICAL ANALYSIS OF LEAD AND LEAD-ALLOY SLEEVES AND TAPES. 
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® Standard Specifications for Pig Lead (B 29 - 43), 1944 Book of A.S.T.M. Standards, Part I, p. 855. ^ Lead recovered from lead-3 per cent tin cable sheath returned from the field. 

B.T.L. == Bell Telephone Laboratories, Inc. ® (S) = Analysis made by spectrochemical methods. 

® Lead i ©covered from refining miscellaneous scrap. 
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« B.T.L. = Bell Telephone Laboratories, Inc. ® All specimens were aged at room temperature prior to testing. ^ These tension tests were made in Novonber, 1936. 
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to the specimens (Fig. 3); for high 
stresses a lever system was used (Fig. 4). 
Creep tests were made on all of the 
alloys at a temperature of 80 to 85 F, 
In addition, a few tests were made at 


between bench marks scribed approxi- 
mately 3 in. apart on the specimens 
prior to hanging. The exact distance 
between bench marks was determined 
after hanging the specimens, but prior to 



Fig. 3. — Creep Rack and Cathetometer. 




20 F. on three of the tape alloys to 
determine the effect of lower tem- 
peratures. 

The creep of the specimens was 
determined from measurements made 


application of the load. For high 
stresses, the elongation of the specimen 
was measured periodically by means of 
dividers with a precision of =h 0.3 per 
cent over a 3-in. gage length; for low 



TABLE III.-TyPIGAL CREEP DATA-LONGITUBINAL TEST SPECIMENS CUT FROM LEAD 

CABLE SLEEVING. 

Sleeve No. 6, Chemical Lead (Manufacturer A) 


Specimen 

No. 25 


icimen | 
0.27 

i Specimen 
No. 19 

Specimen 

No. 18 

Specimen 

No. 21 

Specimen 

No. 22 

. Specimen 

No. 23 

Initial Stress— 
70 Per Cent of 
Ultimate Ten- 
sile Strength 
(1580 psi.) 

Initial Stress— 

. SO Per Cent of , 

; Ultimate Ten- 
t site Strength 
(1130 psi.) 

Initial Stress— 
35 Per Cent of 
Ultimate Ten- 
sile Strength 
(790 psi.) 

Initial Stress— 
20 Per Cent of 
Ultimate Ten- 
sile Strength 
(450 psi.) 

Initial Stress — 
250 psi. 

Initial Stress — 
150 psi. 

Initial Stress — 
100 psi. 


Elonga- 


Elonga- 


Elonga- 


Elonga- 

Time, 

Elonga- 


Elonga- 


Elonga- 

Time, 

tion in 

Time, 

tion in 3 

Time, 

tion in 3 

Time, 

tion in 3 

tion in 3 

Time, 

tion in 3 

Time, 

tion in 3 

hr. 

3 in., 

hr. 

in.. 

hr. 

in.. 

hr. 

in., 

hr. 

in., 

■ hr. 

in., 

hr. 

in., 


per cent 


' per cent 


per cent 


per cent 


per cent 


per cent 


per cent 

o.os 

2.00 

6 

2.00 

20 

0.30 

19 

0.30 

1250 

0 

1660 

0 

1 610 

0 

0.17 

2.70 

24 

5.3 

44 

0.70 

67 

0.30 

1800 

0 

3 600 

0 

3 680 

0 

0.25 

3,30 

48 

8.7 

116 

1.70 

139 

0.30 

2 5m 

0 

5 710 

0 

5 690 

0 

0.50 

4.70 

72 

11.3 

140 

2.00 

211 

0.30 

3 650 

0 

13 970 

0 

13 900 

0 

0.75 

5.7 

96, 

14.7 

164 

2.00 

307 

0.30 

5 810 

0 

21 860 

0.10 

21 800 

0 

1.00 

6.0 

168 

25.7 

188 

2.30 

475 

0.30 

14 110 

0.47 

48 240 

0.20 

48 190 

0 

1.25 

7.0 

192 

33.3 

212 

2.70 

739 

0.30 

21 960 

1.20 

64 680 

0.27 

63 070 

0 

l.S 

8.0 

201 

47.0 f 

284 

3,70 

907 

0.70 

48 340 

1.80 



64 630 


2.0 . : 

9.3 



308 

3.70 

1080 

0.70 

55 630 

1.80 





■'3.0 : 

11.7 



332 

4.00 

1 240 1 

0.70 

63 890 

1.90 





4.0 : 

14.0 



356 

4.70 

1510! 

0.70 







s.o 

17.7 



381 

4.70 

1900 

1.00 







6.5 

23.3 



549 : 

6.7 

3 380 , 

1.30 1 







14 

41.71 



621 i 

7.0 

5 280 

2.00 











789 

9.3 

8 950 

3.30 











957 

11.0 

13 320 

5.3 











1120 

13.3 1 

IS 480 

6.0 











1220 

14.3 ' 

47 900 

22.0 











1320 

15.7 

48 720 

23.3 











1480 

18.3 

49 420 

24.7 











1890 1 

27.3 

55 090 

24.8 











2130 

38.7 

55 250 

27.0 f 











2170 . 

48.0 f 










i denotes total elongation after fracture of test specimen. — > denotes no failure. 


TABLE XV.—RUPTURE STRESS FOR TIME INDICATED. 


i" 

•i 

r 

\ Material 

Designation 

Direction of 
Extrusion 

1 hr. 

5 hr. 

R 

o 

uptur 

o 

o 

2 Stre 

5S, psi 

o 

s 

50,000 

hr. 

60,000 

hr. 

70,000 

hr. 

j Sleeves 

! Lead-0.9%Sb 

Nos. 

1 and 10 

Transverse 


2760 

2495 

1620 

875 

395 

260 

250 





Longitudinal 



2745 

1730 

955 

, 440 

280 

275 


? I.ead-0.7%Sb 

Nos. 

3 and 9 

Transverse 


2265 

1945 

1055 

590 

300 

175 

170 





Longitudinal 


2050 

1820 

1135 

630 

305 

210 

205 


Lead-3% Sn 

Nos. 

4 and 5 

Transverse 


2380 

2180 

1545 

960 

520 

280 

265 





Longitudinal 


2200 

2035 

1475 

960 

525 

285 

275 


I, Secondary lead.. 

Nos. 

2 and 7 

Transverse 

1700 

1440 

1335 

970 

645 

400 

235 

220 





Longitudinal 

1845 

1540 

1420 

1030 

710 

405 

245 

230 


f Detinned lead,. ' 

Nos. 13 and 14 

Transverse 

1725 

1520 

1425 

1090 

765 

470 

300 

290 





Longitudinal 

1750 

1510 

1405 

1085 

775 

520 

385 

372 


|| Chemical lead.. ... 

Nos. 

6 and 8 

Transverse 


1705 

1595 

1235 

890 

600 

450 

440 





Longitudinal 


1865 

1720 

1270 

900 

610 

450 

430 



Nos. 11 and 12 

Transverse 

1785 

1590 

1495 

1120 

775 

525 

420 

415 


||' Chemical lead.. 



Longitudinal 

1735 

1560 

1425 

1145 

798 

550 

438 

430 



Tape 



High-purity, fire-refined lead.. . . 

No. 68D 

Longitudinal 

1260 

1100 

1030 

820 

630 

445 

340 

330 

325 

Chemical lead 

High-purity fire-refined lead- 

No. 89F 

Longitudinal 

1480 

1295 

1220 

990 

780 

610 

535 

525 

520 


0.06% Te 

No. 60A 

Longitudinal 


1695 

1570 

1140 

745 

420 

240 

225 

215 


Chemical lead-0 .07% Te 

No. 92F 

Longitudinal 



1855 

1370 

940 

620 

475 

465 

450 


Chemical lead-0. 29% Sb... 

No. 84 A 

Longitudinal 


im 

1415 

1080 

760 

485 

340 

325 

315 

ll 

Chemical lead-1. 0% Sb 

High-purity, fire-refined lead- 

No. 91F 

Longitudinal 




1565 

1095 

660 

395 

370 

360 


0.02% Ca 

High-purity, fire-refined lead- 

N0.29E 

Longitudinal 


2630 

2475 

1975 

1490 

1030 

975 

725 

690 

, 

0.02 7% Ca ...i 

No. 63C 

Longitudinal 



2450 

2030 

1625 

1250 

1030 

1010 

985 

l'|i 

Chemical tead-0.013% Ca. ..... . 

No, 76L 

Longitudinal ' 


isso 

1480 

1160 

855 

580 

4351 

425 

415 


Chemical tead-0.024% Ca. , , . . . . 

No, 77L 

Longitudinal 


2175 

2050 

1645 

1250 

900 

695 

675 

660 


Chemical lead-0 .033% Ca. . . . . . . 

No. 74H 

Longitudinal 



2695 

2165 

1570 

1265 

1050 

1030 

1020 


Chemical lead-0 ,036% Ca. . . . . . . 

Chemical tead-0.043% Ca. . ... . . 

No. 54C 

Longitudinal 



3170 

2585 

1960 

1355 

975 

930 

900 


No. 55A 

Longitudinal 



3120 

2530 

1940 

1355' 

940 

890 

855 


Chemical tead-0.05% Ca 

No. lOB 

Longitudinal 


46sq 

3780 

2900 

2080 

1430 

1100 

1080 

1050 
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Transverse Test Longitudinal Test 

Fig. 6. — Creep of Specimens from Lead and Lead Alloy Sleeves. 

Upper Curves— Sleeve No. 4 — Secondary Lead-3 per cent Tin. 

Lower Curves — ^Sleeve No. 2 — Secondarj"^ Lead 
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Transverse Test Longitudinal Test 

Fig, 8.— Creep of Specimens from Chemical Lead (Manufacturer B). 

Upper Curves — Sleeve No. 11 
Lower Curves — Sleeve No. 12 




High-purityj Fire Refined Lead Chemical Lead 



TIME . HR 

Chemical Lead-0.29 per cent Antimony Chemical Lead-1 per cent Antimony 

Fig. 9.— Creep of Specimens from Experimental Lead and Lead-^Alloy Tapes. 



Chemical Lead-0.013 per cent Calcium Chemical Lead-0.024 per cent Calcium 



TIME, HR. 

High-Purity, Fire-Refined Lead~0.02 per cent Calcium High-Purity, Fire-Refined Lead-0.027 per cent Calcium 

Fig. 10. — Creep of Specimens from Experimental Lead-Calcium Tapes. 



Chemical Lead-0.033 per cent Calcium Chemical Lead-0.036 per cent Calcium 
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TIME, H« 

Chemical Lead-0.043 per cent Calcium Chemical Lead-O.OS per cent Calcium 

Fig. 11,—Creep of Specimens from Experimental Lead-Calcium Tapes. 
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'mm 

stres^Sj cathetometer readings (Fig; 3) three- and four-digit numbers, the test 
were taken with a precision of rb 0.07 stresses. On curves involving no dupli- 
per cent* The elongation-time measure- cate specimens, the identifying numbers 
meats were made, until failure occurred, have been omitted. Similar curves for 
on a series of specimens from each sleeve the other alloys studied in this investiga- 
and taf^, after which the total elongation ' tion are shown in Figs. 5 to 12, inclusive, 
across the break was determined. Meas- The stress-rupture data, shown on these 


High-Purity, Fire-Refined Lead-O.Ofi per cent Tellurium 



Chemical Lead-0.07 per cent Tellurium 
Fig. 12. — Creep of Specimens from Experimental Lead-Tellurium Tapes, 

urementS ' are still being recorded ' on eight figures as limiting parameters, are 
specimens which have not yet failed. ■ summarized in. Table IV. ■ 

Table III shows typical elongation-. Photomicrographs of sleeve samples 
time data for one of the aEoys"','tested. ■ selected to' show typical changes in 
For better presentation, these values structure which occurred during pro- 
have been replotted as shown in Fig. 7. longed loading, and to show the nature 
The one- and_^two-digit numbers on the ■ . of the creep failure, are included in 
:miwes identify individual specimens; the. /Figs. 19 to 24, 
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Discussion, oe Data 

Sleeping: 

■A study of the data in Table II shows 
no signiWnt difference in the tensile 
strength or elongation of duplicate 
sleeves, of check sleeves as compared to 
the original sleeves, or between trans- 
verse and longitudinal specimens of 
the same alloy. In the case of the 
tensile strengths, the greatest spread was 
less than 6 per cent. All of the alloy 
sleeves were stronger than the unalloyed 
lead sleeves in the short-time tension 
tests. It is also evident from these data 
that there was no significant change in 
tensile strength or elongation as a result 
of aging at room temperature for 8 yr. 

A comparison of the tensile data in 
Table II with the stress-rupture data in 
Table IV shows that, while the stress- 
rupture data can be correlated with the 
tensile data at high stresses, at low 
stresses there is no correlation. 

While stress-rupture data alone, such 
as those shown in Fig. 13 for the sleeving 
alloys, have been used by many investi- 
gators to evaluate the creep character- 
istics of materials, such data can be 
applied in designs only when unlimited 
deformation short of failure is per- 
missible. In many applications, no 
deformation can be tolerated, in others 
such as lead cable sleeves only a limited 
deformation is permissible. Therefore, 
to make the creep data more useful, a 
derived stress-time relationship showing 
the stress required to produce a fixed 
elongation is frequently used. Such 
data for stresses ranging from 100 to 
1500 psi. are given in Table V. The 
stress values required to produce 3 per 
cent elongation have also been plotted in 
Fig. 14. Similar derived data are shown 
in Table VI and in Figs. 15 to 18 for the 
tape alloys. 

Space does not permit the presentation 
of all of the creep data on the duplicate 


or check sleeves. This omission is 
justified because, as illustrated' by the 
four curves shown in Fig. 8 for the two 
Chemical-lead sleeves supplied by manu- 
facturer B, there was no significant 
difference between the test results on 
different sleeves of the same alloy. The 
results of all the stress-rupture tests 
have, however, been included in the 
data given in Table IV and were used in 
computing the average values and the 
ratings for the various alloys shown in 
Tables V and VI. 

Analysis of the creep data shows that, 
except for the secondary-lead sleeves, 
there was very Tittle difference in the 
creep resistance (resistance to deforma- 
tion under continuously applied load) of 
transverse and longitudinal specimens 
of the same alloy. However, as noted by 
Moore and his co-workers (1, 2), there was 
a tendency for the rupture stress to be 
slightly higher at low stresses for the 
longitudinal specimens. In nearly all 
cases the longitudinal specimens showed 
greater elongation at failure than did the 
transverse specimens. This was prob- 
ably due, in part, to the striated structure 
frequently observed in extruded mate- 
rial; in part to the tendency of small 
inclusions such as oxides and foreign 
material to segregate in longitudinal 
planes thereby causing the formation of 
voids in lead samples subjected to 
prolonged transverse tensile loads. 
Variations in alloy composition resulting 
from the extrusion of cored ingots may 
also be partially responsible .for this 
difference. 

The lead-antimony alloys which failed 
at low stresses had very high elongations. 
This was probably due to their known 
tendencies to recrystallize after deforma- 
tion, thus minimizing the building up of 
high local stresses sufl&cient to cause 
grain-boundary separation and conse- 
quent brittle fractures. 

Further study of the data in Table V 
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TIME, HR. 

Fig. 14. — Creep Resistance of Lead Sleeving Alloys at 3 per cent Elongation. 
Note. — ^H orizontal scales in Figs. 13 and 14 are the time required to produce 3 per cent elongation. 
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TABLE VI.— CREEP RESISTANCE OF SPECIMENS CUT FROM LABORATORY EXTRUDED LEAD-ALLOY TAPES.® 
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Time in Hours Required to Produce 1 rer cent Elongation in 3 in. at Indicated Stress 




TIME, HR 

Fig. 16. — Creep Resistance of Lead Alloy Tapes at 3 per cent Elongation. 
Note .“Horizontal scales In Figs. 15 and 16 are the time required to produce 3 per cent elongation. 












TIME.1^R. 

Fig. 18.— “Creep Resistance of Lead Alloy Tapes at 3 per cent Elongation. 

NoTE.—Horizontal scales in Figs. 17 and 18 are the time required to produce 3 per cent elongation. 
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shows that none of the specimens from 
the Chemical-lead sleeves had any 
measurable elongation at a stress of 
100 psi, after 60j000 hr. One of the 
four specimens from the secondary-lead 
sleeves likewise showed no measurable 
elongation under these same conditions. 
At a stress of 150 psi., the only specimens 
which showed no measurable creep were 
some of those taken from the Chemical- 
lead sleeves, while at a stress of 250 psi. 
the specimens of all six sleeving alloys 
had either failed in less than 60,000 hr. 
or showed measurable elongation. Only 
the Chemical- and detinned-lead speci- 
mens showed no failure at this stress, 


a clue which may explain this type of 
failure. The structure of the unstressed 
extruded alloy (Fig. 20 (a)) consists of 
large areas (dark in the photomicro- 
graph) of material rich in antimony, and 
therefore of high tensile strength, sur- 
rounded by light areas depleted in 
antimony near the grain boundaries. 
These areas are weak and are conducive 
to failure in this region. 

Pronounced structural changes occur 
when the lead-antimony alloy is stressed 
for longer periods of time. Recrystal- 
lization has taken place and the anti- 
mony particles, which cause dispersion 
hardening, have coalesced to form the 



Fig. — ^Longitudinal Creep Specimen Showing Outer Surface of Secondary Lead-0.07 per cent 

Antimony Sleeve After Failure in 5950 hr. at 310 psi. (X 5). 


the Chemical-lead specimens having 
elongated from 1.7 to 6.9 per cent; those 
of detinned lead more than 10 but less 
than 15 per cent in 60,000 hr. 

The series of photomicrographs in 
Figs. 19 to 24 illustrate the mechanism 
of failure and depict the structural 
changes occurring in some of the sleeving 
materials during the creep tests. The 
first six photomicrographs pertain to 
lead-antimony alloys. Figure 19 shows 
the surfaces of a lead-0.7 per cent 
antimony specimen aftei^ failure at 
310 psi. in 5950 hr. Typical surface 
cracking and grain-boundary separation 
are dearly evident. Figure 20 provides 


dark spots shown in Fig. 20 (J). The 
matrix, containing about 0,2 per cent 
antimony in solid solution, is relatively 
weak and recrystallizes readily. These 
changes probably account for the rela- 
tively poor creep resistance of the lead- 
antimony alloys at low stress where the 
prolonged loading afforded ample time 
for recrystallization, whereas at higher 
stresses failure occurred before recrystal- 
lization had time to take place. 

A direct comparison of the structure at 
failure for a lead-0.9 per cent antimony 
alloy after short and long periods of 
stressing is afforded by Fig. 21. After 
2460 hr. at 730 psi. there has been only a 





(a) Unstressed (b) After failure in 5950 hr. at 

Fig. 20. — Secondary Lead-O.? per cent Antimony Sleeve (X 250). 

Etchant: Glacial acetic acid~30 per cent hydrogen peroxide. 


(a) After failure in 2460 hr. at 730 psi. (6) After failure in 18,410 hr. at 370 psi. 

Fig. 21.— Chemical Lead-0.9 percent Antimony Sleeve (X 250). 

Etchant: Glacial acetic acid— 30 per cent hydrogen peroxide. 
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(a) Unstressed (b) After failure in 98 hr. at 1630 psi. 

Fig. 22. — Secondary Lead-3 per cent Tin Sleeve (X 250). 

Etchant: Glacial acetic acid — 30 per cent hydrogen peroxide. 


(a) Unstressed (5) After failure in 85 hr. at 1150 psi. 

Fig. 23.— Chemical Lead Sleeve (X 250). 

Etchant: Glacial acetic acid— 30 per cent hydrogen peroxide. 
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partial reGrystallization (presence of light 
grains and sharp boundaries) with the 
preponderance of grains still striated. 
Well-distributed antimony particles, 
typical of the extruded structure, are 
also evident. After 18,410 hr. the alloy 
is almost completely recrystallized and 
extensive agglomeration of the antimony 
is evident. While time is a factor in this 
phenomenon, the stress intensity, as well, 
is undoubtedly involved. 


alloy stmctures. . The^ dark spots in 
Fig. 23 (a) are primary copper particles 
aligned by the extrusion process. In 
Fig. 23 (^), the specimen which failed 
after the relatively short period of 85 hr. 
shows substantial grain growth. 

Very little second phase can be seen 
in the structure of the detinned lead. 
Fig. 24 (5), but strain lines resulting 
from extrusion are evident. For the 
ruptured specimen, Fig. 24 (b), grain 


(a) Unstressed (b) After failure in 1830 hr. at 530 psi. 

Fig. 24. — Detinned Lead Sleeve (X 250). 

Etchant: Glacial acetic acid — 30 per cent hydrogen peroxide. 


The typical structure of the unstressed 
lead-tin alloy (Fig. 22 (a)) consists of 
dark needles or spots which are composed 
of a tin-rich solid solution precipitated 
in the lighter lead-rich matrix. The 
nature of the creep failure is shown in 
Fig. 22 (b) for this alloy. The needles 
tend to coalesce and general recrystal- 
lization has taken place. 

The microstructure of Chemical lead 
(Fig. 23) is quite different from the 


growth and local voids may be noted, 
not unlike those obtained in Chemical 
lead as shown in Fig. 23 (b). 

Tape Alloys: 

The tensile data for the tape alloys 
listed in Table II show that Chemical 
lead is slightly stronger than high-pu- 
rity lead. The improvement in tensile 
strength resulting from the addition of 
various percentages of tellurium, anti- 
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mony, and calcium to these two basic 
leads also is indicated by the data in this 
table. Unlike the sleeving alloys, the 
tape alloys all showed a marked increase 
in tensile strength during aging at room 
temperature (80 to 85 F.). This increase 
ranged from approximate^ 10 per cent 
for Chemical lead to 30 per cent for some 
of the calcium alloys. These data do 
not reflect the maximum age-hardening 
characteristics of the lead-calcium alloys 
because the initial tests were made 
several years after extrusion, and these 
alloys age-harden most rapidly during 
the first few months following extrusion. 
Since the aging phenomena observed in 
the case of the tape samples were absent 
in the lead sleeves of comparable com- 
positions, differences in extrusion condi- 
tions were probably responsible. 

The stress-rupture characteristics of 
Chemical lead, high-purity lead, and 
alloys of these two basic leads with 
small additions of tellurium are shown in 
Fig. 15, This figure also contrasts the 
stress-rupture characteristics of Chemical 
lead with alloys containing 0.29 and 
1 per cent antimony. Curves showing 
the relation between stress and the time 
required to produce 3 per cent elongation 
are shown in Fig. 16 for specimens of the 
same six tape alloys. 

The stress-rupture characteristics of 
high-purity lead and alloys containing 
0.02 and 0.027 per cent calcium are 
shown in Fig. 17, together with the 
stress-rupture characteristics of Chemical 
lead and four alloys of increasing calcium 
content. Curves showing the relation 
between stress and the time required to 
produce 3 per cent elongation are shown 
in Fig. 18 for these alloys. 

A comparison of the creep properties 
of the tape alloys can be obtained by 
examination of Figs. 15 to 18 inclusive. 
These figures illustrate representative 
data selected from Tables IV and VI, 
and the groupings are such that a com- 


parison' with Chemical lead is readily 
made. 

Chemical lead (Figs. 15 and 16) is 
superior to high-purity lead at all 
stresses. This superiority reflects the 
presence of small amounts of copper and 
silver in the Chemical lead. The addi- 
tion of tellurium to either grade of lead 
resulted in an increased creep resistance 
at high stresses and a decrease at low 
stresses. It should be noted that this 
same behavior was found for antimony 
additions to Chemical lead in the case 
of the sleeving alloys. The effects of 
additions of antimony to Chemical lead 
(Figs. 15 and 16) were similar for the 
tape and sleeving alloys. 

The creep characteristics obtained by 
alloying calcium with high-purity and 
Chemical lead are depicted in Figs. 17 
and 18. Calcium in excess of 0.013 per 
cent, unlike the other alloying constit- 
uents, improves the creep resistance at 
all stresses. Unfortunately, in the instal- 
lation of cable sleeves, it is necessary to 
^'beat in^’ the ends. The increased 
stiffness of the lead-calcium alloys makes 
this operation diflicult and this precludes 
their use as sleeving alloys at the 
present time. 

Ail of the tape alloys showed meas- 
urable creep at a stress of 250 psi., 
not only for periods of 70,000 but also 
after 60,000 hr. It was impossible to 
evaluate the creep resistance of the speci- 
mens at 150 and 100 psi. without extra- 
polation. Attempts to extrapolate the 
data to these lower stresses led to 
inconsistent results, and this procedure 
is not recommended in the interpretation 
of creep data. 

Exploratory tests made at 20 F. on 
Chemical lead, lead containing 0.033 
per cent calcium, and lead containing 
1 per cent antimony, indicate that such 
alloys have improved creep resistance at 
low temperatures (Figs. 9 and 11). 
The stress-rupture characteristics were 
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improved without auy measurable loss of 
ductility except for the 1 per cent' 
antimony alloy. 

Conclusions 

1. There was no significant difference 
in the creep resistance of the sleeving 
alloys in a transverse or longitudinal 
direction. 

2. Of the various sleeving alloys 
tested, the 0.9 per cent antimony and the 
3 per cent tin alloys had the best resist- 
ance to creep at stresses in excess of 
750 psi.; Chemical lead had the best 
creep resistance at lower stresses. 

3. The secondary lead and de tinned 
lead sleeves were found to be definitely 
inferior in creep resistance to Chemical 
lead sleeves. Likewise, the studies on 
the tape samples showed that high-purity 
lead was not as resistant to creep as 
Chemical lead. 

4. Of the various sleeving alloys, 
Chemical lead sleeves were the only ones 
showing no measurable creep after 60,000 
hr. and the maximum stress at which this 
condition prevailed lay between 100 and 
ISO psi. 

5. Of the tape alloys, lead-calcium 
alloys with more than 0.013 per cent 
calcium had better creep resistance at all 


stresses than did the unalloyed. Chemical 

lead. 

• 6. The tellurium and antimony tape 
alloys were not as resistant to creep at 
low stresses as Chemical lead. 

7. At low temperatures the, creep 
resistance of lead alloys was improved 
materially. 

8. The stress-rupture curves do not 
show a linear relationship between stress 
and the logarithm of time. Hence, no 
equation such as S = Si (1 c log /) 
can be used with any assurance to extra- 
polate short-time creep data. 
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DISCUSSION 


Messrs. H. F. Moore^ and C. W. 
Dollins^ {presented in written form ). — 
The authors of this paper have presented 
what is perhaps the most extensive series 
yet made of test results on these metals, 
especially for periods of loading above 
1000 hr. The value of this paper to 
engineers and metallurgists interested in 
cable sheathing is very great. 

Two points in the paper seem worthy 
of comment. In their Tables V and VI 
the authors report no appreciable creep 
after 60,000 hr. for certain alloys. In 
the creep tests made at the University of 
Illinois, creep was measured to 0.0001 in, 
over a gage length of 10 in., a consider- 
ably greater sensitivity of measurement 
than that used by the authors of this 
paper. It was found at Illinois that 
under loads as low as 100 psi. for the 
higher strength lead alloys and under 
loads of 50 psi. for the weaker lead alloys, 
definite indications of creep were ob- 
tained after 500 hr., or less under load. 

The authors in their conclusion 8 and 
also in the body of the paper rather sum- 
marily dismiss the stress - log time for- 
mula given in Bulletin 347 of the Illinois 
Engineering Experiment Station. It is 
quite true that this formula does not hold 
for very long times. This fact was 
pointed out in Bulletin 347, but the for- 
mula does give lower stress values than 
those found under tests lasting 1000 hr. 
or more. It gives results on the safe 
side, as is shown both by the tests of the 
authors and by tests at Illinois. It is 
believed that, while it is to be hoped that 

1 Member of the Staff of Talbot Laboratory, University 
of Illinois, Urbana, III. 


a more accurate formula will be de- 
veloped from the results of these or of 
other tests, the stress - log time formula 
can be used with a good assurance that 
the results are on the safe side. 

Mr. P. G. McVetty^ {presented in 
written farm). — The authors have con- 
tributed to our knowledge of creep 
phenomena in general by making avail- 
able the data contained in this paper. 
Only those who have made similar in- 
vestigations can appreciate the large 
amount of work involved in collecting 
these data and in the subsequent inter- 
pretation and correlation. 

It has been found useful to assume that 
the characteristics of lead and lead alloys 
at atmospheric temperature are similar 
to those of heat-resisting alloys at high 
temperatures. This assumption has per- 
mitted studies of flow characteristics in 
tests of shorter duration and without the 
complications of high temperature. It is 
somewhat disturbing to find the authors 
opposed to extrapolation from tests at 
higher stresses to the lower stresses used 
in design. This procedure is necessary 
in most cases involving heat-resisting 
alloys, unless we accept the alternative 
of more tests at low stresses and ex- 
tremely long duration. ■ 

Mr. C. J. Snyder® {presmted in writ- 
ten form). — The authors^ presentation of 
creep data on lead at low stresses is a 
much needed contribution to our litera- 
ture. As a rule one has difficulty inter- 
preting such data because different sam- 

2 Manager, Strength of Materials Section, Research 
Labs, Westinghouse Electric Corp., East Pittsburgh, Pa. 

3 Engineer in Charge, Metallurgical Lab., Anaconda 
Wire and Cable Co., Hastings-on-Hudson, N. Y, 
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pies of apparently similar material some- 
times give widely differing results, but 
tbe authors^ data and interpretation give 
a very clear picture of the subject. 
However, I have a few questions and 
comments which I believe will be in 
order. 

Can the authors explain why the ten- 
sile strength of the antimony alloy sleeves 
did not change more than shown in Table 
II? Antimonial lead sheaths on power 
cables usually show considerable change. 
For instance, the average strength of 28 
samples of 0.8 per cent antimony ahoy 
cable sheath, chemical lead base, was 
3158 psi., when tested within 7 days after 
production; but 8 months later a spot 
test of six of the cables showed a strength 
of 41 13 psi. Also the elongation of these 
samples had changed from an original of 
38 per cent, as determined on a ring- 
shaped specimen, to 22 per cent. Other 
samples extruded as empty pipe from a 
cable covering press and water-cooled 
showed about the same change in 5 
months. However, 5 yr. later the 
strength had dropped to 3440 psi. and 
the elongation had increased to 26 per 
cent. Other samples extruded from a 
pipe press and air cooled gave tensile 
values of 3650 psi. and 3? per cent elonga- 
tion when 2 weeks old, but when 4.67 
yr, old their values had changed to 4020 
psi. and 30 per cent. 

In the discussion, the authors pointed 
out that grain growth had taken place in 
the specimens of unalloyed lead cut from 
sleeves or tubes. Did they observe simi- 
lar growth in the tape samples of un- 
alloyed lead? My reason for asking this 
is that I thought the cold working of the 
sleeve samples due to splitting and flat- 
tening the tubes may have created strains 
in the specimens which caused them to 
recrystaliize. I have never noticed grain 
growth when a tube specimen was used 
for creep test. 

Were the authors able to distinguish 


and classify the character of the failures 
of all the specimens as to whether they 
were ductile type or intercrystalline 
type, such as shown by. Bassett and 
Snyder?^ We attributed considerable 
practical importance to that point be- 
cause it appeared to be a form of 
stress cracking — perhaps stress-coj:rosion 
cracking — and it seemed that every 
time a material with good creep re- 
sistance was tested it was very sensitive 
to stress cracking. Such materials when 
used as cable sheaths have failed readily 
in slow bending in service. 

My fourth point is an interesting ex- 
perience, which also illustrates the sen- 
sitivity of lead specimens to history and 
handling. Creep tests were made on 
many ring-shaped specimens at various 
increasing hoop stresses between 90 and 
500 psi. at 65 C. Specimens cut from 
samples extruded as empty tubes gave 
comparatively rapid creep at stresses up 
to 125 to 150 psi. At higher stresses, 
such as 175 to 200 psi., the creep rate was 
decidedly less than at 125 to 150 psi, and 
did not again equal the 125 psi. rate until 
a stress of about 300 psi. was reached. 
In other words, a plot of creep rate 
against stress gave a reversed Z-shaped 
curve. Specimens cut from samples 
extruded onto a cable core did not show 
the rapid creep at stress of 90 to 150 psi. 
In this low range the cable specimens 
were ten times better than tube speci- 
mens, However, above 300 psi. check 
rates were obtained. Later it was found 
that tube specimens which were stretched 
about 1 per cent over an expanding arbor 
would give values similar to cable speci- 
mens at all stresses. 

Mr. H. E. Howe^ {by letter ). — ^The 
data obtained in our laboratory on the 
creep of lead and lead alloys have also 
shown the superiority of the copper- 

4 W. H. Bassett, ^ Jr. and C. J. Snyder, ''*The Testing of 
Lead Cable Coverings," Proceedings ^ Ana. Soc. Testing 
Mats., Vol. 40, p. 910 (1940). 

6 Research Dept., American Smelting and Refining Co,, 
Barber, N.J. 
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bearing" acid and chemical leads over 
common and high purity lead at all 
stresseSj as well as over 1 per cent an ti- 
monial lead, tin-lead alloys, and tel- 
lurium-lead at the lower stresses. Creep 
results for three alloys — acid lead, chem- 
ical lead, and a 2 per cent tin alloy com- 
mercially extruded as cable sheathing — 
are plotted in the accompanying Fig. 25. 

The authors suggest that the super- 
iority of the chemical lead reflects the 
presence of small amounts of copper and 
silver. In tests on copper-bearing leads 
containing less than 0.002 per cent silver 
or silver in higher amounts than are 



Fig. 25. — Creep Resistance of Cable Sheatliing 
at 3 per cent Elongation. 

present in chemical lead, we have not 
detected any improvement in properties 
due to the presence of the silver. The 
effect of silver is definitely minor and 
appears to be obscured by the more pre- 
dominant effect of the copper. 

We have conducted many tests on 
laboratory and commercially extruded 
alloys and have found that extrusion pro- 
cedure has an appreciable effect on ten- 
sile strength, aging characteristics, and 
creep rates. Such variations further 
limit the reliability of extrapolating from 
higher to lower stresses. 

Mr. G. M. Bouton {mthor). —Th.t 
use of Mr. Moore’s formula for extra- 
polating the stress-rupture data is not 
possible, since the formula is represented 
by a straight line when plotted on a 
semi-logarithmic basis and the data 


presented in this paper definitely fall 
on a curve. While it is true that the 
values obtained by the use of the formula 
are on the safe' side, they do not permit 
appraisal of the various alloys. As an 
extreme example, extrapoktion of the 
100- and 1000-hr. values on several of the' 
materials would indicate , rupture, at 
zero stress in finite times. 

There are sound reasons why no 
formula could be expected to fit creep 
curves of lead alloys. In the first place, 
lead alloys are not constant in properties 
during aging. Precipitation hardening 
may take , place and the rate at which 
precipitation takes place is a function 
of deformation of the material. The 
degree to which the effect of deformation 
affects precipitation may be different 
for different alloys and may even be 
dependent on the extent to which the 
dispersion process has taken place at the 
time an individual alloy is placed on test. 
In addition to the precipitation changes, 
different lead alloys work-harden at 
different rates and recry stailize at room 
temperatures after different amounts 
of deformation. Thus an alloy stressed 
at a high value might deform and work- 
harden. The creep rate would then 
depend on whether the alloy would 
recrystallize. At lower stresses, where 
the amount of deformation is less and 
the time factor is greater, the alloy 
might behave much differently. Also, 
at one stress, elongation might take place 
by grain deformation while at another 
stress, grain boundary separation might 
be more pronounced. Any equation 
which would predict behavior at low 
stresses from those at hig'h stresses 
would have to integrate all of these 
factors. Because of this complexity it 
would seem, therefore, that the hope of 
obtaining such an equation for any but 
the simplest alloys is rather remote. 

Mr. Moore’s . comments concerning 
the use of more sensitive methods for 
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irieasuring creep are of considerable 
interest. Since, in most applicatior s, 
only slight creep is permissible, it should 
be possible to determine a creep rate at 
low stresses in relatively short periods 
of time which might be extrapolated to 
predict the time required to produce 1 
per cent or less extension. Since the 
deformation is small, it should have 
much less effect on precipitation, re- 
crystallization and other factors that 
influence the general properties of the 
materials. 

While there are many reasons why 
there is little hope for a formula to pre- 
dict the behavior of lead at low stresses 
from tests made at high stresses, this 
situation may not be true of all materials. 
The heat-resisting alloys mentioned by 
Mr. McVetty may not undergo the 
changes observed in lead alloys, in which 
case extrapolation by formula might be 
possible. 

We are pleased to receive the confirm- 
ing evidence presented by Mr. Howe. 
We agree entirely on the large effects 
that production conditions may have 
on the properties of the various lead 
alloys. Mr. Snyder^s comments on lead- 
antimony sheath serve further to em- 


phasize the effect of production condi- 
tions on age-hardening alloys. The 
hardening and softening phenomena 
cited are characteristic of lead-antimony 
cooled at certain rates. Quenching ac- 
centuates the age-hardening effect and 
cooling over a long period minimizes it. 
As stated in the paper, the sleeves were 
allowed to cool in air. 

The change in grain size of the pure 
lead tape samples was not determined. 
Since they were produced under condi- 
tions designed to simulate cable sheath 
manufacture, involving reeling, they 
were probably not stress free. 

Indications of the ductility of the 
various materials may be obtained from 
the elongations at failure shown in 
Figs. 5 to 11, inclusive. Generally 
speaking, the samples having the lowest 
elongation had the most intercrystalline 
fractures. 

The instances of anomalous creep 
behavior cited may be associated with 
work hardening at the time that loads 
are applied to the samples. The initial 
set of the samples stressed at inter- 
mediate values may have resulted in a 
low subsequent creep rate. 



THE BRINELL HARDNESS OF GRAY CAST IRON AND ITS RELATION 

TO SOME OTHER PROPERTIES’^ 

By J. T. Mackenzie^ 


Brinell Hardness and ■ 
Tensile Strength 

During the past few years there has 
been an increasing tendency to introduce 
a maximum value for Brinell hardness in 
TDecifications for gray cast iron which call 
for a minimum tensile strength. This 
h a simple, convenient, and reasonable 
method of obtaining the desired machina- 
bility without using the dubious alterna- 
tive of putting a maximum on the 
strength, since it is hardly conceivable 
that a casting could be too strong if the 
unnecessary extra strength is obtained 
without sacrificing other desirable prop- 
erties. Navy Department Specification 
46-I-5C carries such a specification with 
the following limits: 


Tensile Strength Minimum, 
psi. 

Brinell Hardness Maximum 

30 000 

250 

35 000 

260 

40 000 

270 

45 000 

280 


These values are indicated in Fig. 2. 
In order to have some reliable criteria for 
setting up such specifications, A.S.T.M. 
Committee A-3 on Cast Iron asked the 
author to make a study of the available 
data and present it in condensed form so 
that consumer and producer could see 
whether any given limitation of hardness 
was or was not within reason for the 
tensile strength required. 


The following firms contributed test: 

results: 

American Cast Iron Pipe Co. 

Buffalo Foundry and Machine Co. 

Climax Molybdenum Co. 

Cooper Bessemer Corp. 

Deere and Co. 

Farrell Birmingham Co. 

International Harvester Co. 

A great deal of the data is from experi- 
mental heats, but much more from actual 
operations. Most of the experimental 
heats were average results from dupli- 
cate (or more) bars and the operating 
results usually included from ten to fifty 
readings from as many bars of each grade 
of iron being made. A total of 1553 sets 
were submitted showing both tensile 
strength and Brinell hardness. These 
were on the following size bars: 


Bar A (0.875 in.) 145 

Bar B (1.20 in.) 982 

Bare (2.0 in.) 171 

3 to 10 in 46 


Other results were from bars cut from 
actual castings. 

The data for tensile strength and 
Brinell hardness for all tests are shown in 
Fig. 1, The area outlined by the heavy 
lines contains ail but eight of the results 
and will in the subsequent discussion be 
called the field. The eight results 
omitted were the four at the right which 
had extremely high manganese or molyb- 
denum and the two with Brinell hard- 
nesses of 86 to 89 which were from a very 
heavy casting that had been in service 


Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Chief Metallurgist, American Cast Iron ' Pipe Co., 
Birmingham, Ala. 
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over thirty years^ presumably under con- 
siderable stress. 


strength class (steps of 5000 psi.), the 
equation of best fit calculated from' the 


85 000 
80000 
75 000 
70 000 
. 65 000 
'1.60 000 
^-55 000 
ai 50 000 
£ 45000 
m 40 000 
^ 35 000 
'p 30 000 
I 25 000 
20 000 
15 000 
10 000 
5000 
O 


] 111 17 '13 23 14? 222 l!90 
2 2 lei 2 i 40 209 275 1 121 


92 


Correlotion Coefficient 
Field - 0794 

X = 111 “363 "0.793 

All Values "0782 
Averages Only "0.982 
T.S.= 1.82 (BHN) 
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30 


10 


17 


40 


38 


15 


35 


16 


67 


15 


24 


55 


13 


12 


31 


14 


Standard Error of Estimate 
( Parabola) 

Field 17.01 percent” 

X=m-363 17.26 percent' 

All Values 1770 per cent’ 

Averages Only 7.19 percent' 


341 


363 


'8'0|96i lit I 131 I 156 I 187 | 229 | 255 | 285 1 321 

89 103 121 143 170 207 . 241 269 302 

Brinell Hardness Numbers 

Fig, 1. — Data for Brinell Hardness-Tensile Strength Tests. 
1553 tests representing all companies. 


388 


85 000 
80 000 
75 000 
70000 
65 000 
E.S0 000 
55 000 
■&50 000 
S 45 0(X) 
05 40 000 
0) 35 000 
'p 30 000 
i 25 000 
20 000 
15 000 

to 000 

5 000 
0 


No.of 

Tests 


10 


22 


41 


36 


108 


179 


172 


298 


383 


185 



65 


28 


12 


5 




415 



80|9'6| 111 I 131 I 156 I 187 I 229 | 255 1 285 | 321 
89103 121 143 170 207 241 269 302 34l 

Brinell Hardness Numbers 

Fig. 2. — Statistical Anal 3 rsis of Data in Fig. 1. 

1553 tests representing all companies and all sizes of specimens. 


388 


The data in Fig. 1 are analyzed statis- 
tically in Fig. 2 which shows the field, the 
average values of both tensile strength 
and Brinell hardness for each tensile 


1553 individual values by least squares, 
and the standard error of estimate and 
the correlation coefficient using the aver- 
age value for each cell in Fig. 1 but 
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giving the cell its full weight according to 
the number of tests.^ The standard 
error and correlation coefficient are 
shown for the field; for all Brinell values 
from 111 to 363; for all values; and, for 
the class averages only (the black dots). 
The Navy Specifications, 46-1-5 C, are 
also indicated. Several other equations 
were tried: the best straight line equa- 
tion (least squares) 

Tensile strength, psi. (in thousands) — 
0.38 BHN - 44,6 

fits quite well from class 25 and above, 
but the standard error is 23.5 per cent 
and calculated tensile strengths are much 
too low in the lower range. 

The best hyperbola equation (least 
squares) 

Tensile strength, psi. (in thousands) 

46 (BHN) 

480 - (BHN) 

also fits well from class 25 on up, but 
gives tensile values too high in the lower 
groups. 


* The standard error of the estimate is a measure of the 
extent of the error in estimating ordinate values from 
given abscissa values by means of a fitted curve. The 
deviations of individual y values from the expected values 
were calculated as percentage deviations in order to permit 
comparison in the same units of the standard errors of 
several estimated curves and sets of data. 

o'est. (%) = ^ / y 1 

where: 

(crest *= standard error of estimate, 
y = individual ordinate values, 
y = predicted y value for a given x value, and 
N ~ number of values. 

Thus, aest serves as a measure of the dispersion of values 
about a central curve and consequently as a means of com- 
paring the goodness of fit of different curves for a given 
set of data. 

The correlation coefificient is a measure of the propor- 
tion of the variation in one variable which is associated 
with another variable. 

— Nxy 

^ V[S(a;2) - IS(2/2) - 

where: 

T = correlation coefficient, 

X and y ** individual values, 

X and y =» mean values, and 
N = number of pairs. 


The correlation coefficient, r, is a pure number which may 
vary between +1 and —1. Units mdicate perfect correla- 
tion, zero no correlation, and the sign shows the direction 
of the slope of the best straight line. 


TABLE I.-EXPECTED TENSILE STRENGTH 
CALCULATED FROM BRINELL 
HARDNESS NUilBER. 


Tensile Strength — 1.82 (BHM) for 
Gray Cast Iron 


Diameter, in. 

BHN 

Tensile Strength, 
psi. 

3.20 

363 

: 99 100 

3.30 

341 

i 88 200 

3.40 

321 

: 78 900 

3.50 

302 

70 SOO , 

3.60 

2S5 

63 300 

3.70.. 

269 

56 900 

3.S0 

255 

51 500 

3.90 

241 

46 400 

4.00 

229 

42 200 

4.10... 

217 

38 200 

4.20 

207 

35 000 

4.30 

197 

32 000 

4.40 

187 

29 OOO 

4.50 

179 

26 SOO 

4.60 

170 

24 300 

4.70 

163 

22 500 

4.80 

156 

1 20 800 

4.90 

149 

19 200 

5.00 

143 

17 500 

5.10 

137 

■ 16 300 

5.20 

131 

15 000 

5.30 

126 

14 OOO 

5.40 

121 

13 000 

5,50 

116 

i 12 OOO 

5.60 

Hi 

11 100 

5.70 

107 

10 300 

5.80 

103 

9 200 


TABLE II.— SUMMARY OF THE BRINELL 
HARDNESS-TENSILE STRENGTH DATA, 


e§ o 

*35 

S o* 

Brinell Hardness 
Number 

Average Tensile 
Strength 

Average Brinell 
Hardness Number 

Standard Deviation 
Brinell Hardness 
Number 

Standard Deviation,® 
per cent of average 
Brinell Hardness 
Number 

10 to 14.9. 

5 

13.1 

111 

21 

19 

15 to 15. 9 

12 

17.7 

153 

11 

7 

20 to 24. 9 

29 

22.6 

166 

10 

6 

25 to 29.9 

65 

27.9 

187 

16 

8 

30 to 34.9 

185 

33,1 

204 

12 

6 

35 to 39. 9 

383 

37.4 

216 

16 

7 

40 to 44.9 

297 

42.6 

230 

19 

8 

45 to 49. 9 

172 

47.0 

243 

27 

10 

50 to 54.9 

179 

52,3 

255 

33 

13 

55 to 59. 9 

108 

56.9 

262 

35 

13 

60 to 64. 9 

36 

62.3 

285 

33 

12 

65 to 69. 9 

41 

67.3 

286 

32 

n 

70 to 74.9 

22 

72.4 

302 

25 

8 

75 to 79.9...... 

10 

76.9 

294 

29 

10 

80 to 84. 9 

9 

82,5 

335 

19 

6 


® These deviations are in per cent of the average value 
of Brinell Hardness for each class as shown above. The 
deviations shown on Figs. 1 and 2 are strictly termed the 
Standard Error of the Estimate, and are in terms of 
per cent deviation of tensile strength values about the 
curve of best fit. 

Table I gives values for the tensile 
strength according to the parabola 

Tensile strength = 1.82 (BHN)^;®® 

calculated for each tenth of a millimeter 
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of diameter of impression from 3.2 to 

5.8. 


average of the Brineli and the tensile 

strength. 
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Brineli Hardness Numbers 

“Data for Brineli Hardness-Tensile Strength Tests on f-in. Bars. 


415 


145 tests. 


Table II shows the standard deviation 
of the Brineli hardness numbers, both in 
numbers and in per cent of the average 
for each class, together with the actual 


To illustrate the usefulness of the field, 
the data from the 1933 Report^ of Sub- 

» Froceedings, Am. Soc. Testing Mats., Vol. 33, Part 
I, p. 87 (1933). 
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committee XV on Impact Testing of 
A.S.T.M. Committee A-3 on Cast Iron 
are plotted in Fig. 3. All of the twenty 


cent phosphorus iron^ is on the bottom 
line. 'Since these are by far the most 
carefully obtained values available^ the 
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Fig. 5. — Data for Brinell Hardness-Tensile Strength Tests on 1.2-m. Bars. 

988 tests. 


415 



Fig. 6.— Data for Brinell Hardness-TensOe Strength Tests on 2-iii. Bars. 

171 tests. 

four irons, except the austenite iron X, confirmation of our present data is veiy 
are in the field— even the martensitic satisfying. 

iron: N which, together with the 2 per . There is no a priori reason to assume 
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tiiat the Brine! hardness number-tensile 
strength relation would change with 
section size, but the sizes were plotted 


2-in, bars, but this is not due to a section 
effect but to a large number of bars verg- 
ing on (if not actually in) the martensitic 
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Fig. 7. — Data for Brinell Hardness-Tensile Strength Tests on 3-in. and Larger Bars. 

46 tests. 
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Fig. 8. — ^Tests on Inoculated Irons from Cooper-Bessemer Corp. 

70 tests. 

separately to be sure. The results are condition and usually heavy in manga- 
shown in Figs. 4, 5, 6, and 7. There is nese or molybdenum, 
no difference to the eye (no calculations A study was made of the elements Ni, 
were made) V except in the case of the Cr, Cu, Mo, Mn, and P. Some hundred 
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heats of white irons were examined and 
all fell in the lower right of the diagram 
completely out of the field. Irons with 
over 2 per cent of copper, 3 per cent 
nickel, and 1 per cent phosphorus were 
invariably on the low side, unless well 
balanced or heavily inoculated. A study 
was made of inoculated and untreated 
irons. A strong tendency from inocula- 
tion toward the upper side of the diagram 
was noticeable—the results from one 


the low side for the untreated irons. 
(Their results are not a part of the data 

in Fig. 1.) 

Brinell Hardness Number -and - 
Bending Strength 

The author was also requested- to ex- 
amine the data for other correlation with 
Brinell hardness number, especially the 
transverse test. In the bars submitted, 
there were 1-023 bars with transverse as 
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Fig. 9.' — ^Tensile Strength versus Modulus of Rupture Data for the 1. 20-in. Bar in Detail with the 
Best Straight Line by Least Squares and the Standard Error Drawn in. 


foundry were especially good' and are 
shown in Fig. 8, though some other in- 
oculated irons were fairly close to the 
average for all groups. These were also 
low-phosphorus and low-alloy irons. 
Barlow and Lorig’s^ results when plotted 
on the field show on the high side for the 
graphitizing inoculant, down the middle 
for the stabilizing type, and decidedly on 

* Tom Barlow and C. H. Lorig, “Gray Cast Iron — 
Tcsnsile Strength, Brinell Hardness and Composition 
Relationships/'' Am. Fouf$drymanp Septemher, I94S. 


well as tensile strength and Brinell hard- 
ness data. 

These were in sizes as follows: 


Bar Dimensions 


Diameter, 

in. 

Span, in. 

j 

' Span-Depth | 
i Ratio 

i Tests 

0,875 

•12 

14 

81 

1.20 

18 

IS 

745 

2.0 

24 

12 

158 

3.0 

24 

8 

39 
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Since the tensile strength-Brinell hard- line, the standard error, and the correla- 
ness relation was already satisfactorily tion coefficient for each size using the 
established, it was only necessary to de- individual results, and for the average of 
termine the ratio of transverse strength all sizes using only the average transverse 
to either one, and the most convenient results for each tensile class. 



Fig. 10. — ^Tensile Strength versus Modulus of Rupture for All Sizes of Specimens. 


seemed to be the tensile strength, since 
the units could be expressed as unit stress 
in each case. Figure 9 shows the data for 
the 1.20-in. bar B in detail with the best 
straight line by least squares and the 
standard error drawn in. Figure 10 
shows the best straight lines for all sizes, 
from which it is obvious that the tensile 
strength increases faster per unit of 
transverse stress, the smaller the bar. 
The sudden change in slope from the 2 
to the 3-in. bars may be due to the 
smaller span-depth ratio of the 3-in. 
bar. 

The data on the different sizes may be 
summed up in the statistics shown in 
Table III, which gives the best straight 


TABLE III.— RELATION OF TENSILE TO 
TRANSVERSE STRENGTH. 
Equation, Tensile Strength ~ m X Modulus 
of Rupture ~ & 



Equation 

Stand” 

Correia- 

Size, in. 

i Constants 

ard 

tion Co- 



Error, 

efficient, 


m 


per cent 

, f 

0.875 

0.92 

21 200 

16.65 

0.804 

1.20.... 

0.83 

20 000 

15.80 

0.865 

2.0. 

0.79 

17 100 

15.42 

0.935 

3.0 

0.57 

4 too 

13.24 

0.946 

AH sizes, (averages).,. . 
Impact Report® 

0.79 

16 600 

10.69 

0.990 

0.56 

5 000 ! 

9.89 

0.975 


The data from the impact report are 
also included in the table. It should be 
remembered that the bars in the impact 
investigation were machined down from 
1.4 to 1.20-in. diameter. 
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Brinell Hardness and Sttfeness Figures 11 and 12 show these data (whicli 
The next relationship of interest was include the two specimens that are not 
that of hardness and stiffness. Since few really gray irons, X and N). The corre- 



2 6 10 14 18 22 


Elasticity- Ultimate 

Fig. 11. — Data for Brinell Hardness-Stiffness Tests, Ultimate Elasticity. 


J 



8 12 16 20 24 

Elasticity - Load 


Fig. 12.— Data for Brinell Hardness-Stiffness Tests, One-Half Load Elasticity. 

data on deflection were available, except lation is very good and the error small, 
at the breaking point, it seemed th^t the If X and N were omitted, the agreement 
tests from the impact report alone would would be much better; but since as-cast 
furnish a reasonably good approximation, bars could not be expected to be nearly 
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so consistent as these machined bars, 
they were retained for the present pur- 
pose. Elasticity was used in millions 
of pounds per square inch to simplify 
calculations. 


that the tensile-Brinell hardness ratio 
would also be an index of the toughness. 
The simple ratio tensile strength-Brin- 
ell hardness was tried on the impact, data 
with fairly good results, but it seemed 



Fig. 13. — Data for Brinell Hardness-Impact Tests, from A.S.T.M. 1933 Impact 
Report, Using Drop Test. 
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50 100 150 200 250 300 350 400 

(TS)V(BHfM)2 

-Data for Brinell Hardness-Impact Tests, from A.S.T.M. 1933 Impact 
Report, Using Pendulum Method. 


Brinell Ha'rbness and Impact 
Strength 

Since it has been shown that the re- 
sistance to shock is a function of the 
resilience, that is, the area below the 
stress-strain curve, it seemed probable 


more likely that some higher power of 
the tensile strength would be more logi- 
cal. The ordinary formula for trans- 
verse resilience {MW/E) suggested the 
square of the tensile strength divided by 
the Brinell hardness number, but this 
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seemed ' to overemplaasize strength as 
compared to stiffness and neglected the 
increased curvature of the stress-strain 
curve in the softer irons. An interme- 
diate stage of the cube of the tensile 
strength divided by' the square of the 


TABLE IV.— RELATION OF IMPACT PROPERTIES 
TO VARIOUS TENSILE STRENGTH-BRINELL 
HARDNESS NUMBER RATIOS. 

Data from the 1933 Impact Report. 

Drop Test— 1.20 diameter, 6-in. span, |-in. increment, 
2S-lb. hammer. 

Pendulum— Charpy type, 1.20 diameter, IS-in. span. 


Drop Test vs 

Equation 

Constants® 

Stand- 

ard 

Error, 

Correla- 

tion 

Coeffi- 


m 

b 

per cent 

cient 

Tens/BHN 

0.105 

6.7 

12.4 

0.929 

TensVBHN 

0.112 

4.4 

11.9 ! 

0.943 

TensVBHNs 

0.046 

6.0 

12.2 

0.949 

Pendulum Impact vs 
Tens/BHN 

0.305 

4.6 

24.17 

0.847 

TensVBHN 

0.629 

19.7 

19.15 

0.827 

TensVBIim.... 

0.265 

27.7 

20.17 

0.877 


« Equation: 

Drop (or Pendulum) Impact Strength = 
w (tens® BHNO + h 


TABLE V.— DROP TEST VERSUS TENSILE 
STRENGTH-BRINELL HARDNESS 
NUMBER RATIOS. 


Number of sets— B bars 59, C bars 54. 

Each set is the average of three tension tests and from 
six to ten drop tests. ^ i 

Equation— Drop Test = m (tens® BHN^') -f b. 


_ 

Equation 

Stand- 

Correia- 

Ratio 

Constants 

ard 

tion 

m 

b 

Error, 
per cent 

; 

Coeffi- 

cient 


Bar B: 1.20-in. diameter, 6- in. span, l-in. increment, 
25-lb. hammer 


X.SVBHN 

0.049 

0.294 

19.87 

0.535 

'J''§'2/‘RHN 

0.056 

4.43 

19.13 

0.602 

T'S VBHN2 

0.019 

5.99 

22.29 

0.401 



Bar C: 2.0-in. diameter, 12-in. span, 
50- lb. hammer 

l-in. increment^ 

T R /BHN 

0.0897 

0.015 

15.55 

0.643 

t's VRHN. 

0.1014 

8.81 

14.70 

0.674 

T’R'sV'RFrNi! . 

0,045 

10.38 

16.27 

0.602 



Brinell hardness number was therefore 
investigated and proved slightly better 
in correlation as shown in Table IV, but 
all of them showed fairly good correla- 
tion with both the drop test and the pen- 
dulum, though as would be expected, the 
drop test correlates better since it is 
nearer to the triangular resilience than 


the pendulum tesL , The results are 
plotted in Figs. 13 and 14, 

Drop test results from one foundry 
were available for 59 B bars and 54 C 
bars which were analyzed, with, the re- 
sults shown in Table These data 
compare very poorly with the results 
from the impact report,® but the bars 
were not machined; thus, the condition 
of the surface is a highly important factor 
in the drop test but does not affect the 
tensile strength or Brinell hardness at all. 
In both sets, the sc|uare of the tensile 
strength divided by the Brinell hardness 
number is a better correlation than the 
other ratios. 

■ The height of drop varied from S to IS 
in. on the B bars, and from 8 to 20 in. on 
the C bars. (The abscissa units are 
actually correct only for the T.S./BHN 
ratio. T.S.VBHN units are multiplied 
by 10“^ and the T.S.VBHN^ units are ■ 
multiplied by 10“^.) 

The charts for T.S.®/BHN^ ^ are 
shown in Figs. 15 and 16. Assuming 
that this is the best ratio when the same 
metal is being tested (as in the 1933 Re- 
port®) then the correlation coeiScients 
show that the drop test is affected by 
other factors than the tensile strength 
and Brinell hardness of the metal some 
I to I in. under the skin. The extent 
of this is statistically the difference 
between unity and the square of the cor- 
relation coefficient: in the case of the 1.20 
bars: 

1 - (0.4)2 0.84 

and for the 2-in. bars 

I ™ ( 0 . 6)2 0.64 

That is, 84 per cent and 64 per cent, 
respectively, of the variation in impact, 
strength is due to factors other than ten- 
sile strength and Brinell ha.rdness. In 
spite of the rather unsatisfactory results 
of this study on impact, it is quite clear 
that with a given tensile strength we may 
expect more toughness from the lower 
hardness numbers, or to revert to Fig, 1, 
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the toRghirons are on the left of the field, transverse bar; some read ha¥ way be- 
No M-resist irons were included except tween edge and center on the ground end 
in Fig, 3 (iron X), but some half-dozen at the fracture; . one took readings at 
sets ranging from 18,000 to 30,000 psi. center half way, and edge and averaged 
tensile strength were checked' and are ail these; while several used the tension 



(TS)V(BHN)^ 

Fig. 15.— Chart for Drop Tests Using 1.2-in. Bar A, for Ratio (T.S.)V(BHN)2. 



(TS)V(BHN)^ 

Fig. 16. — Chart for Drop Tests Using 2-in. Bar A, for Ratio (T,S.)y(BHN)2. 

outside of and to the left of the field and specimen after fracture, grinding off the 
they are all very tough. threads for a fl[at sufficient for the im- 

One reason for the scatter of the tensile pression. Since these latter were in the 

strength-Brinell hardness data is that majority and it is perhaps the simplest 
there was no uniformity in the place the and easiest method, the author would 
readings were taken. Some laboratory suggest that this method be standardized 
workers ground a flat on the side of the by Committee A-3. 



DISCUSSION 


Mr. S. C. Massari.^ — ^The author is 
to be complimented on the very excellent 
mode of presentation of the large amount 
of data covered by this paper, which, as 
a consequence, offers little opportunity 
for discussion. 

In th^ opening paragraph, the state- 
ment is made that minimum tensile 
strength and maximum value for Brinell 
hardness in specification is a simple, 
convenient, and reasonable method of 
obtaining desirable machinabiiity with- 
out using the dubious alternative of 
putting a maximum on the strength. It 
would appear that there are cases in 
which maximum strength may also be of 
importance, as for example, in designing 
a group of components, should one of the 
components be intended to fail before 
the others, either for economic reasons or 
ease of replacement. Similarly, damp- 
ing capacity is closely related to graphite 
size, and distribution may not be pro- 
tected by such a specification. Superfi- 
cial hardness may not in itself be a 
reliable index of machinabiiity. 

It is believed that the excellent statis- 
tical analysis of the data involved would 
have been further enhanced had at least 
typical methods of computation been 
included to aid those not so thoroughly 
versed in these methods. 

It is unfortunate that full agreement on 
the location for Brinell hardness measure- 
ments had not been established at the 
beginning of this investigation, as it is 
quite likely that the relations would have 
been in even closer agreement. Simi- 


larly, in the case of the very large tension 
test bars, no mention is made of the size 
of the machined bar nor mention of the 
exact location in the section of the casting 
from which certain bars were cut. The 
inclusion of this information would prove 
interesting. 

Mr. R. G. McElwee.^— I should like 
to add my own comment that 1 think 
what Mr. Massari had in mind in select- 
ing an iron of considerable section sensi- 
tivity was that there might have been a 
considerable spread of Brinell hardness 
in the bar itself. In other wordSj if a 
specimen were taken from the side 
rather than the center of a large bar, 
it may have had a Brinell hardness of 
one value on one side and another on the 
other which may be a little misleading. 

While I was unable to supply any bars 
to Mr. MacKenzie for this investigation, 
I did discuss it with Mm. It was our 
experience also that inoculated bars did 
have a relatively high strength-hardness 
ratio. In fact, we discussed some in 
which that ratio was in the neighborhood 
of 250 which was our measure of the 
virtue of the iron. That is also true of 
alloyed bars in which inoculation fol- 
lowed the alloy. 

Mr. J.- S. Vanick.® — looked over 
some of the diagrams that Mr, MacKen- 
zie has drawn up, particularly from the 
standpoint of the original problem of 
studying the spread in hardness for any 
specific tensile strength range. While 
the author’s statistical analysis covers 


2 Manager, Foundry Alloy Biv., Vanadium Corpora- 
tion of America, Detroit, Mich. 

« Metallurgist, The Internationa! Nickel Co., Inc,, 
New York, N.y. 


2 , Technical Director, Am. 
Chicago, IE. ■ 
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the ground^ very thoroughly, I thought I 
should find something of a practical 
nature for outlining a hardness specifica- 
tion. Figure 4, shows that for irons 
possessing 30,000 to 60,000 psi. tensile 
strength, practically all of them fall’ 
within a spread of one hundred units 
Brinell on the block diagrams. In the 
case of the |-in. diameter bar, 90 per cent 
of the tests would fall within a 40 point 
Brinell hardness spread for any specific 
tensile strength in the Nos. 30, 40, and 
50 classes of iron (A.S.T.M. Specifica- 
tions A-48).^ 

On the 1.2-in, bar of Fig. 5, something 
like 80 per cent of the hardness values 
fall within a 50 point hardness spread. 
Of the remaining 20 per cent, 5 percent 
are on the soft side and 15 per cent are on 
the hard side. These results mean to 
me that foundrymen are quite conscious 
of the need to reduce what might become 
a scrap loss due to hardness values that 
are out of bounds. It should not be too 
difficult to improve foundry control to 
the extent of getting the hardness for a 
35,000 psi. tensile strength iron iriside 
the brackets of a 50 point Brinell hard- 
ness spread, as, for example, a minimum 
of 180 and a maximum of 230. 

The other point that occurred to me 
from what Mr. MacKenzie has also em- 
phasized, is that as the sections grow 
larger, the hardness values for any tensile 
strength spread wider. That means 
more work for us in the foundry in study- 
ing the causes for such dispersions. 

Mr. J. E, Hixrst^ (by leUer).—The 
paper ■ by Mr. MacKenzie, as far as 


my knowledge goes, is the first study 
of this sort to be published in con- 
nection witli cast iron. The statis- 
tical treatment indicates a definite cor- 
relation between the Brinell hardness 
aiid the tensile strength in cast iron. It 
is not clear to me that this relationship 
will provide a method in which the 
Brinell hardness can be used as an 
indication of the strength of cast iron 
as is often done in the case of steel. 
The difficulties involved in obtaining 
sufficiently accurate Brinell hardness 
figures for cast iron, in my view, preclude 
the use of this method in this connection. 
This appears to be recognized, as one 
reason that is advanced for the scatter 
of the tensile strength-hardness data lies 
in the fact that there is no uniformity 
in the place the hardness readings were 
taken. 

However, this difficulty would be in a 
large measure removed if it were possible 
to standardize some method of taking 
Brinell readings, and I think your 
suggestion that action be taken in this 
direction should be supported. 

In my opinion this very detailed 
study is very useful and definitely worth- 
while. 

Mr. J. T. Mackenzie (author ). — 
Mr. Massari made a point that interested 
me. I must confess I never thought of 
making a weak part that would break 
before something else would. In regard 
to the point raised by Mr. Vanick, 
we have to standardize for the particu- 
lar purpose of specification and anybody 
who wants a surface hardness could not 
get it with the Brinell instrument 
anyhow because a flat must be ground. 


« 1944 Book of A.S.T,M. Standards. Part I, p. 634 
6 Doctor of Metallurgy, Ashleigk, England. 



COMPRESSIVE STRESS-STRAM PROPERTIES 
OF SOME AIRCRAFT MATERIALS* 

By P. E. Sanborpi'^ Am R. K. Dixio# 


Synopsis 

A comprehensive investigation was made to establish compression stress- 
strain data ‘ and tangent-modulus versus stress data for the commonly used 
aircraft materials. The test fixtures and extensometer equipment developed 
for this work are rugged, accurate, and rapid in operation. Their construc- 
tion and use are described, and methods of analyzing and presenting the 
data are discussed. Curves are presented which show the stress-strain 
characteristics for materials as tested as well as for those which would have 
specified minimum strength properties. 


Each different structural material, 
which is made according to certain speci- 
fications regarding composition, manu- 
facturing and processing, is recognized 
as having a particular set of mechanical 
properties (tensile strength, tensile and 
compressive yield stress, modulus, elon- 
gation, etc .) . While any variation in the 
manufacture or treatment of the material 
may affect the mechanical properties, the 
specifications and manufacturing prac- 
tices restrict such variations to a small 
range for any one material. By statisti- 
cal study this range has been explored 
for commonly used materials, and mini- 
mum values acceptable under a given 
specification have been determined. 
Such “specified minimum properties” 
are tabulated in ANC-5 (l).^ 

Engineering design and research re- 
quirements also include complete defini- 
tion of the stress-strain curves of the 
structural materials. The stress-strain 
curves, similar to the other mechanical 

* Presented at the Forty-ninth Annual Meeting of the 

Society, June 24-28, 1946. , , , . . , 

1 Structures Research Laboratory, Lockheed Aircraft 
Corp., Burbank, Calif. 

* The boldface numbers in parentheses refer to the ref- 
erences appended to this paper, see p, 1051. 


properties, vary among different speci- 
mens of a particular material. Repre- 
sentative cjirves conforming to the 
specified minimum properties are desired. 
The needs are particularly strong with 
regard to the compressive stress-strain 
properties, and to that end this investi- 
gation was directed. 

To accomplish this purpose, it was 
first necessary to develop methods and 
equipment by which uniformly accurate 
test data on the shape of the compressive 
stress-strain curve could be obtained 
speedily and economically. Secondly, a 
reasonable method of sampling was 
established and a coordinated series of 
tests was made, so that for each subject 
material of a particular designation 
several independent sets of test data were 
obtained. This gave an indication of the 
scatter band. Finally, for each material, 
each set of stress-strain data was scaled 
down to conform to the specified proper- 
ties by afl&ne transformation, and an 
average curve was drawn. 

The results were also presented as 
curves of tangent-modulus versus stress 
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for the specified minimum properties. 
Each of these was then expanded into a 
family of curves to show the variations 
which may occur within a particular 
material as a function of the yield 
strength. The presentation assumes that 
a linear affine relationship exists only 
between all stress-strain curves of a 
particular material designation. 

Scope of Investigation and 
Selection of Specimens 

The investigation was intended to fill 
the need for information as it became 
evident. The test work was begun in 
1943, and to date about eighty different 
materials have been investigated. These 
include aluminum, magnesium, and steel 



Fig. 1. — Compression Coupon Test Fixture. 


alloys, in sheet, plate, extrusion, billet, 
etc., with-grain and across-grain and 
with various heat treatments. 

In a few of these cases no more than 
two specimens were prepared and tested, 
the extent of the study being determined 
by practical considerations. For the 
most part, particularly in sheet materials, 
four to six coupons were obtained. These 
were cut from different gage material, 
from different locations, from different 
piill stock, etc., to obtain as much vari- 


ation as was reasonably possible under 
the specifications established by each 
material designation. 

Specimens cut from sheet stock were of 
the single-thickness coupon type and 
were tested in the fixture described below. 
Specimens cut from- plate, extrusion, 
casting, etc., were usually made similar 
to the sheet stock coupons, the thickness 
being chosen as convenient for the in- 
vestigation with additional smooth ma- 
chined surfaces if required. Some speci- 
mens were made circular in section for 
simplicity of machining, or of section 
identical with the original extrusion or 
bar; these were designed for flat-end load- 
ing between the platens of the test 
machine with no additional support. 

The determination of the stress-strain 
curves was extended much further into 
the plastic region than is generally done 
in such tests. . In many laboratories the 
0.2 per cent offset yield point is regarded 
as the practical outer limit to the plastic 
range. While the first portion of the 
curve is the most important, the range 
of interest is much broader. Extreme 
fiber strains in most aircraft structural 
elements will greatly exceed the yield 
point before failure. Some structural 
studies require accurate definition of the 
plastic range in compression to at least 
0.5 per cent offset, and it appears reason- 
able to demand that the data, in any 
case, be complete enough to plot a 
tangent-modulus column curve to a 
slenderness ratio of 10. 

Test Methods and Equipment 

Until recently, accurate compressive 
stress-strain data of the type desired 
were difficult and costly to obtain. 
This was particularly true of thin sheet 
materials, which in the present instance 
were of major interest. Significant ad- 
vancements in methods and equipment, 
which may be traced in recent literature, 
( 2 - 12 ) have largely overcome these diffi- 
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culties. ' Many of the referenced items 
strongly influenced the designs described 
below. 

Ccmpression Coupon Test Fixture: 

The test apparatus used for thin sheet 
coupons provides restraint against lateral 
buckling by means of hardened and 
smooth-ground steel platens, which bear 
against the faces of the coupon through a 
thin film of lubricant. This method is 
similar to that developed at the Bureau 
of Standards (ll) and used widely in the 


lateral guides are located with consider- 
able rigidity. With the latter arrange- 
ment the strain at which local buckling 
occurs and the wavelength of the local 
buckl’ng depends (exclusive of coupon 
properties) on the gap or film thickness of 
lubricant remaining between the restrain- 
ing guides and the surfaces of the speci- 
men— usually a matter of tenths of 
thousandths of an inch— and this gap 
must be adjusted by ^‘feel’^ The gap is 
also reduced by lateral expansion of the 
specimen as plastic ’deformation becomes 



Fig, 2. — Compression Coupon Test Fixture Disassembled. 


industry. In the design of the Lockheed 
equipment attention was given to ease 
of handling, accessibility for mounting 
the extensometer, provision for applying 
any desired lateral restraining pressure to 
the faces of the coupon, and flexibility in 
accommodating various size specimens. 

The test fixture and its constructional 
details are shown in Figs. 1 and 2. 
Essentially a soft spring is used to apply 
a lateral restraining pressure to the 
coupon, similar in principle to Van den 
Broek’s arrangement (9). This con- 
trasts with the arrangement used by 
Miller (ll) and others, (6, 8, 10) in which 


appreciable, and the frictional errors may 
then increase. The control of lateral 
restraining pressure, on the other hand, 
is a relatively easy matter and insures 
trouble-free exploration far into the 
plastic range. The buckling strain in 
this case depends on the pressure applied 
normal to the surfaces and on the spring 
constant. A reasonable combination is 
readily found; for example, with the 
equipment described a confining load 
of 75 lb. on a coupon 0.064 by | by 3 in. 
of 24S-T86 material will permit determi- 
natiop of the stress-strain curve to 0.016 
compressive strain. Under this pressure 
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and with proper lubricant the frictional being superior to aU others tried, exc^t 
error is less than 2 lb. Choice of lubri- possibly a specially developed paraffin 
cant is important, a heavy fiber grease and oil combination. 

such as that recommended by Miller (ll) The test fixture finds universal applica- 



Fig. 3. — ^Lockheed Extensometer (Averaging Type) Mounted on 1 by 2 
by 4-in. Compression Specimen. 
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tion in that a variety of sizes and shapes 
of anvils and platens are readily made, to 
provide necessary lateral restraint not 
only to any size flat coupon but also, for 
example, to the flat elements of hat 
sections or stiffener shapes. Coupons of 
thickness from 0.010 to 0.312 in. have 
been tested with equal success. 

Lockheed Extensometer: 

The extensometer unit used for these 
tests is of a special construction designed 
to be used with the Templimtype auto- 
matic recording equipment (l3). This 
equipment is available with Southwark- 
Emery testing machines. 

The Templin- equipment, with the 
standard extensometer units, is a highly 
satisfactory instrument, being rugged, 
fast in operation, easy to use and flexible 
in application, and producing data of 
excellent accuracy for ordinary purposes. 
In skilled hands the accuracy and consist- 
ency of the results are sometimes sur- 
prisingly good (7). For the purposes of 
the tests at hand, however, it was practi- 
cable to build a high precision extensom- 
eter unit differing in detail but using 
the same automatic indicating principles 
as the standard unit. 

Two versions of the new unit are illus- 
trated in Figs. 3 and 4. Essentially, the 
extensometer unit comprises two yokes or 
carriages, in each of which a pair of 
hardened steel gage points is rigidly 
mounted. The carriages are positioned 
with respect to each other so that as the 
specimen strains, their relative displace- 
ment can be measured by a precision- 
lapped micrometer screw. This screw is 
driven through a flexible shaft by the 
selsyn motor of the standard Templin 
equipment, and it follows the deforma- 
tion automatically by making and break- 
ing the same electrical circuit. Flowever, 
the gap at the contact is magnified by a 
lever arrangement, greatly increasing 
the sensitivity yet preserving “null- 
point^’ indication. 


High accuracy is obtained because, 
first, any small unevenness in stress over 
the specimen section is averaged out, 
Secondly, the carriage suspensions are so 
arranged that as the specimen strains, 
pure translational motion occurs with a 
minimum of friction. Therefore, gage- 
point loads remain low and deformation 
of the extensometer members is negligi- 
ble. Finally, the size and direction of 
the loads on the gage points remain 
virtually unchanged regardless of the 
extent of the deflection. 

The extensometer shown in Fig. 3 was 
designed primarily to be mounted; on the 
edges of thin sheet compression coupons. 
There is therefore only one degree of 
freedom which must be restrained in each 
carriage: that of rotation about the axis 
of the gage points which it carries. This 
restraint is achieved by cantilever mem- 
bers which extend to the other carriage, 
where they may slide on a ball seat which 
positions them accurately against the 
undesired rotation. Any additional con- 
straints are unnecessary and may intro- 
duce binding and excessive gage- point 
loads. 

The extensometer shown in Fig. 4 is an 
earlier design with which a large portion 
of the compressive stress-strain data was 
obtained. It was made primarily for 
tension coupon tests and the system of 
• cantilever restraining members was 
designed to permit only pure translation 
of the carriage, regardless of restraints 
introduced at the gage points. There- 
fore, when used on the edges of compres- 
sion coupons, it is not a true “averaging” 
type extensometer; however, the draw- 
back can be compensated by controlling 
other features of the test arrangement 
more accurately. 

The sensitivity of these extensometer 
units, when used over a 2-in. gage length, 
is about ±0.00003 units of strain; the 
accuracy, for the same gage length, is 
about ±0.00010 units of stram. Their 



1044 


Sandorff and Dillon 


on the specimen through destruction^ 
providing a complete record up to 

fracture. 

Test Procedure: 

Tests were conducted in a Southwark- 
Emery hydraulically actuated testing 
machine. Thin-stock coupons were 
smooth-machined square and parallel to 
I in. and either 3.10 or 4.12 in. long. 
The shorter length is necessary in high- 
strength specimens because of the possi- 
bility of column action occurring in the 
plane of the sheet. The faces of each 
coupon were hand polished with oil and 
crocus cloth held on a flat surface, then 
cleaned and coated heavily with lubricant 
before inserting in the coupon test fixture. 
The extensometer was positioned by eye, 
the complete test arrangement appearing 
as in Fig. 5. Rate of straining was held 
constant throughout each test at about 
0.006 strain per minute by simply closing 
the outflow valve and leaving the inflow 
valve undisturbed at a setting de- 
termined by previous experiment. 



Fig. 6. — Sample Compressive Load-Strain Diagrams Obtained with Lockheed Extensometer and 
Thin Sheet Coupon Testing Apparatus, Recorded Automatically with Templin Equipment. 


ruggedness and dependability are testi- 
fied by the fact that the instrument 
shown in Fig. 4 is now in its fourth year 



Fig. 5. — ^Test Arrangement for Thin Sheet 
Coupon. 

of continual service. It has been used 
for all types of tests: tension and com- 
pression, joint specimens of all descrip- 
tion, over gage lengths of from 1 to 30 
in., and even in extreme temperature 
tests. In many tests it remains mounted 
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Specimens of large stable section were 
simply placed between parallel test 
platens. In any case the type of data 
obtained was ' similar. A photograph 
showing the type of recordings obtained 
is presented in Fig. 6, with explanatory 
notes added. Curves are shown for 
0.010 gage aged and unaged 24S-T alloy, 
as well as some heavier materials; high 
values of strain were obtained before 


offset compressive yield stress-are used as 
a basis in establishing the corresponding 
compressive stress-strain curves. 

For aluminum alloys the proportional 
limit is seldom specified. The method of 
reduction used is therefore in accord with 
the other properties and with the shape 
of the test curve. The test proportional 
limit is then reduced in the same ratio as 
the compressive yield stress. 



Fig. 7. — Magnesium Alloy Compression Coupon Showing Lueder’s Lines Formation after Testing. 


buckling or lateral bowing interfered 
with the test data. Of interest is the 
type of data obtained for some mag- 
nesium alloys which show marked 
Lueder’s lines formations at the com- 
pression yield stress. This phenomenon 
is previously noted by Moore and 
McDonald (l4). Figure 7 shows a 
photograph of such a coupon after test, 
the regularly spaced Lueder^s lines being 
evident over the full length of the coupon. 

Analysis OF Test Data 
Specified Minimum Properties: 

ANC-5 (l) specifies certain minimum 
values of the mechanical properties of 
various materials, for design purposes. 
The modulus of elasticity and the 0.002 


The yield strain, corresponding to the 
specified compressive yield stress, is used 
in the analysis of test data and may be 
calculated as follows: 

jP 

= -^ + 0.002 

E 

where: 

ey = specified yield strain in inches 
per inch, 

Fy = specified yield stress in pounds 
per square inch, 

E == modulus of elasticity, and 
0.002 — permanent strain corresponding 
to 0.2 per cent offset yield 
point. 

Affiue Transformation of T est Curve: 

To reduce the test stress-strain curve 
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so that the shape is preserved while the 
properties correspond to specified modu- 
lus and yield strength, an affine trans- 



Fig. 8. — Construction to Obtain Reduced 
Stress-Strain Curve from Test Curve. 


formation is used. Similar mathematical 
methods have been applied previously 
to all aluminum alloys as one class or to 
all S.A.E. X4130 steel alloys as one 
class (l5), and to express stress-strain 
curves mathematically (l6, 12). 

In making an affine transformation it 
is assumed that one curve may be ob- 


tained from another by applying a 
constant scale factor to each coordinate. 
Thus if a curve is defined by the series of 
points (xi, yi), (^^ 2 , ^ 2 ); etc., and the 
chosen scale factors and Jr® and Ky^ the 
points defining the second curve would be 
{Kis Xij Kyyi) } {,KxX 2 j y etc. 

The construction is illustrated in Fig. 
8. The specified minimum yield point 
is given by the yield stress Fy and the 
yield strain ey. Through this point a 
secant is drawn, intersecting the test 
curve at the point (/', e'). In the usual 
case, the modulus of elasticity of the 
test curve is practically identical to the 
specified value, and the point (f', e^) lies 
above the 0.2 per cent offset yield stress 
of the test curve. The ratios of the 
values /' and e* to the coordinates of the 
specified minimum yield point determine 
the scale factors for the transformation. 

The constant scale factor for the stress 
values is: 




LOCKIl 


Fig. 9. — ^Use of the Tangeut Meter. 
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and the constant scale factor for strain portion of the test curve is equal to the 
values is specified modulus of elasticity. Devi- 

ations of the recorded moduli are usually 
^ ^ less than ±2 per cent and are probably 

due to testing technique and instru- 



Fig. 10—Compressive Stress-Strain Curves for 24S Alclad AN-A-13 Sheet Materials. 

S]^ecij5eci minimum values correspond to ANC-S revision of October, 1943, except for 24S-T6, S per cent alclad, for which 
a minimum value used by Lockheed Aircraft Corp. is shown. For each case, the typical curve represents an average of 
the several tests. Gages 0.032, 0.040, and 0.051 tested for 10 per cent alclad material: 0.064, 0.071, 0.081, and 0.102 for 5 
per cent alclad material. All tests were run in May, 1944, on material manufactured by the Aluminum Company of 
America. 

24S-T0 — 24S-T AN-A-13 heat-treated by user, no pre-stretch 
24S-T6 = 24S-RT AN-A-13 


By application of the scale factors to a 
sufficient number of points on the test 
curve, the reduced curve is accurately 
defined. 

The scale factors K/ and Ke are equal 
to each other if the initial or straight line 


mentation (I7). In this event the devi- 
ation may not be constant over the 
entire plastic range. The good agree- 
ment among reduced test data from 
different specimens of the same material 
indicates that such errors are smalL 
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Curves of Stress versus Strain: 

In reducing test data such as shown in 
Fig. 6 to obtain the stress-strain curve for 
specified minimum properties, the con- 
version from load to stress is included in 
the scale factor Z/. Reduced points 
obtained from all different specimens of 
the same material are plotted on one 
figure, and through these points a mean 
curve is drawn. Stress-strain curves, 


This device consists of a Incite block 
upon which a fine line of short length (in 
this case about one-eighth inch long) is 
scribed parallel to one edge. Another 
index mark is scribed perpendicular to 
and crossing the first line at its center. 
To use the instrument, the short line is 
superimposed on the stress-strain curve 
so that it appears to replace a portion of 
the curve. The slope of the edge of the 



Fig. 11. — ^Tangent Modulus versus Compressive Stress Curves for Alclad 24S Sheet Materials. 
^‘Specified mmimum” curves are determined from stress-strain curves. 

“Typical” curves are obtained by expanding “specified-minimum’ ' abscissae in ratio of average test yield stress to 
specified minimum. — this corresponds to linear affine expansion of stress-strain curves. 


and the points from which they were 
drawn, are presented in the accompany- 
ing figures for several of the materials 
investigated. 

Tangent Modulus versus Stress Curves: 

Tangent modulus versus compressive 
stress data were obtained from the 
reduced stress-strain curves by means of 
the tangent meter shown in Fig. 9. 


block is the tangent modulus at the stress 
indicated by the index mark. The 
values so determined are only approxi- 
mate, but the accuracy and agreement 
between repeated readings are much 
better than those obtained by other 
graphical methods, mirror devices, or 
even analytical methods (which involve 
reading points off the curve) . 

The tangent modulus-stress data for 
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various materials are also presented in 
Figs. lOy II 3 I 2 , and 13. These curves 
may be expanded or reduced by simply 
multiplying the given abscissae by the 
ratio of the yield stress of the desired 
■curve to the given yield stress. This 


tangent modulus mtsus stress and trans- 
formed, by application of the ratio of 
yield strengths, to define the curve for 
specified minimum properties. The 
points so obtained were found to agree 
to within less than one per cent with the 



Fig. 14.“™-Compressive Stress-Strain and Tangent-Modulus Curves for 7SS-T Alclad Sheet. 
Test values— points shown were taken directly from automatically recorded load-strain curves in May and June, 1944. 


operation corresponds to a linear-afiSne 
transformation of the stress-strain curve. 

As a check on the accuracy of the 
entire process, tangent versus load values 
were determined for one set of data 
directly from the test load-strain curve. 
These data were then converted to 


tangent modulus curve determined for 
the mean, reduced stress-strain curve. 

Special Case of Alclad Sheet {Fig. 14): 

Clad aluminum alloys present a special 
problem. The common 10 per cent 
alclad coating, for instance, may be 
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considered as approximately a 2S alloy 
having an initial elastic modulus of iO.O 
X 10® psi. and a proportional limit of 
3000 or 4000 psi. The basic alloy may 
be 24S"Tj which has an initial modulus of 
10.6 X 10® psi. and a proportional limit 
of '25j000 psi. Simple summation of the 
action of the two materials indicates the 
behavior of the clad alloy under direct 
compression: the composite material has 
an initial modulus of 10.55 X 10® psi. 
which holds true to the proportional 
limit of the cladding. A plot of the 
tangent modulus versus stress curve 
would show at this point a sudden drop, 
then an asymptotic approach to the value 
of 9.55 X 10® psi. — the elastic rigidity 
contributed by the base alloy alone (90 
per cent of 10.6 X 10® psi.). The shape 
of this portion of the tangent modulus 
versus stress curve would reflect to tenth 
scale the shape of the curve for the 
cladding material alone. Under increas- 
ing compression the effect of the cladding 
would become negligible at about 15,000 
psi. and the material would then appear 
to behave just as the base alloy alone, 
allowing for the fact that only 90 per 
cent of the gross area is active. 

The exact effects are difficult to de- 
termine by test, and they vary consider- 
ably with processing. To simplify 
analysis, it was assumed that for alclad 
(2S clad) materials, the primary modulus 
applied up to 10,000 psi., at which point 
the stress-strain curve breaks sharply 


into the secondary modulus. The yield 
strain may then be calculated as 

+ 0.002 

iSp JSs 

where: 

fvc = yield stress of cladding (assumed 
10,000 psL), 

Ep = primary modulus of elasticity, and 
Es = secondary modulus of elasticity. 

The determination oiKf and Ke and the 
remainder of the presentation is 
unchanged. 

Conclusions 

Compressive stress-strain and tangent- 
modulus versus stress curves conforming 
to minimum specified properties have 
been presented for materials commonly 
used in aircraft structure. The shape of 
each curve is established by test data 
from several representative samples. 

The equipment and methods employed 
in this investigation constitute a practical 
and economical means of obtaining com- 
plete and accurate compressive stress- 
strain data for both thin-sheet and stable 
sections. 
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EVALUATION OF THE FORMING PROPERTIES IN BENDING OF FIVE 
COMMERCIAL SHEET ALUMINUM ALLOYS* 

By G. R. Gohn^ and S. M. Arnold^ 


Synopsis 

This paper describes two methods of test developed for evaluating the 
forming characteristics in bending of sheet and strip metals, one by means 
of a punch and die setup, the other by means of a bending brake. Mini- 
mum safe forming radii are given for forming 90-deg. bends in five com- 
mercial aluminum alloys in sheet form, varying in thickness from 0.012 to 
0.128 in. These alloys include 2S-|H, 3S-|H, 24S-0, 24S-T, 52S-iH, 
52S--2H and 61S-T. The data include minimum radii suitable for forming 
90-deg. bends in these materials on punch-press setups and on bending 
brakes. 


In the manufacture of telephone 
apparatus, many contact springs and 
structural parts are used which have 
been formed from thin sheets of non- 
ferrous metal in a series of blanking, 
punching, and forming operations. 
When the number of parts involved is 
large, the work is generally done on 
punch and die setups; when the number 
of parts involved is small, the work may 
be done^on shears and bending brakes. 
Parts bent over too sharp a radius will 
crack, and parts bent over too large a 
radius may require excessive space. 
Hence it is desirable, from a design and 
manufacturing standpoint, to have data 
available relative to the minimum form- 
ing properties of the various sheet 
metals in the range of thicknesses and 
tempers frequently used. These may 
vary from 0.012 to f in. in thickness and 
from full anneal to spring temper. 

Considerable data on the punch-press 
forming properties of brass, phosphor 
bronze, and nickel-silver strip, as well 
as a limited amount of data on some of 
the other copper-base alloys and on some 


aluminum alloys in sheet form are given 
in a paper by Gohn.^ Additional data 
on some of these same alloys may be 
found in a paper by Straw, Heifrick, 
and Fischrupp,^ While there are, at 
the present time, no suitable data avail- 
able on the brake-forming characteristics 
of thin sheet metal, the authors have 
been informed that reports covering 
fundamental studies in this field have 
been issued by the National Research 
Committee of the Office of Scientific 
Research and Development, War Metal- 
lurgy Division, These reports, how- 
ever, had not been declassified at the 
time this paper was prepared and hence 
the authors have had no opportunity 
to review the technical data contained 
therein. 

In recent years, with the increase in 
the amount of war work, there has been 
a marked increase in the number of 
formed aluminum parts used in the 
manufacture of chasses, cabinets, and 
other structural parts where thequan- 

a G. R. Gohn, **The Forming Properties of Some Non- 
Ferrous Sheet Metals,’* Proceedings^ Am, Soc. Testing 
Mats., Vol. 36, Part II, p. 207 (1936). 

* W. A. Straw, M. D. Helfrick, and C. R. Fischrupp, 
“Forming Pro|>erties of Thin Sheets of Some Non-Ferrous 
Metals,*’ Transactions, Am. Inst. Mining and Metallurgi- 
cal Engrs., Inst. Metals Div., p, 317 (1931). 


^ Presented at the Forty-ninth Annual Meeting of the 
Society. June 24-28, 1946. 

1 Members of Technical Staff, Bell Telephone Labora- 
tories, Inc., New York, N. Y. 
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titles have beea small. While some of 
this work was done on punch and die 
setups, much of the work, because of the 
limited number of parts involved, was 
done by hand or on bending brakes. 
Consequently a need arose for more 
complete forming data on the commonly 
used aluminum alloys, particularly as 
applied to bending brakes. There was 
also some evidence that the forming 
characteristics of aluminum alloys, as 
now roUed, differed from those as de- 
termined in 1936. Therefore the punch- 
press forming studies were repeated on 
some of the aluminum alloys and the 
results of these tests were compared 
with the results of the brake-forming 
tests. 

Testing Program 

The materials included in this investi- 
gation were commercial 2S“iH, 3S- 
tH, 24S-0, 24S-T, S2S-|H, 52S-|H, 
and 61S-T, obtained from the White- 
head Metal Products Co. of New York, 
N. Y. The 17S alloy listed in the 
previous study^ was not included in 
this study because it has been largely 
replaced by the stronger 24S alloy of 
somewhat similar composition. The 
newer 7SS alloy was not included be- 
cause, at the time these tests were 
made, this material was not available, 
its use being restricted to aircraft 
applications. The materials tested 
ranged in thickness from 0.012 to 0.128 
in. 

Methods OR Test 

The test specimens used in this study 
were | by 3-in. sheared specimens 
taken parallel, at 45 deg., and at 90 
deg. to the direction of rolling, from 
sheets of each of the five aluminum 
alloys. In the case of the heavier 
thicknesses, it was necessary to miU 
the 3-in. edges of the specimens to ob- 
tain samples sufficiently free from shear- 


ing stresses to permit a true evaluation 
of the basic forming characteristics. 

In determining the punch-press form- 
ing characteristics, a series of 90-deg, 
punches (Fig. 1) ■ having sharp, 

1 3 1 3 i i„, 3 ■ ^ L 

32? 64? 16?- 32? - 8 ? 32 ? 16 ? ¥ 2 ? 4 ? 

|-in. radii, were used in a punch-and- 
die setup as shown in Fig. 2. Figure 1 
also shows punches having |, and 
1-in. radii which were used in the pre- 
vious investigation but were not re- 
quired for these studies. To determine 
the forming characteristics of a material, 
the punch and die (Fig. 2) were set up 
and the distance between the punch 
and die at the end of the downward 
stroke adjusted to the approximate 
thickness of the test specimen. The 
specimen was then placed undamped 
on the die which has a sharp, 90-deg. 
V-groove and the specimen formed in 
the usual manner on the punch press. 
For this work a Bliss No. 18 punch 
press was used. 

A group of five specimens was formed 
over a punch of a given radius and these 
specimens were examined visually by 
comparison with a series of standard 
specimens, such as that shown in Fig. 
3, to determine whether the forming 
radius was satisfactory. Parts which 
are formed over too sharp a radius will 
crack, as illustrated by specimens Nos. 
1 to 4 in Fig. 3. As the radius is in- 
creased the cracking becomes less and 
less pronounced until there is no visible 
open crack, but instead a pronounced 
^^orange peeF’ is evident. This condi- 
tion is illustrated by specimens Nos. 
5 to 7 in Fig. 3. A pronounced ^^orange 
peeF^ is objectionable because such a 
part is weaker than one free from this 
condition, and because it detracts from 
the appearance of the finished part. 
Therefore, increasingly larger radii were 
used until the “orange peeF’ effect 
became less marked, as illustrated by 
specimens Nos. 8 to 10; m Fig, 3.: The 
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Fig. 2. — Punch and Die Setup in Punch Press. 


surface- shown on specimen No. 8 in 
Fig. 3 (also illustrated by the insert) is 
considered satisfactory and the radius 
used in forming this specimen is con- 
sidered to be the minimum satisfactory 
radius for the material tested. 


For the brake-forming studies a 12-in, 
Di-Acro bending brake was modified 
as shown in Fig. 4. This modification 
consisted of attaching to the fixed platen 
of the brake two supporting members 
containing 45-deg. slots. A slide moves 
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Fig. 4. — Modified Bending Brake. 
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up and down in these slots at a 45-deg. 
angle to the fixed platen. This slide 
is controlled by a screw by means of 
which clamping pressure can be exerted 
upon the specimen. To the slide are 
attached removable mandrels of various 
radii. These mandrels, shown in Fig. 
4, have sharp, 

A) A. and |-in. radii. 

The radius mandrel, when mounted 
on the movable slide, is so located that 
a plane passed through the axis of rota- 
tion of the movable platen and normal 
to the surface of the fixed platen is 
tangent to the mandrel radius when the 
slide is lowered against the fixed platen. 


mandrel are raised by means of the 
screw handle, a specimen is inserted 
beneath the mandrel and clamped by 
tightening this handle. Once the speci- 
men is clamped, it is formed around the 
mandrel by rotating the movable platen 
through an angle of 90 deg. The speci- 
men is then undamped and examined 
visually. As in the case of the punch- 
press studies, groups of five specimens 
were formed over successively larger 
radii until satisfactory forming was ob- 
tained as previously described. 

The tensile strength of each of the 
sheets of aluminum used in these 
studies was determined on test speci- 


TABLE I.-CHEMICAL COMPOSITION. 



Alloy 2S 

Alloy 3S 

Alloy 24S 

Alloy 52S 

Alloy 61S 

Specification 

QQ-A-S61" 

QQ-A-359a® 

AN-A-12^ 

QQ-A-318“ 

QQ-A-327® 

Composition, per cent: 






Aluminum 

99.00 min. 

remainder 

remainder 

remainder 

remainder 

Manganese 


1.0 to 1.5 

0.3 to 0.9 

0 . 10 max. 

0.15 max. 

Copper 


0.2 max. 

3.8 to 4.9 

0.10 max. 

O.IS to 0.4 

Iron 


0.7 max. 

0.5 max. 


0.7 max. 

Silicon 


0.6 max. 

0.5 max. 


0.4 to 0.8 

Zinc 


0.1 max. 

0.1 max. 

0.03 max. 

0.2 max. 

Chromium 



0.25 max. 

0.15 to 0.35 

0.35 max. 

Magnesium 



1.2 to 1.8 

2.2 to 2.8 

0.8 to 1.2 

Lead 






Titanium 





0.15 max. 

Other elements: 






Each 


0.05 max. 

0.05 max. 

0.03 max. 

0.03 max. 

Total 


0.15 max. 

0.15 max. 

0.10 max. 

0.10 max. 


" Federal Specification. 

" Army-Navy Aeronautical Specification. 


Since the slide moves at an angle of 45 
deg. to the fixed platen, the mandrel 
moves away from the normal plane 
through the axis of rotation by an 
amount equal to the thickness of the 
specimen under test. Consequently 
there is no necessity for adjusting the 
horizontal position of the mandrel for 
variations in thickness of stock. This 
is in marked contrast to the punch 
and die setup which requires adjustment 
for each thickness, and to the com- 
mercial bending brakes which require 
adjustment for each change in mandrel 
radius and thickness of the stock. 

In use, the slide and the attached 


mens taken parallel to the direction of 
rolling, in accordance with standard 
laboratory methods. Test specimens 
similar to those shown in Fig. 2 of 
A.S.T.M. Standard Methods of Ten- 
sion Testing of Metallic Materials (E 8 ~ 
42)^ were used. The width and thick- 
ness were measured to the nearest 0.0001 
in. The specimens were tested on a 
20,000-lb. Amsler universal testing ma- 
chine at a maximum free head speed 
of 0.100 in. per in. of length. The 
testing machine was accurate to rt 1 
per cent at all load readings. The scale 
used was such that fracture of the test 


* 1944 Book of A.S.T.M. Standards, Part I, p. 962. 
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TABLE II,— M'MIMXIM RADII SUITABLE FOR FORMING 90-DEG. BENDS IN ALUMINUM ALLOY SHEET. 




' 1 


Minimum Suitable Radius, in. 

Required 

Bending 


Nominal | 
Thickness* : 
in. . i 

1 

Actual 

Thick- 

1 

1 

, Tensile 
Strength, 

For Brake Forming 

For Punch Press Forming 1 

Radii as 
Listed in 
1944 Alcoa 
Handbook® 

Desig- 
,, nation. 

Bend 
Perpen- 
dicular 
to Di- 
rection 
of 

Rolling 

Bend at 

Bend 

Bend 
Perpen- 
dicular 
to Di- 
rection 
of 

Rolling 

Bend at 

Bend 

ness, in. 

psi. 

45 deg. 
to Di- 
rection 
of 

Rolling 

Parallel 
to Di- 
rection 
of 

Rolling , 

45 deg. 1 
toDi- ,i 
rection 
of i 
Rolling 

Parallel 
to Di- 
rection 
of 

Rolling 

Grain 

Direction 

Not 

Specified 


Aluminum Alloy 2S - MH. 


EquimUni SpeciJlcaUom»—A.SJiM, Tentative Specification B 25, Federal Specification QQ-A-561, Navy Department 

Specification 47A2, S.A.E, Specification 25. 



All thick- 
nesses 


16 000 min. 
(req'd.) 

... 



Sharp 

Sharp 

Sharp 


A30 

0.012 

0.0125 

17 200 

Sharp 

Sharp 

Sharp 


A1 

0.014 

0.014 

18 300 

Sharp 

Sharp 

Sharp 

Sharp 

Sharp 

Sharp 


A2 

0.016 

0.016 

17 900 

Sharp 

Sharp 


Sharp 

Sharp 

Sharp 

6 

A28 

0.020 

0.021 

17 900 

Sharp 

Hi 

Hi 

Sharp 

Sharp 

Sharp 


A3 

0.025 

0.026 

17 500 

Hi 

Hi 


Sharp 

Sharp 

Hi 


A4 

0.032 

0.032 

18 100 

Hi 

Hi 


Sharp 

Hi 

% 

0 

A31. 

0.040 

0.042 

18 400 

Hi 

Hi 

Hz 

Hi, 


Hi 


A32 

0.051 

0.051 

17 100 

Hi 

Hi 

^2 

K 

Hi^ 

Hi 


AS 

0.064 

0.064 

16 800 

Hi 

Hi 

Hz 

Ki'’ 

Hit 

Hi 

o' 


0.072 



Hi^ 

Hi^ 

Hz^ 





A2'9 1 

0.081 

o1683 

1 17 400 

Hi 

Hi 

Hi, 

Hi 


Hz, 


A6 .! 

0.091 

0.093 

16 900 

lA 

Hi 

H^ 

'^4t 

Hi. 

^Hzi 


A46 1 

0,102 

0.101 

16 500 

Hi 

Hi 

Hz 


Hi^ 

H^ 


A7 

0.128 

0.123 

17 100 

H2 

Hi 

Hi 


Hi 

Hz 

'6' 


Aluminum Alloy 3S - HH. 

Equivalent SpecificaHons.'^A.S.liM. Tentative Specification B 79, Federal Specification QQ-A-359,Navy Depart- 
ment Specification 47 A4, S.A,E. Specification 29. 



All thick- 
nesses 


19 500 min. 
(req’d.) 









0.012 


Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 



0.014 



Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 



0.016 



Sharp® 

Sharp® 

Hi^ 

Sharp® 

Sharp® 

Sharp® 


A36 

0.020 

0.020 

22 2*00 

Hi 

Hi 

H 

Sharp 

Sharp 

Hi 

6 

A33 

0.025 

0.025 

21 900 

Hi 

Hi 

Hz 

Sharp 

Sharp 


A58 

0.032 

0.031 

23 400 

Hi 

Hi 

Hi 

Sharp 

Sharp 


6 

A52 

0.040 

0.042 

23 000 

Hi 

Hi 

Hz 

Hi 

k's 



A57 

0.051 

0.050 i 

22 500 

Hi 

Hz 

Hz 

Hi 



A56 

0.064 

0.062 ; 

22 400 

Hi 

H 

Hz 

Hi 

Hi 

Hz 

*6’ 

A51 

0.072 



Hfi 



'€ 

Hf 

Hz° 


0.081 

i o’ok : 

22 '900 

Hi 

Hi 

Hi 

Hi 

Hi 


A69 

0.091 

0.092 1 

22 000 

Hz 

Hz 

Hz 

H/^ 

Hz 

H? 

Me 


A56 

0.102 

0.101 

23 100 

Hi 

Hi 

Hk 

Hi 

Hi 


A49 

0.128 

0.125 

21 300 

Hz 

Ha 

He 

Hz 

He 

J4 

0 to'lt 


Aluminum Alloy 24S “ O. 

EqimaUni Specifications , — Federal Specification QQ-A-35S, Army-Navy Aeronautics Specification AN-A-12, 

S.A.E. Specification 24. 



All thick- 
nesses 


35 000 max. 
(req’d.) 








AS....... 

0.012 

0.0124 

31000 

Sharp 

Sharp 

Sharp 

Sharp 

Sharp 

Sharp 


A43...... 

0.014 

o'.oie 

26 '500 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 


0.016 

Sharp 

Sharp 

Sharp 

Sharp ■ 

Sharp 

Sharp 

6 

A9. 

0.020 

0.020 

30 000 

Sharp 

Sharp 

Sharp 

Sharp 

Sharp 

Sharp 


A77 

0.025 

0.026 

30 100 

Sharp 

Sharp 

Hi 

Sharp 

Sharp 

Sharp 

Sharp 


AlO...... 

0.032 

0.032 

33 000 

Hi 

Hi 

Sharp 

Sharp 

Sharp 

6 

A44..'.... 

0.040 

0.040 

30 000 

Hi 

Hi 

Hi' 

Hi 

Ml 

Hi 


A4a......: 

0.051 

0.051 

33 600 

Hi 

Hi 


Hi 

¥4 

Hi 


All...... 

0,064 

0.066 

29 400 

Hi 

Hi 

i Hi 

Hi 

Hi 

Hi 

Hi 

*6* 

A67...... 

0.072 

0.072 

28 600 


Hi 

■ Hi 

‘ Hi 

Hi 


A81...... 

0.081 

0.081 

29 900 


Hi, 

% 

Hi 

Hi 

Hi 

Hi , 


A80... . .. 

0-091 

0.092 

32 600 

Hi, 

Hii 

Hi, 

i' Hi 

H/ 


A45 . . . — 

0.102 

0.104 

26 400 

H/ 

W 

W 

W 

W 

W 


A41 

o.m 

0.128 

37 000® 

He 

He 

He 

He 

He 

He 

'6' 
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TABLE II . — Continued 






Minimum Suitable Radius, in. 

Required 

Bending 


Nominal 

Thickness, 

in. 

Actual 
Thick- 
ness, in. 

Tensile 

Strength, 

psi. 

For Brake Forming 

For Punch Press Forming 

Radii as 
Listed in 
1944 Alcoa 
Handbook® 

Desig- 

nation 

Bend 
Perpen- 
dicular 
to Di- 
rection 
of 

Rolling 

Bend at 

1 

Bend | 

Bend 
Perpen- ‘ 
dicular 
to Di- 
rection 
of 

Rolling 

1 

Bend at | 

Bend 


45 deg. 
to Di- 
rection 
of 

Rolling 

Parallel ' 
to Di- 
rection 
of i 
Rolling 

45 deg. 
,toDi- i 
rection 
of 

Rolling 

Parallel 
to Di- ; 
rection ■ 
of ' 
Rolling i 

Grain 

Direction 

Not 

Specified 


Aluminum Alloy 24S -T. 

Equivalent Specificatiomr-'Ft&txdl Specification QQ-A-355, Army-Navy Aeronautics Specification AN-A-12, S.A.E* 

Specification 24. 



All thick- 
nesses 


64 000 min, 
(req’d.) 







... 


0.012 










0.014 











0.016 









l34-3t 

A34...... 

0.020 

0.020 

71 2*00 

14 

14 

14 

14 

\ 14 

■ 14 


0.025 






54" 

.,54" 

54" 


A12 ! 

0.032 

0.033 

72 200 

He 


14 

14 

14 

14 

2t— 4t 

A13 1 

0.040 

0.040 

69 700 

% 


% 

54 

: 54 

54 


A14 .1 

0.051 1 

0.049 

69 000 



Ye 

y^a 

: W ' 



A15...... 

0.064 

0.063 

71 700 


»>4 

54 

54 

: 54 1 

54 

3t-5t . 


0.072 



W 

54*^ 


54" 

54" 

Ke" 


AS4...... 

0.081 

o’ 079 

71 ’S'OO 

% 

% 

14 

14 

.14 

14 

14 


A61 

0.091 

0.091 

71 600 

% 

14 

14 

14 

%' 


A55...... 

0.102 i 

0.100 

72 000 

M 

M 

H 

M 


34 : 


A16...... 

0.128 

0.127 

72 600 1 

1 

Vs 

% 

% 

H 

5^ 

54 

4t-a 


Aluminum Alloy S2S - H. 

Equivalent Specifications M. Tentative Specification B 109, Federal Specification QQ-A-318, Navy Department 

Specification 47A11, S.A.E. Specification 201, 



All thick- 
nesses 


31 000 min. 
(req’d) 









0.012 


Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 



0.014 



Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 



0.016 



Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

Sharp® 

0 

A73...... 

0.020 

0.021 

33”4’00. 

14 

14 

14 

14 

14 

14 


A60 

0.025 

0.028 

34 400*' 

14 

14 

14 

14 

14 




0.032 



14" 

54" 

54" 

14" 

54" 

54" 

0 

A19...... 

0.040 

0.039 

32 ’900 

14 

54 

54 

14 

54 

54 


A20 

0.051 

0.050 

32 800 

54 

54 

14 

54 

54 

Ife 


A21 

0.064 

0.064 

33 600 

14 

14 

54, 

14 

1 14 

54 

'o’ 


0.072 



54" 

54" 


54 

^ 54" 

34" 


A22...... 

0.081 

o’ 081 

33’8’00 

54 

54 

y 

54 

1 54 



A23...... 

0.091 

0.090 

33 100 

Vz 

Vs 

Vs 

1 Vs 

34, 


0.102 


34 ’I'OO^’ 

M" 1 



W 

■ 

3f 


.A24...... 

0.128 

o’ 123 

Vs 

Vs 

Vs 

Vs 

> Vs 

Vs 

0-1 1 


Aluminum Alloy S2S-J4H. 

Equivalent Specifications.— K.S.TM. Tentative Specification B 109, Federal Specification QQ-A-318, Navy Department 

Specification 47A11, S.A.E. Specification 201. 



All thick- 


34 000 min. 







... 


nesses 

0.012 


(req’d.) 







• # . 


0.014 











0.016 









0 


0.020 







14 

¥ 


A48 

0.025 

0.027 

36’4’00 

14 

14 

% 

14 

*6’ 

A39. 

0.032 

0.033 

36 300 

54 

54 

54 

% 


f4 

A35...... 

0.040 

0.042 

35 500, 

54 

54 

14 


54 

14 


A40 

0.051 

0,051 

33 600^'. 

54 

54 

14 


54 

14 

o-Yt 

A25....... 

0.064 

0.063 

35 000 

14, 

14 

54, 

14, 

^6 

54, 

0.072 



54^ 

H 



Vs 


A38 

0.081 

o’osi 

36 ‘9*00 

54 

Vs 

% 

■ % 

M 

54 


A47 

0.091 

0.093 

36 600 

Vs 

Vs 

54, 

V 

Vs 

54 


A26 

A82...... 

0.102 

0.128 

0.103 

0.128 

36 200 

36 900 

It 


i&‘ 

5^ 

n 

1 

5?2 

54 

M-iMt 


I 
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TABLE Jl.---Contimied 




■ 1 

1 


Minimal Suitable Radius, in. 

Required 

Bending 


..Nominal 

Thick.Eess, 

.in. 

Actual ! 
: Thick- I 

Tensile 

Strength, 

For Brake Forming 

For Punch Press Forming 

Radii as 
Listed in 

Desig- 
natioB ! 

Bend 
Perpen- 
dicular 
to Di- 
rection 
of 

Rolling 

Bend at 

Bend 

Bend 
Perpen- 
dicular 
to Di- 
rection 
of 

Rolling 

Bend at 
45 deg. 
to Di- 
rection 
of 

Rolling 

Bend 
Parallel 
to Di- 
rection 
of 

Rolling 

Handbook® 

ness, in. 

psi. 

45 deg. 
to Di- 
rection 
of 

Rolling 

Parallel 
to Di- 
rection 
of 

Rolling 

Grain 

Direction 

Not 

Specified 

i ' ■ ' 


Aluminum Alloy 61 S - T. 

Federal Specification QQ-’A-32L Navy Department Specification 47A12, S.A.E. Specification 
281, Type 2. 



All thick- 
nesses 


42 000 min. 
(req’d.) 









0.012 

0.014 











0.016 









0-1 1 


0.020 




56" 

56" 

56" 

56" 

56" 



0.025 




56" 

56" 

56" 

56" 

56" 


A63 

0.032 

0.032 

45 400 

56 

56 

56 

56 

56 

56 

i/st-ikt 

A66 

0.040 i 

0.041 

43 800 

56 

56 

56 

56 

56 

56 


A65 

0.051 

0.051 

46 100 

14 

54 

54 

54 

54 

54 


A64. 

0.064 

0.063 

46 000 

y1s2 

56 

56 

i 56 

56 

56 

56 

lt-2t 

A68 

0.072 

0.071 

46 300 

56 

56 

56 

56 

56 



0.081 




r 

I^c 

5/8" 

Ks" 

56" i 



0.091 

o'. 090 

45 800 

56 

56 

56 

■56 

56 



0.102 



54" 

54" 

5f6" 

5f6" 

54" 

54" 


A71 

0.128 

0^25 

1 44 600 

H 


H 

56 

% 

56 



® Alinninmn Company of America Handbook gives bending radii in terms of approximate sheet thickness. 
° Actual radius was found to be sharp. 

® Estimated. 

® Actual radius was found to be *4 in. 

® 2.000 psi. above specified maximun tensile strength. 

* Actual radius was found to be ^ in, 

J Actual radius was found to be ^2 in. 

" Actual radius was found to be % in. 

\ 400 psi. above specified minimum tensile limit for 52S-KH. 

1 100 psi. above specified minimum tensile limit for 52S-J4H. 
f 400 psi. below specified minimum tensile limit for 52S-HH. 

^ Actual radius was found to be in. 


specimens occurred at | to f of the 
full load. 

The specified chemical compositions 
of the various materials studied are 
given in Table I. Detailed analyses of 
the alloys were not made. How’-ever, 
spectrographic analysis, by means of a 
spark-comparison method, was used to 
confirm the identity of each lot of 
aluminum as to t37pe. In a few cases 
this was supplemented by conventional 
wet methods of analysis. 

Test Data 

The tension data for the various 
materials studied, as well as the mini- 
mum satisfactory radii for forming 90- 
deg. bends in punch and die setups and 
on bending brakes, are given in Table 
II. For comparison, the table includes 


the radii required for forming 90-deg. 
bends in these materials as published 
in the 1944 Handbook of the Aluminum 
Company of America. These latter 
values are, however, expressed in general 
terms relative to the approximate thick- 
ness of the stock and usually are given 
as a range of values rather than a defi- 
nite minimum forming radius. 

The data shown in Table II represent 
minimum satisfactory forming radii 
which may be used for design. They 
have been corrected for inconsistencies 
due to observational errors in deter- 
mining the end point, so that the mini- 
mum radii listed for forming successively 
thicker sheets of a given alloy and tem- 
per are equal to or greater than those 
shown for thinner material. 

A study of the data shows that, with 
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one exceptioBj the minimiim radii re- 
quired to form these aluminum alloys 
at a 45-deg. angle to the direction of roll- 
ing were equal to or larger than those 
required to form the material at a 90- 
deg. angle to the direction of rolling. 
Likewise, with one exception, the radii 
required to form the material parallel 
to the direction of rolling were equal to 
or larger than those required to form 
the material at a 45-deg, angle. Since 
it is a well-established fact that the best 
forming characteristics, particularly in 
cold-rolled sheet and strip, are obtained 
when the material is bent at right angles 
to the direction of rolling, these dis- 
crepancies have been corrected in Table 
II as indicated in the footnotes. 

It will be seen from a study of the 
forming data that, in practically every 
case, the radii for punch-press work are 
either equal to or smaller than those 
shown for brake bending. This is due 
to the nature of the bending operations. 
In punch-press work the metal is drawn 
evenly into the die from both sides and 
the operation is essentially one involv- 
ing bending, with little or no reduction 
in the thickness of the material. In 
brake forming, the material first starts 
to bend around the mandrel radius. 
As friction develops between the mov- 
able platen and the specimen, the latter 
is gripped tightly not only at the clamped 
end between the mandrel and the fixed 
platen but also at the free end between 
the mandrel and the movable platen. 
As bending progresses the metal begins 
to draw or ‘^^neck down’’ so that local 
reduction in thickness occurs. This 
action results in the need for a somewhat 
larger radius in brake forming than in 
punch-press work. However, a com- 


parison of the two sets of data wil 
show that this difference in all cases 
was small and in no case exceeded the 
difference in radii between two successive 
punches. Therefore, the minimum radii 
listed as suitable for brake forming also 
can be used for punch-press forming 
operations on the various sheet alumi- 
num alloys covered by this report with 
little or no loss of space. 

Conclusions 

The studies covered by this paper 
indicate that: 

1. The brake-forming characteristics 
of aluminum-alloy sheet can be evalu- 
ated by modifying a commercially avail- 
able brake to provide mandrels of 
precise radii and a means of readily 
compensating for variations in sheet 
thickness. 

2. The brake-forming characteristics 
of aluminum-alloy sheet compare favor- 
ably with the punch-and-die forming 
characteristics. Where differences ex- 
ist, they are no greater than the differ- 
ence between two successive radii, the 
larger radius being required for brake 
forming. 
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manuscript. 



DISCUSSION 


Mr. E. S. HowARTtf {presented in 
written form ). — Definition of the end 
point in bending tests such as those re- 
ported in this paper is extremely difficult 
and makes comparison of work by dif- 
ferent investigators somewhat uncertain. 
Permissible minimum bend radii, based 
on the absence of cracks in the formed 
specimen, depend upon whether the 
specimens are examined by the unaided 
eye, a low-magnification hand glass, or 
the microscope. The authors have 
chosen to define the end point by samples 
which have developed a degree of 
“orange peeF’ similar to a previously 
chosen standard sample. Figure 3 of 
the paper indicates that this condition is 
met some three steps larger in forming 
tool radius than was satisfactory to 
form specimens which were crack-free 
when examined by the unaided eye. I 
believe that this factor largely explains 
why the minimum radii for their tests, 
contained in Table II, are, in many in- 
stances, larger than those reported in the 
last column of Table II. 

The information cited from the Alumi- 
num Company of America publications 
is intended to be a general guide to the 
selection of tools for forming aluminum 
alloys and is based largely on the fabrica- 
tion of crack-free formed articles. These 
publications do not show the direction of 
the bend with respect to the grain in the 
sheet material, but the radii are based 
on the most severe condition, namely, 
that in which the axis of the bend is 
parallel to the rolling direction. 


One of the very important forming 
properties of sheet materials is the 
springback which occurs after the form- 
ing tools are separated from the work. 
This property is not discussed in the 
paper but may have been obtained from 
the punch-press tests in which 90-deg. 
punches and die were employed. If 
this information is available I believe 
it would be a very much worth-while 
additional contribution. 

Mr. G. R. Gohn {autho/s closure).— 
In reply to Mr. Howarth, I can only 
offer our own experience on the use of 
forming data such as those presented in 
our paper. Back in 1930 the Western 
Electric Co. (the manufacturing unit of 
the Bell System) was having considerable 
difficulty in the manufacture of formed 
parts made on punch presses. Hundreds 
of millions of punched metal parts were 
made every year, but because of the lack 
of forming data, it was frequently neces- 
sary, after the completion of the tools, to 
increase tool radii to form the parts prop- 
erly or to decrease the temper of the 
material from which the part was 
punched. The latter was undesirable 
from an engineering standpoint, the 
former was expensive. To reduce the 
amount of such work, the Western Elec- 
tric Co. undertook a limited forming 
study of copper-base alloys.^ That 
study was extended by us a few years 
later^ when we studied some 20,000 dif- 

2W. A- Straw, M. B. Helfrick, and C. R. Fischrupp, 
“Forming Properties of Thin Sheets of Some Non-Ferrous 
Metals,” Transactions, Am. Inst. Mining and Metallurgical 
Engrs., Inst. Metals Div., p. 317 (1931). 

8 G. R. Gohn, “The Forming Properties of Some J^on- 
Ferrous Sheet Metals,” Proceedings, Am. Soc. Testing 
Mats., VoL 36, Part II, p. 207 (1936). 


^ Chief, Metal Working Div,, Aluminum Research 
Laboratories, New Kensington, Pa, 
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ferent specimens using the same end 
point determination which is described 
in this paper. We repeated the tests 
on some of the same materials which the 
Western Electric Co. had studied. De- 
spite the lack” of a scientific end point we 
came up with almost identical minimum 
safe forming radii. 

Since then we have prescribed these 
radii for design purposes and we have 
had no complaints as to inability to form 
the parts satisfactorily. I will grant 
that there may be a margin of safety 
in our recommendations, but this has 
imposed no hardship on our designs. 
Consequently, when we undertook form- 
ing studies on aluminum alloy sheet, we 
used the same end point requirement as 
we had previously used for the copper- 
base alloys. We do not have any ex- 


tended experience with the forming of 
aluminum alloys in sheet form, but we 
believe, in view of our experience with 
other non-ferrous materials, that the 
recommended minimum forming radii 
given in this paper can be safely used in 
design. 

With respect to the question of spring- 
back in the bending brake tests, you can 
overform the test specimens so that the 
final product has a 90-deg. bend or in- 
cluded angle. In the punch-press test, 
the clamp-down pressure or the adjust- 
ment of the clearance between the punch 
and the die at the end of the stroke con- 
trols the amount of springback. We 
justify this procedure because when we 
make parts on a punch press a heeled 
tool is generally used which strikes the 
inside of the radius and sets the bend so 
that it will have the prescribed angle. 


ATMOSPHERIC AND INDOOR AGING STUDIES ON SOME ALUMINUM 
AND ZINC-BASE DIE-CASTING ALLOYS* 

By G. R. Gohn^ and Lucille E. Menges^ 

Synopsis 

The results of indoor and outdoor aging studies covering a period of 15 yr. 
on twelve aluminum and nine zinc-base die-casting alloys are presented in this 
paper. These alloys were die-cast by a number of producers for a coopera- 
tive investigation of various die-casting alloys originally undertaken by the 
former Subcommittee XV on Die-Cast Metals and Alloys, of A.S.T.M. Com- 
mittee B-2 and carried to completion by the subcommittee's successor, Com- 
mittee B-6 on Die-Cast Metals and Alloys. 

At the time these studies were undertaken in 1927, the various specimens 
represented the best commercial practices with respect to composition and 
methods of die-casting; but in the intervening years, technological improve- 
ments in the alloys and equipment (many of them the outgrowth of these 
cooperative studies) as well as changes in commercial die-casting practices 
have made obsolete all of the zinc-base die-casting alloys and all but three of 
the aluminum-base die-casting alloys. Only aluminum-base alloys Nos. IV, 

V and a modification of VII are in commercial use today. 

The studies indicate that there was very little difference in the effect of in- 
door or outdoor aging on the physical properties of the twelve aluminum-base 
alloys during the 15-yr. test period. On the other hand, all of the nine zinc- 
base alloys showed marked losses in physical properties during the same period 
of time. For most of the zinc-base alloys, the losses on outdoor aging were 
only slightly greater than those shown in the indoor aging tests. In the case 
of zinc-base alloys having a nominal composition of 4 per cent aluminum, 

3 per cent copper, remainder zinc, the losses in physical properties were reduced 
when a higher quality of zinc was used as the basis metal. Small additions 
of magnesium also retarded the losses. The greatest resistance to aging was 
shown by the zinc-base alloy containing 4 per cent aluminum, 3 per cent copper, 
compounded from Special High-Grade Zinc (minimum, 99.98 per cent zinc) 
with added magnesium. 


In 1927 'when Subcommittee XV (now 
Committee B-b) of A.S.T.M. Committee 
B-2 on Non-Ferrous Metals and Alloys 
undertook a comprehensive series of 
cooperative tests on both aluminum and 
zinc-base die-casting alloys, the Bell 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

^ Beii Telephone Laboratories, Inc., New York, N. Y. 


Telephone Laboratories participated in 
the program as one of the testing labora- 
tories. Space was provided on the roof 
of their New York City building for the 
outdoor exposure racks of the committee. 
In addition to their participation in the 
work of the committee, the Bell Tele- 
phone Laboratories carried out a series 
of parallel indoor and outdoor aging 
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studies on all of the alloys die-cast by the 
various producers. The latter tests, 
which were made on specimens supplied 
by the subcommittee, covered exposure 
periods of 6 months to 15 yr. and reflect 
the effect of an accelerated outdoor ex- 
posure not used in the committee’s tests. 
These studies have now been completed 
and, although all of the zinc-base alloys 
and all but three of the aluminum-base 
alloys are now obsolete, the data are 
presented in this paper to supplement 
those appearing in the annual reports of 
the committee. 

Testing Program 

The specimens used in these studies 
were die-cast from twelve aluminum- 
base alloys by five different producers 
and from nine zinc-base alloys by two 
to six different producers, depending 
upon the alloy. Details concerning the 
original choice of alloys, a description 
of the basis metals used in preparing the 
alloys and a list of the producers die-cast- 
ing test specimens are given in the 1928 
Report of Subcommittee XV, of 
A.S.T.M. Committee B-2 (l).^ 

The testing program consisted of ten- 
sion tests on |-in. diameter round ten- 
sion specimens in the “as cast” condition, 
and after shelf-life or indoor aging for 
periods of 6 months, 1, 2, 5, and 15 yr.; 
tension tests on | by f-in., flat tension 
specimens in the “as cast” condition, 
and after 6 months, 2, 5, and 15 yr. of 
outdoor exposure; and Charpy impact 
tests on i by J-in. square, unnotched 
test bars after 15 yr. of shelf-life aging. 
All e.xposure tests, both indoors and out- 
doors, were made in New York City. 
Because of a shortage of test specimens 
the zinc-base alloys were not tested after 
the 5-yr. indoor or outdoor exposure 
period. 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1094. 



Methods ot Test 

The methods of test used in these 
studies were essentially those outlined in 
Appendix III to the 1928 Report of Sub- 
committee XV (2). The tension speci- 
mens were tested at a maximum cross- 


Fig. 1. — Die-Cast Specimens Mounted on 
Test Rack. 

head speed of 0.025 in. per inch of free 
length, on a 20,000-lb. Amsler universal 
testing machine. The scale used was 
selected to give fracture at one half to 
three quarters of the full-scale reading. 
This machine was accurate to ztl per 
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cent at any load. The percentage 
elongation was determined with the use 
of dividers to the nearest 0.5 per cent. 
In most cases ten specimens were used 
for each test. 

The Charpy impact values were deter- 
mined on a 30 ft-lb, Riehle impact tester. 
The ten 6-in. test bars were cut in the 


mittee XV of Committee B-2 (3)). 
Whereas the specimens exposed for Sub- 
committee XV were mounted in a man- 
ner similar to that shown in Fig. 1 and 
exposed to normal atmospheric corrosion 
at an elevation of ISO ft., the specimens 
used in these studies were exposed to an 
''artificial rain’’ at an elevation of SO ft. 



center and impact tests were made on 
both the vent and gate ends, using un- 
notched specimens. 

The die-cast test specimens were 
mounted on racks as shown in Fig. 1, 
and the individual racks were mounted 
on frames as shown in Fig. 2 (see also 
Fig. 6 of the 1930 Report of Subcom- 


In both cases the exposure racks were 
located on the roof of the Bell Telephone 
Laboratories building at 463 West St., 
directly opposite large steamship docks 
on the Hudson River. Consequently) 
in addition to the smoke and dust nor- 
mally encountered in a large, industrial, 
seacoast city, the atmosphere in the 
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immediate vicinity of the exposure site 
receives considerable additional smoke 
contamination from steamships tied up 
at the docks and from tugs and other 
vessels in the heavy river traffic passing 
this point. The sulfur dioxide content 
of the air is also considerably above that 
normally found in city atmospheres and 
a relatively high percentage of dust is 
present. This dust consists largely of 
carbonaceous matter, primarily cinders, 
together with smaller percentages of 
soot and coal dust. According to Hip- 
pensteel, Borgmann and Farnsworth ( 4 ) 
these particles add to the corrosiveness 
of the environment in that they may 
form nuclei for local attack. The at- 
mosphere to which the test specimens 
were exposed may therefore be consid- 
ered as highly industrial in character 
and severely corrosive. 

The severity of the exposure was in- 
creased by spraying the specimens with 
water. This spray or “artificial rain” 
was intended to simulate additional rain- 
fall, with the expectation of obtaining a 
reasonable acceleration of the normal 
weathering. It was applied three times 
daily (except Sunday) for 15-min. periods 
during the 8 months from April to De- 
cember of each year until 1937 when the 
“artificial rain” system was discontinued 
because the acceleration was not as great 
as anticipated. The aluminum-base al- 
loys were exposed to the accelerated 
corrosion just described for the first 
9 yr. of the test period, the zinc-base 
alloys for the first 6 yr. This difference 
was due to the fact that the zinc-base 
alloys were not available when the tests 
were started on the aluminum-base al- 
loys. Other climatic details applicable 
to the test site are given in Table XXII 
taken from the 1932 Report of Subcom- 
mittee VI of A.S.T.M. Committee B-3 
(S). 


Test Data 

Tables I to XXI, inclusive, list the 
nominal chemical compositions and the 
coordinated chemical analyses for each 
of the alloys based upon the analytical 
results from several laboratories, as well 
as the average tensile strength and per- 
centage elongation in 2 in. after various 
testing periods. Because the shape of 
the test specimen determines, to some 
extent, the resulting physical properties 
it was necessary to determine the tensile 
properties of both the round and flat 
tension specimens in the “as casC^ condi- 
tion, that is at zero time, as separate 
reference values for comparing the effect 
of various indoor and outdoor aging 
periods. The chemical analyses are 
taken from the 1935 Report of Subcom- 
mittee V of A.S.T.M. Committee B-6 (6). 
Charpy impact data for specimens “as 
cast” and after aging outdoors for 15 yr. 
are also given in Tables I to XXI, inclu- 
sive. Inasmuch as the initial impact 
values, as determined by the Bell Tele- 
phone Laboratories, were Izod values, 
the “as cast” Charpy impact data given 
in Tables I to XXI are taken from the 
tables on pp. 197 to 212 of Appendix II 
to the 1935 Report of Subcommittee 
V(6). 

Other pertinent data on these alloys 
including metallographic and X-ray stud- 
ies ( 7 , 8 , 9 ), density determinations ( 10 ), 
methods of statistical analysis (11), dis- 
cussions on the expansion test for zinc- 
base die-castings (12), the effect of com- 
position on aluminum-base die castings 
( 13 ), and the results of the committee 
studies on these alloys after 1 and 5-yr. 
exposure for the aluminum-base alloys 
( 14 , 15 ), and after 1, 5, and 10-yr. ex- 
posure for the zinc-base alloys ( 14 , 15 , 
16 ) are given in the various reports of 
A.S.T.M. Committees B-2 and B-6, and 
their subcommittees. 
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Discussion OF Data 
Aluniimm-Base Alloys: 

A study of the test data given in 
Tables I to XII for the aluminum-base 
alloys (see also Figs. 3 to 14 inclusive) 
indicates that after 15 yr. of indoor aging, 
all twelve of the alloys show a slight in- 
crease in tensile strength. This increase 
in tensile strength varies from less than 
1 per cent for the high-silicon alloy 
(No, V) to approximately 10 per cent, 
both for the low-copper, silicon alloy 
(No. VI), and for alloys containing 4 per 
cent or more of copper, with or without 
other added elements such as silicon or 
nickel (alloys Nos. I, II, III, VII, IX, 
and XII) . The silicon-nickel alloy (No. 

X) showed only slightly greater change 
in tensile strength than did the high- 
silicon alloy (No. V). The low-silicon 
alloy (No. IV), the low-copper, silicon- 
nickel alloy (No. VIII), and the low- 
copper, high-silicon alloy (No, XI) all 
showed similar aging characteristics, the 
increase in tensile strength being about 
6 per cent. 

During the same period of time the 
elongation of these alloys was also 
affected, the changes varying from an 
increase of approximately 15 per cent for 
the high-silicon alloy (No. V), the low- 
copper, silicon-nickel alloy (No. IX), and 
the silicon-nickel alloy (No. X) to a de- 
crease of about 25 per cent for the three 
alloys containing 8 per cent or more of 
copper (alloys Nos. II, III, and XII). 
The impact strength of all of the alloys, 
except the high-silicon alloy (No. V), 
decreased by amounts varying from 14 to 
48 per cent. The latter figure corre- 
sponds to a loss of 1.2 ft-lb. In the case 
of the high-silicon alloy (No. V) there 
was no change in impact strength after 
15 yr. of indoor aging. 

The data show that, in the indoor 
aging tests, there was very little change 
in tensile strength after the 2-yr. ex- 


posure period. There was, however, a 
continuing loss in elongation after the 
2-yr. test period. 

A study of the test data given in 
Tables I to XII (see also Figs. 3 to 14 
inclusive) indicates that, after 15 yr. of 
outdoor aging, the only aluminum-base 
alloys which showed no increase in ten- 
sile strength were the 4 per cent copper 
alloy (No. I), the low and the high-sili- 
con alloys (Nos, IV and V), and the 
silicon-nickel alloy (No. X). For these 
alloys, losses in tensile strength of 1 to 
8 per cent were observed. The greatest 
loss in tensile strength occurred in the 
case of the high-silicon alloy (No. V). 
The 10 per cent copper alloy (No. II), 
the low-copper, silicon alloy (No. VI), 
the low-copper, high-silicon alloy (No. 

XI) , the high-copper, low-silicon (No. 

XII) , and the low-copper, silicon-nickel 
alloy (No. VIII) all showed increases in 
tensile strength of 1 per cent or less. 
The remaining alloys, including the 14per 
cent copper alloy (No. Ill), the 4 per 
cent copper, 5 per cent silicon alloy 
(No. VII), and the low-copper, silicon- 
nickel alloy (No. IX), showed increases 
in tensile strength of 2 to 4 per cent. 

The changes in elongation during the 
IS yr. of outdoor exposure varied from 
an increase of 6 per cent for the low- 
copper, high-silicon alloy (No. XI) to a 
loss of 33 per cent for the 14 per cent 
copper alloy (No. III). There was no 
change in elongation for the high-^ilicon 
alloy (No. V) or for the low-copper, 
silicon-nickel alloy (No. IX). Alloys 
containing only copper or copper with 
small additions of silicon (Nos. I, II, III, 
and XII) showed the greatest loss in 
elongation although the changes were not 
substantially greater than those ob- 
served for the other alloys such as Nos. 
VI, VII, and VIII containing smaller 
amounts of copper. 

As in the case of the indoor aging 
studies, the bulk of the changes in ten- 
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Fig, 3. — Aging Cliaracteristics of Aluminum-Base Alloy No. I. 



TABLE I.— ALUMINUM-BASE ALLOY NO. I. 


Producer 



Coordinated Chemical Analyses- 

—All Laboratories, per cent 


Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

^ Aluminum 

Other 

Elements 

Nominal Composition. . . 

4.0 



1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Remainder 


C 

4.37 

0.43 

nil 

1.48 

0.01 

0.03 

0.05 

93.63 

nil 

D 

3.51 

0.63 

0.17 

1.50 

0.03 . 

0.03 

0.18 

93.95 

nil 

G 

3.97 

0.32 

0.03 

2.77 

0.02 

0.01 

, nil 

92.80 

tin 0.08 

S 

4.23 

0.59 

0.45 

1.90 

0.02 

0.04 

0.03 

92.74 

nil 

w 

3.80 

0.31 

nil 

2.25 

0.03 

nil 

1 0.08 

93.43 

nil 



Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York, 

N. Y. 

Producer 

As 

Cast 

6 

Months 

1 yr. 

2 yr. 

Syr. 

IS yr. 

As 

Cast 

6 

Months 

2 yr. 

Syr. 

15 yr. 

Tensile Strength, psi. (3^-in. Diameter Round 
Bars) 

Tensile Strength, psi. i 
Fiat Bars) 

(H by H-in. 

C 

29 310 

29 480 

30 360 

30 220 

30 860 

31 380 

23 860 

21 650 

23 130 

25 270 

22 420 

D 

24 600 

28 950 

26 820 

29 850 

29 160 

28 600 

24 010 

26 000 

26 620 

25 370 

24 890 

G 1 

28 210 

29 ,200 

31 940 

32 070 

31 470 

31 960 

24 490 

26 460 

27 990 

27 520 

27 290 

S 

34 330 

34 600 

33 290 

35 240 

36 680 

36 940 

24 770 

24 070 

24 220 

22 870 

21350 

w 

31 990 

33 340 

32 840 

33 160 

34 170 

34 020 

1 

29 770 

28 890 

28 790 

29 930 

i 28 310 

Average 

29 690 

1 31 no 

31 050 

32 no 

32 470 

1 32 580 

25 380 

25 410 

26 150 

26 190 

24 850 


Elongation in 2 in., per cent (M-in. Diameter 

Elongation in 2 in., per cent (M by 




Round Bars) 




3^-m. Flat Bars) 


C. 

4.7 

4.6 

4.4 

4.5 

3.4 

3.3 

3.1 

2.3 

2,1 

3.1 

2.2 

D 

2.8 

4.2 

3.3 ^ 

3.9 1 

3.4 

3.2 

3.7 

2.7 

2,7 

2.8 

2.2 

G 

2.9 

3.3 

3.0 

3.1 

3.9 

2.4 

3.3 

3.0 

2.2 

2.3 

1.9 

S 

4.4 

5.3 

4.5 

3.8 

5.3 

4.7 

3.0 

2.3 

2.2 

2.0 

2.0 

w 

4.5 

3.8 

4.2 

4.2 

3.0 

3.8 

3.0 

4.0 

4.4 

3.8 

3.5 

Average 

3.9 

4.2 

3.9 

3.9 

3.8 

3.5 

3,2 

2.9 

2.7 

2.8 

2.4 


Cliarpy Impact Value, ft-lb. (K-in* Square Bars) 






C 






4.2 






D 






5.5 






G 

5,4 





3.7 






S 

7.5 





6.7 






W 

6.5 











Average 

6.5 





5.0 
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Fig. 4. — Aging Characteristics of Aluminum-Base Alloy No. II. 
TABLE II.— ALUMINUM-BASE ALLOY NO. II. 


Coordinated Chemical Analyses~All Laboratories, per cent 


rroQucer 1 

Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

! 

Aluminum 

Other i 

Elements 

Nominal Composition. . . 

10.0 



1.5 to 2.0 

0.05 Max. 

0.05 Ma.x. 


Remainder 


C 

7.13 

0.38 

nil 

1.96 

0.01 

0.04 

0.16 

90.52 

nil 

D 

8.97 

0.34 

0.05 

1.44 

0.03 

0.13 

0.09 

88.95 

nil 

G 

9.36 

0.31 

nil 

1.71 

0.02 

nil 

nil 

88.60 

nil 

S... 

10.47 

0.44 

nil 

1.44 

0.01 

0.01 

0.05 

87.58 

nil 

W 

8.93 

0.44 

nil 

3.07 

0.03 

nil 

0.20 

87,33 

nil 



Indoor Exposure at New York, N. 

y. 

Outdoor Exposure at New York, 
N. Y. 

Producer 

As 

Cast 

6 

Months 

lyr. 

2yr. 

Syr. 

15 yr. 

As ' 
Cast 

6 

Months 

2 yr. 

5 yr. 

15 yr. 

Tensile Strength, psi. (M-in. Diameter Round 
Bars) 

Tensile Strength, psi. (}4 by 

Flat Bars) 

C : 

34 860 

33 720 

36 490 

37 430 

38 540 

38 850 

31 970 

30 600 

30 130 

28 370 

28 480 

D... 

34 760 

34 490 

36 200 

39 060 i 

38 860 

35 320 

29 080 

32 220 

32 650 

30 920 

30 140 

G 

34 600 

34 920 

34 800 

36 970 1 

37 310 : 

38 680 

29 290 

29 640 

30 940 

29 810 

30 870 

S 

34 750 

37 220 

36 870 

37 710 

38 460 

39 620 

25 080 

29 170 

25 800 

30 660 

28 540 

W 

36 640 

37 220 

37 750 

40 290 

38 910 

40 300 

35 420 

36 540 

35 650 

35 190 

34 600 

Average 

35 120 

35 510 

36 420 

38 290 

38 420 

38 550 

30 170 ‘ 

31 630 

31 030 

30 990 

30 530 


Elongation in 2 in., per cent Diameter 

Elongation in 2 in., per cent (Fs by 




Round Bars) 




H ' ln . Flat Bars) 


C.. 

3.2 ! 

3.8 

2.7 : 

3.1 

2.0 

2.2 

2.4 

v3.1 

2.0 

2.0 

1.9 

D 

1.0 

1.0 

1.4 

2.0 

2.0 

1.5 

1.0 

0.8 

1.2 

2.0 

0.9 

■ G. .......... 

2.9 { 

3.2 

2.9 

2.0 

3.0 

1.5 

2.8 

2.2 

1.6 

1.3 

1 1.5 

■ s ■ i 

1.0 

2.0 

2.6 

1.4 

1.5 4 

, 1.5 

1.1 

1.1 

1.1 

1.0 

1.0 

• W ! 

2.0 1 

2.0 f 

1.8 

1.9 

1.9 1 

1.0 

1,5 

1.5 

1.4 

1.0 

1.8 

Average 

2.0 

2.4 1 

2.3 

2.1 

' 2.1 

1.5 

1.8 

1.7 

■ 1.5 

1.5 

1.4 


Charpy ImpactValue,ft-lb. Square Bars) 






C... 

4.0 





2.6 






D.....:. 

a 





1.9 






. G 

4.1 





2.7 






S 

3.4 





2.3 






. W:... ......... 

2.6 





1.7 






Average...., 

3.5 





2.2 







Test data not available.. 
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Fig. 5. — ^Aging Cliaracteristics of Aluminum-Base Alloy No. III. 

TABLE III.-ALUMINUM-BASE ALLOY NO. III. 


Coordinated Chemical Analyses— -All Laboratories, per cent 


Producer 


Nominal Composition, . 


Copper 


14.0 


Silicon 


Nickel 


Iron 


Manganese 


1.5 to 2.0 


0.05 Max. 


Magnesium 


0.05 Max. 


Zinc 


Aluminum 


Remainder 


Other 

Elements 


C. 

D. 
G. 
.S,, 
W 


11.99 

13.14 

14.29 

13.20 

13.02 


0.43 

0.32 

0.27 

0.53 

0.37 


0.14 

0.12 

nil 

nil 

nil 


1.76 

1.67 

1.72 

1.57 

2.74 


0.02 

0.08 

0.02 

0.01 

0.03 


0.03 

0.03 

0.01 

0.01 

0.02 


0.09 

0.09 

0.03 

0.08 

0.11 


85.54 

84.55 
83.68 
84.60 
83.71 


nil 

nil 

nil 

nil 

nil 



Indoor Exposure at New York , N. Y . 

Outdoor Exposure at New York, 

N. Y. 

Producer 

As 

Cast 

6 

Months 

lyr. 

2 yr. 

5 yr. 

15 yr. 

As 

Cast 

6 

Months 

2 yr. 

5yr. 

15 yr. 

Tensile Strength, psi. G4-in. Diameter Round 
Bars) 

Tensile Strength, psi. (H by J4“in. 
Flat Bars) 

C 

36 820 

38 200 

40 160 

42 190 

33 950 

43 740 

33 630 

35 580 

36 420 

36 380 

34 350 

D 

38 020 

38 920 

40 480 

40 750 

41 050 

39 080 

35 180 

33 300 

36 800 

31 380 

34 320 

G 

34 470 

38 580 

38 030 

41 890 

39 380 

40 620 

32 800 

34 500 

36 730 

37 570 

36 200 

S 

40 580 

39 640 

40 ISO 

39 no 

42 020 

43 900 

32 820 

33 590 

34 590 

32 660 

33 810 

w 

41 580 

40 700 

41350 

41 900 

41 810 

43 410 

37 030 

34 500 

36 510 

38 070 

36 130 


38 290 

39 210 

40 030 

41 170 

39 640 

1 42 150 

34 290 

34 290 

36 210 

35 210 

; 34 960 





1 

1 






Elongation in 2 in., per cent { M - in . Diameter 
Round Bars) 

Elongation in 2 in., per cent (H by 
3^4n. Flat Bars) 

c 

1.6 

1.5 

1.4 

2.0 

6.4 

1.0 

1.0 

2,2 

1.0 

1.3 

1.3 

D 

0.5 

0.5 

1.0 

0.6 

0.9 

0.5 

0.5 

0.8 

1.0 

1.0 

0.6 

G 

3.0 1 

0.9 

1.9 

0.9 

1.2 

1.8 

3.0 

1.0 

1.2 

0.7 

0.5 

S 

1.0 

i.r 

1.5 

0.6 

1.4 

1.0 

1.0 

1.1 

1.0 

1.0 

1.0 

w 

0.5 

t ^ 

1.0 

1.4 

1.4 

1.0 

0.7 

0.6 

1.1 

1.0 

1.0 

0.6 


1.0 

1.4 

1.1 

2.2 

1.0 

1.2 

1.2 

1.0 

1.0 

0,8 

Average. 










Charpy Impact Value, ft-lb. (^-in. Square Bars) 

1 





c 

a 





1 

1.2 






I) 

« 





1,0 






G 

2.2 





0.8 






S 

2.4 











W 

1.8 











Average. 

2.1 





1.2 
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Fig. 6. — ^Aging Characteristics of Aluminum-Base Alloy No. TV. 


TABLE IV.— ALUMINUM-BASE ALLOY NO. IV. 


Producer 



Coordinated Chemical Analyses- 

-All Laboratories, per cent 


Copper 

Silicon 

Nickel 

! 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Other 

Elements 

Nominal Composition. . 


5.0 


1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Remainder 


C 

O.SS 

4.16 

0,01 

1.85 

0.01 

0.07 

0.02 

93.30 

nil 

D 

0-34 

5.07 

nil 

1,48 

0.07 

0.06 

0.44 

92.54 

nil 

G 

0.68 

5.27 

nil 

1.29 

0.02 

0.01 

nil 

92.73 

nil 

S 

0.24 

5.11 

0.22 

1.89 

0.04 

0.01 

o.n 

92.38 

nil 

W 

0.61 

4.41 

nil 

2.53 

0.05 

0.02 

5.90 

86.50 

nil 


Producer 


Indoor Exposure at New York, N. Y. 


ctlt Months! ly'- 1 I i 


Outdoor Exposure at New York, 
N. Y, 


Cast Months I 2 yr. I S yr. 1 15 yr. 


Tensile Strength, psL (M-in- Diameter Round 
Bars) 


C. 

D. 
G. 
S., 
W. 


30 120 
25 6S0 

29 250 
28 900 

30 500 


30 920 
26 690 

30 440 

31 720 
29 120 


31 230 
26 400 
31 350 
31 250 
33 090 


31 350 
25 580 

31 130 
29 980 

32 200 


32 170 
26 800 
31 140 
31 010 
31 700 


31 400 
26 660 

30 460 

31 820 
33 340 


Tensile Strength, psi. by M-in* 
Flat Bars) 


29 480 
23 220 
28 170 

28 690 

29 440 


29 800 
25 310 
27 670 
29 460 
31 080 


29 250 
23 890 
27 840 
26 920 

30 220 


28 260 
26 240 
29 040 
29 610 
29 930 


28 690 
23 380 
27 310 
27 990 
30 310 


Average. 


28 890 


29 780 


30 660 


30 050 


30 560 


30 740 


27 800 


28 660 


27 620 


28 620 


27 540 


Elongation in 2 in., per cent (M-in. Diameter 
Round Bars) 


Elongation in 2 in., per cent (}i by 
34-in. Flat Bars) 


C. 

D. 

G. 

S.. 

w. 


4.5 

2.3 

3.0 

3.1 

2.0 


4.3 
2.6 
3.1 
3.9 

1.3 


4.4 4.4 

2.9 2.3 

4.2 4.2 

3.3 4.0 

1.9 1.5 


5.1 


2.6 


3.8 3.7 

2.8 2.4 

4.0 3.0 

3.7 3.0 

1.7 2.6 


3.9 3.7 
2.8 2.0 
3.9 3.4 
3.4 2.8 
2.0 2.2 


3.0 3.3 

1.5' 2.0 

3.9 3.4 

2.8 3.0 

1.8 2.0 


Average............ 3.0 3.0 


3.3 3.6 3.2 


2.9 3,2 


2.8 2.6 2,7 


Charpy Impact Value, ft-lb. (M-in- Square Bais) 


C. 

D. 

G. 

S.. 

w. 


4.3 

a 

5.7 

6.3 

2.6 


3.4 
3.0 
4.2 

4.5 

1.8 


Average............ , 4.7 


3.4 ■ j 


Test data not available. 
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Fig. 7. — Aging Characteristics of Aluminum-Base Alloy No. V. 

TABLE V.— ALUMINUTVf-BASE ALLOY NO. V. 


Coordinated Chemical Analyses— Ail Laboratories, per cent 


Producer 

Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Other 

Elements 

Nominal Composition. . . 


i 

13.0 


1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Remainder 


C 

0.64 

13.0 

0.08 

1.59 

0.19 

0.09 

0.22 

84.20 

nil 

D 

0.98 

12.96 

0.03 

1.52 

0.09 

0.12 

0.90 

83.40 

nil 

G 

O.IS 

12.42 

nil 

1.89 

0.03 

0.01 

0.03 

85.20 

tin 0.06, 
lead 0.21 

S 

O.OS 

12.97 

0.02 

1.35 

0.02 

0.03 

0.06 

85. .50 

nil 

W 

0.20 

10.72 

nil 

4.34 

0.06 

0.04 

0.60 

84.04 

nil 



iNDOon Exposuse at New York, N. 

Y. 

Outdoor Exposure at New York, 
N. y. 

Producer 

As 

Cast 

6 

Months 

1 yr. 

2 yr. 

Syr. 

15 yr. 

As 

Cast 

6 

Months 

2 yr. 

Syr. 

15 yr. 

Tensile Strength, psi. (?4-ln. Diameter Round 
Bars) 

Tensile Strength, psi. by 

Flat Bars) 

C 

34 020 

35 180 

35 610 

; 35 570 

33 530 

34 320 

34 140 

31 600 

33 800 

32 270 

30 850 

D 

25 810 

27 220 

29 500 

28 090 

t 28 160 

24 330 

a 

28 400 

1 27 500 

25 570 

I 25 600 

G 

28 710 

30 800 

31 520 

; 29 840 

29 330 

28 790 

28 320 

28 380 

30 060 

^ 27 400 

27 040 

S 

34 650 

37 850 

37 440 

36 060 

35 730 

36 720 

31 970 

34 950 

31 200 

33 200 

28 740 

W 

29 670 

29 760 

27 230 

27 700 

30 500 

29 500 

28 780 

28 910 

29 360 

27 280 

28 900 

Average 

30 570 

32 160 

32 260 

31 450 

31 450 

30 730 

30 800 

30 450 

30 380 

29 140 

28 230 


Elongation in 2 in., per cent (M-in. Diameter I 

Elongation in 2 in., per cent (M by 




Round Bars) 




Flat Bars) 


C.... 

1.3 

1.6 

1.5 

1.2 

1.1 1 

1.3 

1.5 

1.7 

0.5. 

1.0 

0.9 

D.... 

0.9 

0.5 ' 

l.S 

1.2 

1.7 

1.1 

1.0 

1.3 

1.0 

1.0 

l.S 

G... 

1.0 

2.0 

2.0 

1.5 

2.0 1 

. 1.5 

0.9 

1.1 

1.0 

1.0 

1.2 

S, 

2.5 

2.2 

1.9 

2.3 

2.1 

2.1 

1.4 

1.9 

1.6 

1.8 

1.7 

. W ^ 

0.5 

l.S 

l.S .! 

1.1 

1.4 

0.8 

1.0 

0.7 

0.8 

0.9 

0.9 

Average. 

1.2 

1.6 

1.7 

1.5 

1.7 i 

1 

1.4 

1,2 

1.3 

1.0 

i.i 

1.2 


Charpy Impact Value, ft-lb. (M-in, Square Bars) 






C 

a 





& i 






D 

u 











G........... 

1.17 





h 






S. 

' a 





b 






W.... ....... 

l.S 





h 






Average............ 

1.3 





1,3 
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Fig. 8. — Aging Characteristics of Aluminum-Base Alloy No. VI. 
TABLE VI.-ALUMINUM-BASE ALLOY NO. VI. 


Coordinated Chemical Analyses— All Laboratories, per cent 


Producer 

Copper 

Silicon 

Nickel 

lion 

Manganese 

Magnesium 

Zinc 

i 

Aluminum 

Other 

Elements 

Nominal Composition. . . 

2.0 

3.0 


1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Reraaindei 


C 

1.91 

2.96 

0.35 

1.30 

0.66 

0.05 

0.42 

92.35 

nil 

D 

1.98 

3.19 

nil 

1.53 

0.04 

0.07 

0.33 

92.87 

nil 

G 

2.06 

3,23 

nil 

1.98 

0.03 

0.01 

0.01 

92.68 

nil 

S 

2.18 

3.27 

nil 

1.86 

0.02 

0.02 

0.04 

92.61 

nil 

W 

2.16 

5.02 

nil 

3.38 

0.06 

0.01 

0.16 

89.21 

nil 



Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York, 
N. Y. 

Producer 

As 

Cast 

6 

Months 

1 yr. 

1 2yr. 

Syr. 

15 yr. 

As 

Cast 

6 

Months 

2 yr. 

Syr. 

15 yr. 

Tensile Strength, psi. (^-in. Diameter Round i 
Bars) 

Tensile Strength, psi. (H by H ~ in . 
Flat Bars) 

C 

30 100 

30 820 

31 140 

32 920 

37 160 

31 880 

25 140 

26 700 

25 490 

26 560 

24 840 

D 

26 460 

28 880 

29 200 

29 990 

28 750 

28 790 

25 940 

23 900 

26 100 

27 650 

25 040 

G 

29 830 

29 740 

30 730 1 

32 070 

32 910 

32 750 

26 470 

26 510 

26 820 

27 160 

27 710 

S 

31 240 

33 120 

32 790 

32 980 

34 180 

34 090 

29 780 

29 400 

30 770 

31 100 

30 840 

W 

32 620 

34 940 

33 870 

33 210 

34 310 

34 950 

32 440 

31 500 

29 970 

30 340 

32 020 

' Average........ 

30 050 

31 500 

31 550 

32 230 

33 460 

32 490 

27 950 

27 600 

27 830 

28 560 

28 090 


I Elongation in 2 in., per cent G4"in. Diameter | 

Elongation in 2 in., per cent (14 by 




Round Bars) 




H-in. Flat B 

ars) 


■ C 

3.7 

3.0 

3.7 

3.8 

1,4 

3.2 

2.3 

2.6 

1.3 

3.5 

2.1 

B 

3.3 

3.3 

2.9 

3.4 

2.5 

1.0 

2.7 

2.1 

2.3 

2.5 

2.2 

G....... 

3.2 

3.7 

4.0 

4.5 

4.2 

4.3 

2.9 

2.8 

.2.S'I 

2.0 

2.7 

S. 

4.0 

4.4 

4.3 

4.0 

3.7 

3.7 

4.2 

2.5 

3.4 

1.0 

3.7 

W 

1.9 , 

2.1 

1.8 

1-6 

2.2 

1.7 

1.7 

1.7 

1.5 

1.5 

1.4 

Average 

3.2 

3.3 

3.3 

3.5 

2,8 

2,8 

2.8 

2.3 

2.2 

2.1 

2.4 


Charpy Impact Value, ft-lb. (34-iu- Square Bars) ' 






C.... 

£S, 


1 

1 


3.5 






D 

a 



1 


3.8 






G 

6.1 





3.9 






S 

5.5 





1.6 






W........... 

2.4 . 





1.7 






Average............ 

4,7 





2.9 







Test data not available. 
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Fig. 9. — Aging Characteristics of Aluminum-Base Alloy No. VII. 
TABLE VII.-ALUMINUM-BASE ALLOY NO. VII. 


Coordinated Chemical Analyses— All Laboratories, per cent 


Producer 



Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Other 

Elements 

Nominal Composition.. . 

4.0 

5.0 


1.5to2.0 

O.OS Max. 

O.OS Max. 


Remainder 


C 

3. S3 

5.11 

0.09 

1.45 

0.20 

0.01 

0.43 

89.18 

nil 

D 

3.86 

5.18 

0.04 

1.51 

0.05 

0.04 

0.38 

88.94 

nil 

G 

3.92 

4.83 

nil 

1.56 

0.16 

nil 

0.08 

88.11 

i tin 0.76, 
lead 0.48 

S 

3.78 

5.08 

0.14 

1.86 

0.02 

0.01 

0.12 

89.21 

nil 

W 

3.53 

5.70 

nil 

3.07 

0.05 

nil 

0.22 

87.43 

nil 



Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York, 

N. Y. 

Producer 

As 

Cast 

6 

Months 

lyr. 

2yr. 

Syr. 

ISyr. 

As 

Cast 

6 

Months 

2 yr. 

5yr. 

15 yr. 

Tensile Strength, psi. G^-in. Diameter 

Round Bars) 

Tensile Strength, psi. 

Flat Bars) 

(M by H-in. 

1 

C 

35 400 

35 980 

36 220 

37 460 

36 800 

38 800 

30 280 

30 140 

i 30 63o! 

30 800' 

29 070 

D 

28 070 

31 820 

31 720 

31 860 

33 080 

31 460 

28 150 

28 730 

28 370 

30 710 

28 950 

G 

29 250 

29 400 

31 000 

30 380 

32 450 

32 880 

27 360 

26 590 

27 490 

25 430 

26510 

S 

33 800 

35 340 

36 100 

35 230 

38 320 

36 310 

26 340 

31 580 

30 050 

28 590 

30 440 

W 

32 820 

32 860 

32 870 

33 760 

34 110 

33 680 

30 390 

30 880 

29 490 j 

30 610 

30 410 

Average 

31 870 

33 080 

33 580 

33 740 

34 950 

34 630 

28 500 

29 580 

29 210 

29 230 

29 080 


Elongation in 2 in. , per cent G-^-in. Diameter 

1 Elongation in 2 in., per cent {% by 




Round Bars) 




>t-m. Flat Bars) 


C 

3.1 

2.6 

2.8 

3.0 

3.0 

2.9 

2.2 

2.3 1 

1.0 

2.0 

2.0 

D 

1.2 

1.3 

1.5 

1.5 

1.7 

1.4 

1.4 

1.0 * 

1.2 

1.0 

1.0 

G 

1.6 

1.5 

2.6 

1.9 

1.7 

1.5 

1.8 

1.5 

2.0 

1.0 

■ 1.4 

S 

1.5 

1.8 

2.0 

1.2 

2.0 

1.3 

1.5 

1.0 

1.0 

1.1 

0.8 

W.. 

1.2 

1.0 

1.3 

1.1 

1.0 

0.8 

1.0 

1.0 

1.0 i 

0.9 

. 1.4 

Average 

1.7 

1.6 

2.0 

1.7 

1.9 

1.6 

1.6 

1.4 

1.2 

1.2 

1.3 


Charpy Impact Value, ft-lb. (M-in. Square Bars) 






C ' . 

3.5 




1 

2,4 






D 

a 





1.3 






G 

3.0 





1.6 






S 

2.3 





1.6 






W..... 

1.7 





1.1 






Average 

2.6 





1.6 







® Test data not available. 
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Fig. 10. — Aging Characteristics of Aluminum-Base Alloy No. VIII. 
‘TABLE VIII.— ALU1VIINUM-BASE ALLOY NO. VIII. 

Coordinated Chemical Analyses — All Laboratories, per cent 


Producer 



Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Other 

Elements 

Nominal Composition. . . 

1.5 

0.75 

2.25 

1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Remainder 


C : 

1.56 

0,46 

1.50 

1.67 

0.02 

0.01 

0.03 

94.75 

nil 

B... 

1.90 

0.85 

2.22 

1.70 

0.05 

0.03 

0.10 1 

93.15 

nil 

G.... 

1.63 

1.43 

1.84 ! 

1.58 

0.10 

0.01 

nil 

93.41 

nil 

S 

1.85 

0.95 

2.38 

1.63 

0.06 

0.03 

0.05 

93.05 

nil 

W 

0.45 

2.06 

0.90 

3.52 

0.08 

0.01 

0.07 

92.91 

nil 



Indoor Exposure at New York, N. 

Y. 

Outdoor Exposure at New York, 

N. Y. 

Producer 

As 

Cast 

6 

Months 

lyr. 

2yr. 

5 yr. 

15 yr. 

As 

Cast 

6 

Months 

2yr. 

5 yr. 

15 yr. 

Tensile Strength, psi. (K-in. Diameter 
j Round Bars) 

Tensile Strength, psi. (H by J^-in. 
Flat Bars) 

C 

31 260 

31 680 

32 880 

32 830 

a 

33 850 

29 380 

27 440 

29 560 

29 440 

28 940 

D 

24 640 

28 540 

28 340 

27 840 

27 820 

27 210 

23 980 

27 080 

26 170 

24 330 

24 760 

G 

27 990 

25 980 

27 680 

26 190 

26 650 

29 900 

26 010 

25 580 

26 510 

27 070 

26 780 

S 

34 850 

33 140 

33 770 

34 350 

35 100 

35 760 

26 200 

27 400 

26 740 

27 300 

26 740 

W 

30 380 

30 440 

31350 

30 200 

25 130 

31 220 : 

28 410 

28 800 

28 850 

27 650 

27 260 

Average 

29 820 

29 960 

1 30 800 

30 280 

28 680 

31 590 

i 

26 800 

27 260 

27 570 

27 160 

26 900 


1 Elongation in 2 in., per cent (34-iu. Diameter 

1 Elongation in 2 in., per cent (M by 




Round Bars) 


! 


Flat Bars) 


■ 'C. 

5.8 

6.2 

6.7 

6.5 

1.6 

5.3 

4.3 

4.7 

2.3 

3.0 

4.0 

D... 

2.5 

3.4 

3.0 

2,9 

3.3 

2.5 

2.1 

2.6 

1.0 

3.0 

2.0 

'■ •G....... 

2.9 

3.0 

3.6 

2.9 

2.9 

3.3 

3.0 

2.7 

2.4 

2.5 

2,1 

■■ s. ........... 

5.0 

4.9 

5.0 

4.8 

5.2 

4.4 

3.0 

2.5 

2.8 

3.0 

2.7 

W..... 

4.7 

4.0 

5.2 

4.3 

2.5 

4.9 

4.1 

4.8 

4.0 

4.0 

3.3 

Average.... 

4.2 

4.3 

4.7 

4.3 

3.1 

4.1 

3.3 

3.5 

2.5 

3.1 

*2.8 


Charpy Impact Value, ft-lb. (K-in. Square Bars) 






'■ 'C...'.. 

'5.2 



mH 


HIM 






D.... ........ 

a 











G.. ......... 

<s 











S.....: .... 

5.6 











W...... .... 

9.4 











Average... . .... .... 

6.7 


■ 

■ 

mm 

4.2 







® data nol^ avaiiabie. 
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TABLE rX-ALUMINUM-BASE ALLOY NO. DC. 




Coordinated Chemical Analyses- 

—All Laboratories, per cent 


Producer 

Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Other 

Elements 

Nominal Composition.. . 4.0 

l.S 

4.0 

1.5„to22.0 

0.05 Max. 

0.05 Max. 


Remainder 


C.,... 4.12 

2.30 

4.31 

1.19 

0.63 

0.01 

0.28 

87.16 

nil 

D 3.86 

1.64 

3.78 

1.15 

0.04 

0.04 

0.23 

89.26 

nil 

G 4.07 

1.46 

3.68 

1.74 

0.03 

0.01 

nil 

89.01 

nil 

S 4.15 

l.SS 

3.83 

1.68 

0,06 

0.02 

0.12 

88,59 

nil 

W 3.28 

3.58 

1.06 

4.97 

0.08 

0.01 

0.18 

86.84 

nil 


INDOOE Exposure at New York, N. Y. Expootee at New York, 


ctst Months ctst Months ^ yr- 5 yr. 15 yr. 

Producer — — ... ^ — 

Tensile Strength, psi. Diameter Tensile Strength, psi. (H by 

Round Bars) Flat Bars) 


C 

32 180 

31 300 

37 560 

37 260 

35 410 

36 430 

28 930 

32 240 

29 650 

30 840 

29 830 

D 

25 770 

29 180 

27 840 

29 230 

29 170 

27 970 

1 24 690 

27 160 

25 090 

25 180 

23 730 

G 

31 850 

31 780 

31 500 

34 370 

35 000 

35 060 

1 28 680 

29 140 

27 860 

29 500 

28 680 

S 

36 690 

36 620 

35 590 

37 600 

i 38 440 

1 39 120 

1 24 480 

27 000 

26 130 

23 780 

29 050 

W 

38 580 

38 740 

39 640 

39 470 

40 210 

41 360 

32 120 

33 580 

32 910 

33 350 

33 520 

Average 

33 010 

33 520 

34 430 

35 590 

35 650 

35 990 

27 780 

29 820 

28 330 

28 530 

28 960 


Elongation in 2 in., per cent (K- 

■in. Diameter I 

1 Elongation in 2 in., per cent (34 by 




Round Bars) 





Flat Bars) 


C. 

0.7 

1.4 

1.7 

1.0 

1.1 

1.0 

1.0 

. 1.5 

0.5 

1.0 

0.7 

'D 

1.0 

1.0 

l.S 

1.5 

1.9 

2.9 

1.0 

1.0 

1.0 

1.5 

1.2 

G 

1.8 

2.0 

1.5 

1.8 

1.8 

1.0 

1.6 

2.0 

1.4 

1.2 

1,5 

S 

1.8 

2.0 

1.9 

2.5 

2.0 

1.8 

1.0 

1.3 

1.0 

1.1 

1.0 

W..,. 

l.S 

1.5 

1.8 

2.0 

1.5 

l.S 

1.2 

1.5 

1.0 

1.5 

l.S 

Average 

1.4 

1.6 

1.7 

1.8 

1.7 

1.6 

1.2 

T.5 

1.0 

,1.3 

1.2 


Charpy Impact Value, ft-lb. (M-in. Square Bars) 






C.. 

1.9 




1 

1 

1.1 






D 

a 





1.2 






G..., 

2.8 





1.6 






S............ 

2.7 





0.6 






W...... 

2.6 





1.8 






Average.-, — 

2.5 





1.3 







* Test data not availabko 
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Fig. 12. — Aging Characteristics of Aluminum-Base Alloy No. X. 
TABLE X,— ALUMINUM-BASE ALLOY NO, X. 


Coordinated Chemical Analyses— All Laboratories, per cent 


Producer 









Other 

Elements 


Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Nominal Composition.. . 


2.0 

5.0 

1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Remainder 


C. 

0.44 

2.06 

4.39 

1.05 

0.73 

0.09 

0.09 

91.5 

nil 

D 

0,20 

2.30 

4.54 

1.00 

0.05 

0.04 

0.27 

91.60 

nil 

G 

0.52 

1.93 

4.61 

1.47 

0.04 

0.01 

0.08 

91.34 

nil 

S 

0.32 

2.03 

4.89 

1.63 

0.07 

0.04 

0.13 

90.89 

nil 

W 

0.76 

1.78 

4.29 

1.88 

0.06 

Trace 

0.24 

90.99 

nil 



Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York, 
N. Y. 


As 

Cast 

6 

Months 

1 yr. 

2 yr. 

Syr. 

IS yr. 

As 

Cast 

6 

Months 

2yr. Syr. 

15 yr. 


Tensile Strength, psi. (K-in. 

Round Bars) 

. Diameter 

j Tensile Strength, psi. (H by M-in. 
Flat Bars) 

C 

33 420 

31 920 

33 720 

31 740 

32 820 1 

34 660 

30 320 

31 940 1 

29 010 30 600! 

29 670 

D.... 

23 690 

23 720 

23 700 1 

24 230 

22 980 1 

23 000 

21 030 

21 180 

22 770 21 290 

18 170 

G 

27 650 

28 640 

27 980 ! 

25 040 

29 580 

28 930 

25 440 

25 300 

25 700 24 820 

25 580 

S 

32 340 

32 800 

32 250 ' 

32 710 

32 450 

32 630 

26 980 

28 150 

27 020 27 890 

26 460 

W.... 

28 200 

28 580 

29 990 

29 310 

30 no 

30 720 

27 520 

27 870 

28 150 26 700 

26 360 

Average 

29 060 

29 130 

29 530 

28 610 

29 590 

29 990 

26 260 

26 890 

26 530 26 260 

25 250 


Elongation in 2 in., per cent (K-in. Diameter Elongation in 2 in., per cent (K by 

Round Bars) J^-in. Fiat Bars) 


C 

2.8 

2.3 

2.5 

2.8 

2.1 

2.7 

2.3 

2.6 

i.o 

2.0 

1.8 

D 

1.7 

1.5 

2.5 

1.7 

1.9 

2.0 

1.7 

1.4 

1.7 

1.5 

1.5 

G 

1.8 

3.0 

2.3 

1.6 

2.1 

2.4 

1.9 

2.2 

1.9 

1.6 

1.8 

S. .......... 

1.9 

2.6 

2.8 

3.1 

2.9 

2.0 

1.5 

1.4 

1.3 

1.5 

1.8 

.W... ........ 

1.5 

2.3 

2.8 

2.3 

2.4 

2,0 

1.7 

2.0 

2.1 

2.5 

1.5 

Average. 

1.9 

2.3 

2.6 

2.3 

2,3 

2.2 

1.8 

1.9 

1.6 

1.8 

1.7 


Charpy Impact Value, ft-lb. (M-in. Square Bars) 






C 

3.2 





2.3 






D........... 

a 





2.0 






G 

2.0 





2.2, .,| 






S 

3.3 





2.9 1 






- W........... 

3.2 





2.9 






Average..... 

2.9 





2.5 
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Fig. 13. — Aging Cliaracteristics of Aluminum-Base Alloy No. XI. 

TABLE XI.— ALXJMINUM-BASE ALLOY NO. XI. 


Coordinated Chemical Analyses — All Laboratories, per cent 


rroaucer 

Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluniinum 

Other 

Elements 

Normal Composition.. . . 

2.0 

8.0 


1.5 to 2.0 

O.OS Max. 

0.05 Max. 


Remainder 


C 

2.0 

7.48 

0.67 

0.99 

0.70 

0.02 

0.10 

88.04 

nil 

D 

0.33 

7.95 

nil 

1.40 

0.04 

0.03 

0.51 

89.74 

nil 

G 

2.09 

7.65 

nil 

0.90 

0.03 

0.03 

0.06 

89.08 

tin 0.16 

S 

2.07 

7.30 

0.21 

1.92 

0.02 

0.04 

0.08 

88.36 

nil 

W 

1.46 

6.86 

0.37 

2.91 

0.04 

0.01 

0.36 

87.99 

nil 



Indoor Exposure at New York, N. 

Y. 

Outdoor Exposure at New York, 

N. Y. 

Producer 

As 

Cast 

6 

Months 

lyr. 

2 yr. 

5yr. 

15 yr. 

As 

Cast 

6 

Months 

2 yr. 

Syr. 

15 yr. 

Tensile Strength, psi. (K-in. Diameter 

Round Bars) 

Tensile Strength, psi. Q/% by J-^-in. 
Fiat Bars) 

C 

37 690 

37 280 

36 460 i 

39 410 

38 970 

38 600 I 

30 210 ^ 

31 680 

30 840 

31 840 

30 510 

D 

28 650 

30 920 

30 560 

29 550 

28 640 

30 780 ! 

27 250 

28 520 

29 440 

28 170 

28 850 

G 

31 700 

31 540 

32 220 

31 830 

32 900 

35 040 1 

31 960 

31 160 

30 840 

31 610 

28 290 

S 

34 440 

35 020 

34 230 

34 650 

35 770 

35 940 

27 540 

28 800 

28 430 

30 040 

28 590 

W 

29 190 

30 400 

29 800 

30 480 

32 380 

30 270 

26 140 

29 200 

31 200 

28 020 

28 220 

Average 

32 330 

33 030 

32 650 

33 180 

33 730 

34 130 

28 620 

29 870 

30 ISOj 

29 940 

28 890 


1 Elongation in 2 in., percent (J<^-in. Diameter 

1 Elongation in 2 in., per cent 0^ by 




Round Bars) 





Flat Bars) 


C 

2.7 

3.1 

2.9 

2.9 

3.1 

2.6 

2.1 

2.0 

1 1.1 

1.5 

1 1.5 

D 

2.0 

2.1 

2.7 

2.4 

1.9 

2,0 

1.7 

1.8 

1.8 

1 1.8 

|. 2.2 

G 

1.8 

2.1 

2.1 

2.0 

2.0 

2.0 

2.6 

2.4 

2.0 

2.0 

2.5 

S 

1.0 

1.8 

1.8 

2.0 

1.9 

1.5 

1.0 

1.1 

1.0 

1.6 

1.0 

W 

0.9 

1.3 

1.3 

1.6 

1.4 

0.5 

0.5 

1.0 

1.0 

; 0.5 

1.5 

Average 

1.7 

2.1 

2.2 

2.2 

2.1 

■ 

1.7 

1.6 

1.7 

1.4 

1..S 

: 1.7 


Charpy Impact Value, ft-lb. (K-in. Square Bars) 






C..... 

3.6 





2.2 






D.,... 

a 





2.6 






G 

3.7 





2.0 






S... 

2.5 





2.0 






W 

1.6 





1.2 






Avera ge. 

2.8 





2.0 

i 






® Test data not available. 
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Fig. 14.“"Aging Characteristics of Aluminum-Base Alloy No. XII. 
TABLE XII.— ALUMINUM-BASE ALLOY NO. XII. 


Coordinated Chemical Analyses— All Laboratories, per cent 


Producer 



Copper 

Silicon 

Nickel 

Iron 

Manganese 

Magnesium 

Zinc 

Aluminum 

Other 

Elements 

Nominal Composition.. . 

8.0 

1.0 


1.5 to 2.0 

0.05 Max. 

0.05 Max. 


Remainder 


C 

7.62 

0.72 

0.10 

1.74 

0.01 

0.02 

0.04 

89.75 

nil 

D 

7.86 

1.20 

0.04 

1.60 

0.02 

0.18 

0.14 

88,96 

nil 

G 

7.90 

1.17 

nil 

1.00 

0.02 

0.03 

0.07 

89.41 

tin 0.4 

S 

7. 55 

1.48 

nil 

1.97 

0.01 

0.03 

0.09 

88.87 

nil 

W 

6.83 

3.08 

0.03 

2.57 

0.05 

0.01 

0.12 

87.31 

nil 



Indoos Exposure at New York, N. 

Y. 

Outdoor Exposure at New York, 
N. Y. 

Producer 

As 

Cast 

!' 6 

Months 

1 

1 yr* 

2 yr. 

5 yr. 

IS yr. 

As 

Cast 

6 

Months 

2 yr. 

Syr. 

IS yr. 

Tensile Strength, psi. 

Round Bars) 

. Diameter 

Tensile Strength, psi. (% by H~in, 
Flat Bars) 

C... 

34 880 

35 400 

36 640 

37 830 

37 470 

39 140 

31 140 

27 930 

28 610 

29 590 

30 680 

D..... 

32 380 

35 820 

35 980 

35 830 

36 040 

34 540 

31 950 

32 820 

28 300 

29 780 

30 000 

G 

30 840 

31 520 

26 270 

30 390 

32 760 

33 820 

24 630 

24 880 

25 800 

27 090 

25 520 

S 

34 670 

36 380 

36 850 

38 930 

40 890 

39 570 

32 910 

35 800 

36 240| 

35 940 

35 100 

W 

35 640 

35 120 

37 080 

36 390 

33 580 

38 780 

34 170 1 

33 160 

32 870 

35 040 1 

34 500 

Average 

33 680 

34 850 

34 560 

35 870 

36 150 

37 170 

30 960 

30 920 

30 360 

31 490 

31 160 


1 Elongation in 2 in . , per cent (M-in. D iameter 

I Elongation in 2 in., per cent (M by 




Round Bars) 




Flat Bars) 


c......' 

2,3 

2.8 

2.8 

2.8 

2.1 

2.0 

2.8 

. 1.8 

^ 0.8 

1.3 

1.5 

. ■■■ B 

1.0 

1.5 

1.5 

1.1 

1.3 

1.0 

1.2 

1,3 

1.0 

[ 0.8 

1.3 

G. 

1.7 

2.0 

1.7 

1.8 

1.5 

1.7 

1.7 

1.4 

1.2 

1 1.0 

^ l.S 

s.. 

2.5 

1.9 

2.4 ' 

1.6 

2.3 

1.8 

2^ 

1 5 

? 0 

1 8 

1 3 

. w............ 

2.0 

1,5 

1.6 

1.8 

1.0 

0.8 

2.0 

1.0 

, 1.2 . 

i.’o 

1.5 

Average....... 

1-9 

1.9 

2.0 

1.8 

1.6 

1.5 

2.0 

1.4 

1.2 

1.2 

1.4 


Charpy Impact Value, ft-Ib. <K-in* Square Bars) 







3.7 





2.0 






■■ 'D.*.,......., 






1.7 






■ ■■■'G....:.. 

3.9 





1.9 






S.. 

4.0 





2.7 






■w............. 

2.3 





1.5 






Average............ 

3.5 





2.0 







^ Test data not available. 
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sile strength occurred during the first 
2 yr. of the outdoor exposure. The 
continued loss of elongation after this 
period of time^ noted in the case of the 
indoor aging testSj was not observed in 
the outdoor studies. 

If consideration is given to the aging 
of the alloys and the extent of corrosion 
estimated as the net change in tensile 
strength occurring between the shelf-life 
aging and the outdoor exposure tests, all 
of the aluminum-base alloys showed net. 
losses in tensile strength of 5 to 12 per 
cent. This conclusion is based on the 
assumption that the percentage change 
in tensile strength due to aging was essen- 
tially the same for both the round speci- 
mens exposed indoors, and for the flat 
specimens exposed outdoors. The per- 
centage change in tensile strength occur- 
ring as a result of indoor aging was 
therefore applied as a correction to the 
tensile strength observed in the outdoor 
tests in evaluating the combined effect 
of aging and corrosion. For example, if 
the tensile strength of an alloy after 
IS yr. of outdoor exposure was 102 per 
cent of the initial tensile strength, while 
the gain due to indoor aging was' 5 per 
cent, it was concluded that there had 
been a net loss of 3 per cent due to 
corrosion. 

ZAnc-Base Alloys: 

In analyzing the data presented in 
Tables XIII to XXI and Figs. 15 to 24 
for the zinc-base die-casting alloys it is 
necessary to consider not only the effect 
of variations in composition on the aging 
characteristics and corrosion resisting 
properties, ■ but also the effect of the 
various grades of zinc used in compound- 
ing the different alloys. This considera- 
tion is necessary because it has been 
shown that small percentages of certain 
impurities, notably lead, tin, and cad- 
mium, have a marked effect upon the 
aging characteristics of zinc-base alloys. 


It should be noted that, in the case of 
some of the zinc alloys, such wide de- 
parture from the nominal composition 
occurred in the case of certain producers 
as to make the average physical proper- 
ties of specimens from the- several pro- 
ducers questionable except in so far as 
the results of these tests indicate a broad 
over-all trend. This we believe, is indi- 
cated by the 15-yr, data. To permit 
evaluation of these trends, the various 
alloys have been divided into four groups 
for purposes of analysis. These are: 

Group A 

Alloy No. XIII: 0.25 per cent aluminum, 
5 per cent copper, remainder High-Grade 
Zinc. 

Group B 

Alloy No. XVII: 3 per cent aluminum, 3 

. per cent copper, 0.3 per cent magnesium, 
remainder High-Grade Zinc. 

Group C 

Alloy No. XVIII-A: 0.5 per cent alumi- 
num, 3 per cent copper, 6 per cent tin, 
remainder Prime Western Zinc. 

Alloy No. XVIII-B.": 0.5 per cent alumi- 
num, 3 per cent copper, 6 per cent tin, 
remainder High-Grade Zinc. 

Group D 

Alloy No. XIV: 4 per cent aluminum, 3 
per cent copper, remainder High-Grade 
Zinc. 

Alloy No. XX: 4 per cent aluminum, 3 
per cent copper, remainder a special 
grade of zinc (minimum, 99.75 per cent 
zinc) known as Electro-Engraver^s Spe- 
cial. 

Alloy No. XV : 4 per cent aluminum, 3 
per cent copper, 0.1 per cent magnesium, 
remainder High-Grade Zinc. 

Alloy No. XVI: 4 per cent aluminum, 3 
per cent copper, 0.1 per cent magnesium, 
remainder Special High-Grade Zinc (min- 
imum, 99.94 per cent zinc). 

Alloy No. XXI: 4 per cent aluminum, 3 
per cent copper, 0.1 per cent magnesium, 
remainder Special High-Grade Zinc (min- 
imum, 99.98 per cent zinc) . 

Alloy No. XIX: 4 per cent aluminum, 2 
per cent copper, 0,1 per cent magnesium, 
0.02 per cent nickel, remainder Special 
High-Grade Zinc (minimum, 99.94 per 
cent zinc). 
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Fig. 15. — Aging Characteristics of Zinc-Base Alloy No. XIII. 
TABLE XIII.— ZINC-BASE ALLOY NO. XIII. 


Coordinated Chemical Analyses— All Laboratories, per cent 


Producer 

Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

Grade of Zinc 

Nominal Composition 

0.25 

5.0 





Remainder 

High Grade 

G 

0.23 

4.90 

nil 

0.049 

0.027 

0.03 

Remainder 


D 

0.33 

4.62 

0.0032 

0.036 

0.046 

0.027 

Remainder 


R 

0.25 

4.45 

0.003 

0.042 ! 

0.0099 

0.044 

Remainder 


S 

a 

a 

a 

o j 


a 

a 


T 

0.24 

5.44 

0.0028 

0.040 

0.079 

0.003 

Remainder 




Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New 
York, N, Y. 


As Cast 

6 Months 

lyr. 

2 yr. 

IS yr. 

As Cast 

6 Months 

2 yr. 

IS yr. 

1 

Producer 

Tensile Strength, psi. (M-in. Diameter I 

Tensile Strength, psi. (H by }4- 



Round Bars) 



in. Flat Bars) 


C 

22 580 

23 410 

22 230 

20 350 

21 120 

18 600 

21 110 

20 610 

11 320 

H 

29 730 

29 080 

26 880 

25 660 

16 160 

25 800 

25 660 ' 

21 690 

13 870 

R 

24 340 

24 510 

24 440 

21 970 

17 040 

23 610 

23 680 1 

19 510 

9 340 

S 

a 

28 920 

25 410 

25 670 

14 550, 

25 260 

24 260 

22 630 

8 840 

T 

29 580 

26 700 

26 620 

25 710 

5 380^ 

27 600 

25 640 ! 

21090 

7 740 

Average 

26 560 

26 520 

25 120 

23 870 

14 380 

24 170 

24 070 

21 110 

10 220 


1 Elongation in 2 in. , per cent (M-in* Diameter 

1 Elongationm2in.,percent(34by 



Round Bars) 



)^-m. Flat Bars) 


C 

0.5 

1.0 

0.6 

0.9 

0.6 1 

0.5 

0.5 

1.0 

0 

D 

1.6 

1.0 

1.5 

0,8 

0.5 

1.3 

1.0 

0,8 

1.0 

R. 

1.0 

1.2 

2.0 

1.0 

1.0 ’ 

1.0 

0.8 

0.5 

0.6 

S 

o 

1.0 

0.6 

1.5 

0.5 

1.0 

1.0 

1.0 

0.5 

, T 

1.5 

0.5 

1.2 

1.0 

0.8 

1.5 

1.0 

0.9 

0.0 

Average 

1.2 

0.9 

1.2 

1.0 

0.7 

1.1 

0.9 

0.8 

0.4 


1 Charpy Impact Value, ft-lb. (M-in. 







Square Bars) 






• C........ 

0.75 ! 




0.47 





■ B . 

1.00 




0.30 





■.'.R.... ........... 

0.75 




0.30 





S. ’ 

a ' ■ 




c 





T.. 

1.00 




0.30 





Average 

0.88 




0.30 






® Test data not available. No test specimens available. 

’ Average of 2 tests. 8 specimens broke in applying gage marks. 
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Group Alloy No. XIII showed 
about the same loss in tensile strength 
during shelf-life aging as on outdoor 
aging through the first 2-yr. exposure, 
after which the outdoor exposure caused 
a somewhat greater loss in tensile 
.strength. A similar effect was noted in 
the elongation. After 15 yr. of indoor 
aging the impact strength decreased to 
about one third of the original value and 
the actual impact strength was very 
low, being but 0.3 ft-lb. 

Group B , — Alloy No. XVII showed 
somewhat less loss in tensile strength and 


loss in tensile strength due to shelf-life 
aging than did those made from Prime 
Western Zinc. However, in the outdoor 
exposure tests there appeared to be no 
difference in the corrosion resistance of 
these two alloys. In both alloys the loss 
in tensile strength was more than 60 per 
cent. Unfortunately a good comparison 
is difficult because alloy No. XVIII-B 
was die-cast by only one producer as 
compared to alloy No. XVIII-A which 
was die-cast by four producers. Impact 
data are lacking for alloy No. XVIII-B, 
but in the case of alloy No. XVIII-A 
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Fig, 16.— Aging Characteristics of Zinc-Base Alloy No. XIV, 


elongation than alloy No. XIII during 
both indoor and outdoor aging. It also 
showed very little difference in the effect 
of indoor and outdoor aging during the 
first 2 yr. After 15-yr. exposure, the 
loss in tensile strength and elongation 
was somewhat greater for the outdoor 
than for the indoor aging tests. The, loss 
in impact strength was less than that 
shown by any other alloy although the 
actual value of 0.7 ft-lb. is quite low. 

Group C.— “In the case of alloys Nos. 
XVIII-A and XVIII-B, those specimens 
made from High-Grade Zinc showed less 


the impact strength decreased by more 
than 75 per cent during 15 yr. of indoor 
aging. 

Group D, — Alloys Nos. XIV, and XX, 
which have similar compositions except 
that the former was made from High- 
Grade Zinc and the latter from Electro- 
Engraver’s Special Zinc (minimum, 99.75 
per cent zinc), showed marked differ- 
ences in their aging characteristics. 
The alloy made from the High-Grade 
Zinc showed greater loss in tensile 
strength, both on indoor and outdoor 
aging, than did the alloy made from the 
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Electro-Engraver’s Special Zinc. The 
effect of the basis metal on elongation 
was equally marked, but this loss was 


When 0.1 per cent of magnesium was 
added to an alloy having otherwise the 
same composition as that of alloy No. 


TABLE XTV.-ZTNrC-BASE ALLOY NO. XTV. 


s per cent 


Producer 

Alu- 

minum 

1 Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

Grade of Zinc 

Nominal Composition 

4.0 

3.0 





Remainder 

High Grade 

C...... 

3.37 

3.48 

nil 

0.035 

0.037 

nil 

Remainder 


B ■■ i 

3.87 

3.21 

0.0024 

0.035 

0.035 

0.029 

Remainder 


B. ^ 

3.79 

4.45 

0.0049 

0,034 

0.012 

0,041 

Remainder 


S 

4.21 

3.81 

0.0050 

0.044 

0.027 

0.003 

Remainder 


T 

3.83 

2.86 

0.0017 

0.040 

0.002 1 

0.011 

Remainder 


Z 

a 

a 

a 

a 

a 

a 

a 



IimooR Exposure at New York, N. Y. 


Outdoor Exposure at New 
York, N. Y. 


Producer 

As Cast 1 

6 Months 

lyr. 1 

2 yr. 

15 yr. 

As Cast 

6 Months 

2 yr. 

15 yr. 

Tensile Strength, psi. (M-in. Diameter . 
Round Bars) 

Tensile Strength 
i n. Flat 

, mi. by K" 

. Bars) 

■ c..: 

44 260 

43 810 

! 44 450 

43 600 

17 630^ 

42 180 

40 100 

33 430 

10 440 

D 

41 750 

43 180 

43 640 

39 710 

520*^ 

41 990 

41 510 

, 33 160 

9 620, 

R 

41 710 

1 38 640 

39 910 

33 610 

0^ 

42 340 

38 710 

1 26 520 

420-^ 

S.. 

a 

44 620 

43 730 

43 910 

11 420 1 

43 940 

43 250 

35 190 

11 230 

T 

40 850 

1 42 880 

38 920 

36 570 

6 840 

40 040 

43 710 

31 800 

7 730 

Z 

38 030 

I 40 480 

38 110 

36 970 

11 370 

38 870 

37 920 

32 660 

5 550 

Average — 

41320 

42 270 

41460 

39 060 

7 960 

41 560 

40 870 

32 130 

7 500 


Elongation in 2 in 

., per cent (M-iu. Diameter 1 

Elongation in 2 in., per cent (H by 



Round Bars) 



Flat Bars) 


C 

3.5 

3.2 

3.0 

2.5 

0.5 

1.9 

1.0 

1,0 

0.0 

D. 

3,5 

1.3 

2.0 

1.0 

0.0 

1.4 

1.0 

0.5 

0.5 

R 

1.0 

1.5 

1.0 

1.0 

0.0 

1.5 

1.0 

0.5 ' 

0.0 

S.. 


2.8 

2.1 

2.9 

0.5 

2.6 

2.1 

0.8 

0.4 

T 

3.8 

4.4 

2.5 

1.7 

0-1 

3.0 

2.5 

1.6 

0.0 

Z, 

3.5 

4.2 

2.3 

2.0 

0.5 

3.5 

3.1 

2.7 

1.0 

Average 

3.1 

2.9 

2.2 

■ 1.9 

0.3 

2.3 

1.8 

1.2 ' 

0.3 


i Charpy Impact Value, 

ft-lb. (K-in. I 







S< 

3 uare Ban 

5) 

1 





C 

2.75 




0.24 





D. 

3.25 




& 






2.25 




0.20 






5.00 




0.40 





■ T 

7.00 




0.30 





Z 

a 




h 





Average............. 

4.05 




0.28 






“ Test data not available. 

® No test specimens available. 

yOnly one specimen could be tested. Others fell apart in shelf-life storage. 
“ Average of 6 specimens. 4 specimens broke before testing. 

* All spfecimens broke as gage marks were put on them. 

/ Only one specimen tested. Others fell apart on roof-exposure racks. 


not SO evident as was the loss of impact 
strength on indoor aging. Both alloys 
have impact strengths of only 0.3 ft-lb. 
after 15 yr. 


XIV, there was less loss ■ in tensile 
strength or elongation, both in the indoor 
and outdoor exposure tests. Whereas 
on shelf-life aging, the magnesium-fres 
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Fig. 17. — ^Aging Characteristics of Zinc-Base Alloy No. XV. 
TABLE XV.-ZINC-BASE ALLOY KO. XV. 


Coordinated Chemical Analyses— -All Laboratories, per cent 


Producer 

Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

Grade of Zinc 

Nominal Composition 

4.0 

3,0 

0.1 




Remainder 

High Grade 

C 

3.96 

3.00 

0.10 

0.032 

0.013 

nil 

Remainder 


D 

4.02 

2.97 

0.10 

0.027 

0.051 

0.005 

Remainder 


R 

3.83 

3.07 

0.07 

0.032 

0.012 

0.009 

Remainder 


S 

4.04 ! 

2.75 

0.14 

0.041 

0.024 

0.016 

Remainder 


T 

a 

a 

a 

a 

a 

a 

a 


Z 

3.87 

3,11 

0.11 

0.060 

0.025 

0.0007 

Remainder 




Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New 
York, N. Y. 

Producer 

As Cast 

6 Months 

1 yr. 

[ 2 yr. 

IS yr. 

As Cast 

6 Months 

2yr. 

15 yr. 

Tensile Streng 

th. psi. (K in. Diameter 1 

1 Tensile Strength, psi. (M by K- 



R 

ound Bars) 



in. Flat 

Bars) 


C... 

46 280 

47 220 

51 500 

55 ISO 

50 120 

43 680 

’49 130 

40 500 

34 850 

D 

46 830 

43 770 

47 680 

47 660 ! 

6 

45 940 

44 310 

42 250 

27 760 

R 

51 450 

49 600 

52 290 

55 550 1 

41 000 

51 630 

49 680 

46 350 

38 910 

S........ 

o 

45 670 

46 870 

48 430 1 

34 670 

45 490 

44 340 

42 010 

34 160 

T. 

43 120 

42 240 

45 040 

48 5.50 ! 

30 520 

45 240 

42 210 

39 070 

27 860 

Z 

40 270 

42 860 

42 170 

45 330 1 

27 510 

36 460 

43 520 

37 180 

18 340 

Average 

45 590 

45 230 

47 590 

SO no 

36 760 

44 740 

45 530 

41 230 

30 330 


Elongation in 2 in., percent Diameter 1 

1 Elongation in 2 in., percent (Mhy 



Round Bars) 



K-in. Flat Bars) 


C 

3.3 

3.8 

5.0 

3.4 


2.1 

2.1 

1.1 

1.0 

D 

1.6 

1,7 

2.5 

1,5 

b 

1.5 

0.7 

Ll 

1.0 

R 

1.0 

1.5 ' 

2.0 

1.9 

1.0 

1.0 

2.1 

0.6 

0.0 

S 

a 

2.2 

2.5 

2.0 

1.0 

1.8 

2.0 

1,8 

0.9 

T 

1.6 

0.9 

1.0 

1.0 

0.5 

' 1.9 

2.0 

1.6 

0.0 

Z.. 

2.4 

2.5 

2.3 

2.2 

0.5 

1,3 

2.0 

1.0 • 

1.0 

Average 

2.0 

2.1 

2.6 

2.0 

0.8 

1,6 

1.8 

1.2 

0,6 


Charpy Impact Value, fl-lb. G4*in. Square Bars) ■ 





. C 

4.75 




0,93 





D 

3.25 









R...... 

7,00 




0.60 





. s..... 

4.75 




0.60 





T.V. 

a 




6 





Z....... ........ 





0.40 






Average. 


0.63 









TABLE XVI.-ZINC-BASE ALLOY NO. XVI. 

Coordinated Chemical Analyses—All Laboratories, per cent 


Producer 

Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

Grade of Zinc 

Nominal Composition 

4.0 i 

3.0 

0.1 




Remainder 

Special High 

Grade* (99.94 
per cent Zn) 

C 

4.26 

3.07 

0.11 

0.037 

0.005 


Remainder 


D 

3.99 

3.02 

0.09 

0.045 

0.0059 

0.004 

Remainder 


S 

4.08 

2.82 

0.13 

0.038 

0.0041 

0.016 

Remainder 


T 

a 

a 

a 

a 

a { 

a 

a 


Z 

3.77 1 

3.04 

0.11 

0.038 

0.002 

0.0008 

Remainder 




Indook Exposure at New York, N. Y. 

Outdoor Exposure at New 
York, N. Y. 

Producer 

As Cast 

6 Months 

1 yr. 

2 yr. 

IS yr. 

As Cast 

6 Months 

2 yr. 

15 yr. 

Tensile Strength, psi. (Ji-in. Diameter 

Tensile Strength, psi. (14 by 



Round Bars) 



in. Flat 

Bars) 


C 

49 060 

47 640 

48 260 

54 760 

46 220 

42 S90 

47 490 

39 390 

29 050 

D 

48 810 

46 210 

47 180 

51 710 

b 

46 530 

48 400 

45 300 

32 640 

S 

a 

44 960 

44 200 

46 550 

33 560 

43 800 

44 110 

40 120 

28 130 

T 

44 910 

45 460 

43 260 

48 660 

30 720 

45 280 

46 430 

42 910 

31 380 

Z.. 

40 090 

a 

41 510 

47 750 

42 930 

40 590 

42 300 

39 650 

29 490 

Average 

45 720 

46 070 

44 880 

49 890 

38 360 

43 760 

45 750 

41 470 

30 140 


Elongation in 2 in., per cent (J^-in. Diameter 

Elongation in 2 in . , per cent (M by 



Round Bars) 



^-in. Flat Bars) 


C...., 

3.4 

3.6 

4.4 

2.7 

1.0 

0.5' 

1.0 

0,8 

1.0 

D 

2.2 

2.2 

2.5 

1.5 

6 

1.2 

.1.0 

1.0 

1.0 

' 's,.... : 

d 

2.5 

2.3 

2.5 

1.0 

1.8 

1.9 

1.0 

1.0 

T 

1.2 

1,9 

1,3 

1.1 

0.5 

1.6 

1.7 

1.6 

0.0 

Z. 

2.1 

a 

2.3 

2.5 

0.5 

1.5 

1.5 

1.1 

1.0 

Average............. 

2.2 

2.5 

2.6 

2.1 

0.8 

1.3 

1.4 

1.1 

0.8 


Charpy Impact Value, ft-lb. (M-iu* Square Bars) 





G.,..., 

4.75 




0.91 





' D.,... ... 

5.00 




b 





S....... 

6.00 




2.30 





T......... 

a 




b 





. .. ■ ■ ■■ Z • 

5.50 




3.30 





..'Average,' 

5.31 




1.84 






“ Test data not available. ^ Lead plus cadmium, 0.06 per cent maximum, tin, none, zinc, 99.94 per cent 

® No test specimens available. minimum. 
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AGING TIME, YR. 

Fig. 19.— -Aging Characteristics of Zinc-Base Alloy No. XVII. 
TABLE XVII.— ZINC-BASE ALLOY NO. XVII. 


Producer 


Nominal Composition . 

C 

B 

R.:.... 

s 

T 


Coordinated Chemical Analyses — All Laboratories, per cent 


Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

Cad- 
mium ; 

Tin 

Zinc 

Grade of Zinc 

. 3.0 

3.0 

0.3 




Remainder 

High Grade 

a 

a 

a 

a 

a 

a 

a 


‘ 3.07 

a 

2.94 

a 

0.31 

a 

0.027 

a 

0.043 

a 

0.002 

a 

Remainder 

a 


’ 3.27 

. 3.05 

2.60 

2.84 

0.26 

0.33 

0.048 

0.038 

0.019 

0.004 

0.003 

0.001 

Remainder 

Remainder 




Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York, 
N. Y. 

Producer 

As Cast 

6 Months 

lyr. 

2yr. 

15 yr. 

As Cast 

6 Months 

2yr. 

IS yr. 

Tensile Strength, psi. G4-iu. Diameter Round 
Bars) 

Tensile Strength, psi. by ^rhx. 

Fiat Bars) 

C 

40 920 

46 740 

41 280 

42 490 

42 230 

i 30 900 

32 270 

31 450 

19 920 

D 

39 430 

37 040 

36 510 

36 090 

b 

35 590 

34 930 

35 750 ■ 

24 110 

R 

40 720 

38 450 

38 890 

41 220 

35 610 

40 760 

40 470 

37 230 

23 570 

S 

a 

42 140 

42 320 

42 390 

31 800 

36 140 

33 030 

33 0:^0 

22 280 

T 

40 270 

39 630 

39 060 

40 500 

31 670 

32 470 

33 730 

35 920 

16 670 

Average 

40 340 

40 800 

39 610 

40 540 

35 330 

35 170 

34 890 

34 670 

21 310 


1 Elongation in 2 in. 

,, per cent (M-in- Biameter 1 

Elongation in 2 in., per cent (}i by 



Round Bars) 



3^-m. Flat Bars) 


C ' 

1.0 

1.1 

1.0 

2.0 

0.5 

1.0 

1.0 

0.7 

1.0 

D 

0.7 

0.8 ! 

1.0 

1,0 

b 

0.5 

1.0 

0.5 

0.5 

R 

0.5 

1.5 1 

1.0 

1.0 

1.0 

0.5 

1.0 

0.5 

0.0 

S 

a 

0.4 ! 

1.0 

1,8 

1.0 

0.6 

1.0 

0.7 

1.0 

T 

1.0 

0.9 

* 1.0 

1.0 

0.5 

1.0 

1.0 

0.9 

0.0 

Average 

0.8 

0.9 

1.0 

1.4 

0.8 

0.7 

1.0 

0.7 1 

0.5 


Charpy Impact Value, ft-lb. G^i-in. Square 
Bars) 





C 

a 



1 0.73 





B 

1.50 




50 





R... 

a 









S 

2. 25 



1.20 





T. 

1.50 



0.50 





Average. 

1.75 



0,73 






® Test data not available. 


^ No test soecimens available. 
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Fig. 20. — Aging Characteristics of Zinc-Base Alloy No. XVIII -A. 

TABLE XVIXI-A.-ZINC^BASE ALLOY NO. XVIII-A. 

I Coordinated Chemical Analyses— All Laboratories, per cent 


Producer 

Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

Grade of Zinc 

Nominal Composition 

0.5 

3.0 




6.0 

Remainder 

Prime Western. 

C 

0.27 

2.82 

nil 

0.64 

0.36 

6.67 

Remainder 


D 

a 

a 

a 

a 

a 

a 

a 


R 

a 

a 

a 

a 

a 

a 

a 


S... 

0.76 

3.34 

0.0024 

1.05 

0.43 

5.67 

Remainder 


T 

0.32 

2-72 

0.0076 

0.49 

0.20 

5.93 

Remainder 



Indoor Exposure at New York, N. Y. 


Outdoor Exposure at New York, 
N. Y. 



As Cast 

6 Months 

lyr. 

2 yr. 

15 yr. 

Producer 

Tensile Strength, psi, G^-in. Diameter Round 
Bars) 

C 

24 480 

24 720 

25 150 

23 S60 

15 510 

D 

26 490 

24 750 

23 200 

24 840 

b 

R.... 

26 940 

27 440 

26 710 

24 720 

15 290 

S... 

a 

a 

20 420 

10 530 

11 740 

T 

26 070 

25 470 

25 400 

24 630 

12 170 

Average...... 

26 000 

25 580 

24 180 

21 660 

13 680 


As Cast 

6 Months 

2 yr. 

15 yr. 

Tensile Strength, psi. (H by J^-in. 
Flat Bars) 

1 

! 21 060 

18 530 

17 860 

8 890 

24 990 i 

21 810 

17 560 

10 510 

! 23 780 

21 500 

17 440 

7 630 

! a 

21 120 

18 000 

9 360 

; 24 540 

11 690 

13 990 

8 800 

23 770 

18 930 

16 970 

9 040 


Elongation in 2 in., per cent Oi-in. Diameter 
Round Bars) 


Elongation in 2 in., per cent {% by 
Flat Bars) 


C 

1.0 

1,5 

1.3 

1,0 

0.7 

1.0 

1.0 

0,5 

1.0 

■ B.. ■ 

1.0 

1.4 

1.3 

14 

b 

1.0 

0.5 

0,5 

0.3 

R 

1.5 

1.0 

2.5 

1.0 

1.0 

1.5 

1.4 

0.5 

0.4 

S.. 

a 

a 

1.0 

0.8 

1.0 

a 

1.0 

0.5 

1.0 

T.... 

1.5 

0.5 

1.0 

1.5 

0.5 

1.2 

1.0 

1.0 

0.0 

Average.. 

1.2 

1.1 

1.4 

l.l 

0,8 

j 1.2 

1.0 

0.6 

O.S 


Charpy Impact Value, ft-lb. (34-lsi. Square 
Bars) 


Average 

® Test data not available. 




® No test specimen available. 
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alloy (No. XIV) had lost approximately 
80 per cent of its tensile strength and 
about 90 per cent of its elongation, the 
alloy containing magnesium (alloy No. 
XV) had lost less than 20 per cent of its 


A study of the data obtained for alloys 
Nos. XVI and XV shows that the use of 
Special High-Grade Zinc (containing a 
minimum of 99.94 pet cent zinc) in place 
of High-Grade Zinc as the basis metal in 




AGING TIME, YR. 


Fig. 21. — Aging Characteristics of Zinc-Base Alloy No. XVIII -B. 


TABLE XVIII-B.— ZINC-BASE ALLOY NO. XVIII-B. 



Coordinated Chemical Analyses— All Laboratories, per cent 

ocluxrcT 

Alurai- 

num 

Copper 

Lead Tin Zinc 

nesium ^ ^ mmm 

Grade of Zinc 

Nominal Composition 

c 

0.5 

0.35 

3.0 

2.77 

6.0 Remainder 

nil 0.037 0.002 5.88 Remainder 

High Grade 


Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York, 
N. Y. 


As Cast 

6 Months 

1 yr. 2 yr. 15 yr. 

As Cast 6 Months 

2yr. 15 yr. 

Producer 

Tensile Strength, 

psi. (M-ln* Diameter Round 
Bars) 

Tensile Strength, 
Fiat 1 

psi. (M by H-in, 
3ars) 

C 

27 180 

26 500 

23 580 21 510 19 770 

23 200 1 18 960 

15 400 8 570 


Elongation in 2 in., per cent Diameter 

Round Bars) 

' Elongation in 2 in., per cent (H hy 
J4-in. Flat Bars) 

c..... 

1.0 

1.4 

1 0.9 1.7 0.5 

1.0 [ 1.0 

1.0 1 1.0 


tensile strength and only 60 per cent of the magnesium-containing alloy had but 
its elongation. In outdoor aging the little effect on either the shelf-life aging 
differences between these two alloys was or the outdoor aging characteristics, 
still evident although it was not quite There was, however a slight gain when 
so great. ' ' , . Special High-Grade Zinc (containing a 





TENSILE STRENGTH, PSl. 




2 15 0 0.5 1 


2 15 0 0.5 I 

AGING TIME, YR. 


15 0 0.5 I 2 15 


Fig. 22 “Aging Characteristics of Zinc-Base Alloy No. XIX. 
TABLE XDC.-ZINC-BASE ALLOY NO. XIX. 

I Coordinated Chemical Analyses— -All Laboratories, per cent 


Nominal Composition.. 


Alumi- 

num 

1 

Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

Nickel 

Grade of Zinc 

4.0 

2.0 

0.1 




Remainder 

0.02 

Special High Grade* 









(99.94 per cent Zn) 

a 

a 

a 

a 

a 

a 

a 

a 


4.18 

2,19 

■ 0.10 

\ 0.048 

0.005 

0.001 

Remainder 

0.022 


3.70 

1.94 

0.08 

0.041 

0.011 

0.006 

Remainder 

0.013 


4.00 

2.01 

0.11 

1 0.035 

0.004 

0.0007 

Remainder 

0.030 



Indoor Exposure at New York, N. Y. 


Outdoor Exposure at New York, 
N. Y. 



As Cast 

6 Months 

1 yr. 

2 yr. 

15 yr. 

As Cast 

6 Months 

i 

2 yr. 

IS yr. 

Producer 

Tensile Strength, psi. (M-in. Diameter Round Bars) 

Tensile Strength, psi. (H by M-in. 
Flat Bars) 

D 

R. 

S 

Z 

43 800 

45 030 

a 

6 

41260 

43 720 

43 110 

0 

42 400 

43 790 

43 590 

0 

43 910 

43 090 

42 280 

0 

h 

32 120 
30,640 

0 

45 020 

46 780 
42 990 i 

b 

41 300 

43 850 

41 800 

6 

39 120 
39 850 
36 220 

6 

29 030 
27 610 
25 240 

0 

Average 

44 420 i 

42 700 

43 260 

43 090 

31 380 

44 930 

42 320 

38 400 

27 290 


Elongation in 2 in., per cent Diameter 

Round Bars) 


Elongation in 2 in., per cent {]4 by 
3»^-n. Flat Bars) 


■ D........... 

1.7 

, 2.3 

3.6 

2.1 

b 

1.4 

3.0 

1.9 

1.0 

R. 

1.0 

2.0 

2.5 

2.0 

1.0 

1.5 

2.2 

0.8 

i 0.6 

S..... 

a 

1.9 

2.5 

2.5 ^ 

1.0 

2.1 

1.9 

1.6 

1.0 

Z. 

b 

b 

b 

& 

& 

6 


6 

b 

, Average 

1.4 

2.1 

2.9 

2.4 

1.0 

1.7 

2.4 

1.4 

0.9 


Charpy Impact Value, ft-lb. (M-in. Square Bars) 
Y nn I I i I h 


® Test data not available. 

® No test specimens available. 

® Lead plus cadmium, 0.06 per cent maximum, zinc, 99.94 per cent minimum, nickel, 0.02 per cent nominal. 
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Fig. 23. — Aging Characteristics of Zinc-Base Alloy No. XX. 
TABLE XX.— ZINC-BASE ALLOY NO. XX. 


Producer 


Coordinated Chemical Analyses— All Laboratories, per cent 

Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

Cad- 

mium 

Tin 

Zinc 

j Grade of Zinc 

Nominal Composition 

4.0 

3.0 





Remainder 

Special Grade 
(99.75 per cent 
Zn) (Electro- 
Engraver’s Spe- 
cial) 

C 

4.09 

2.73 

nil 

0.027 

0.32 

0.01 

Remainder 


D 

3.88 1 

3.14 

0.0022 

0.24 

0.030 

0.14 

Remainder 




Indoor Exposure at New York, N. Y. 

Outdoor Exposure at New York. 
N. Y. 



As Cast 

6 Months 

lyr. 

2 yr. 

IS yr. 

j As Cast 

6 Months 

2 yr. 

15 yr. 

irroaucer 

Tensile 

Strength, psi. (34-in. Diameter 
Round Bars) 

Tensile Strength, psi. (34 by 

Flat Bars) 


C 

35 710 

a 

1 35 920 

36 140 

16 030“ 

30 640 

25 740 ! 

27 060 

17 130“ 


D 

41 200 

40 330 

41 260 

36 420 

b 

37 740 

37 480 

27 740 

22 670^ 



S 38 460 

40 330 

38 590 

36 280 

16 030 

34 190 

31 610 

27 400 

19 900 



Elongation in 2 in., per cent (M-in. Diameter 
Round Bars) 

Elongation in 2 in., per cent (34 by 
J4-in. Flat Bars) 


C 

1.7 

o 

1.1 

1.5 

0.5 

1.1 

1.4' 

0.8 

1.0 


D... 

1.0 

0.5 

1.5 

1.0 

b 

1.1 

1.0 

0.6 

1.0 



1.4 

0,5 

1.3 

1.3 

0.5 

1.1 

1.2 

1 0.7 

1.0 




Charpy Impact Value, ft-lb. (K-in. Square 
Bars) 






C 

a 




0.28 






D 

2.25 




b 







2.25 




0.28 














“Test data not available. 
“Test specimens not available. 


“ Average of 9 specimens, 

“ Average of 5 specimens. Others broke on racks. 
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AGING TIME, YR. 

Fig. 24. — Aging Characteristics of Zinc-Base Alloy No. XXL 
TABLE XXI.— ZINC-BASE ALLOY NO. XXI. 


Producer 

Alumi- 

num 

Copper 

Mag- 

nesium 

Lead 

1 Cad- 
mium 

Tin 

Zinc 

Grade of Zinc 

Nominal Composition 

4.0 

3,0 

0.1 




Remainder 

Special High 

Grade (99.98 

per cent Zn)*^ 

D. 

3.93 

2.95 

0.12 

0.0032 

0.0067 

0.002 

Remainder 

R 

3.80 

2.94 

0.09 

0.0023 

0.0027 

0.006 

Remainder 


S 

3.86 

2.92 

0.12 

0.007 

0.0029 

0.002 

Remainder 


T 

4.00 

2.93 

0.12 

0.0025 

0,0020 

0.0008 

Remainder 


Z 

4.03 

3.01 

0.11 

0.0030 

0,0012 

nil 

Remainder 



Coordinated Chemical Analyses— All Laboratories, per cent 


Indoor Exposure at New York, N. Y. 


Producer 

As Cast 

6 Months 

lyr. 

2 yr. 

15 yr. 

As Cast 

6 Months 

2 yr. 

15 yr. 

Tensile Strength, psi. (J^-in. Diameter Round 
Bars) 

Tensile Strength, psi, (}4 by 

Flat Bars) 

D 

45 470 

47 090 

47 450 

51 130 

a 

45 720 

45 820 

44 790 

34 430 

R 

51 510 

48 630 

51 780 

55 360 

47 800 

51 180 

49 710 

48 390 

39 230 

S 

46 900 

46 820 

47 920 

50 060 

51 160 

43 690 

41 760 

39 130 

31 670 

T 

46 940 

43 600 

47 250 

50 250 

34 ISO 

48 200 

46 380 

45 070 

39 330 

Z 

45 280 

41 340 

47 260 

47 610 

44 640 

44 800 

41 680 

32 380 

37 550 

Average 

47 220 

45 500 

48 330 

SO 880 

44 440 

46 720 

45 070 

41 950 

36 440 


Elongation in 2 in. 

per cent (M-in. Diameter 

Elongation in 2 in., per cent 04 by 



Round Bars) 



ji^-in. Flat Bars) 


: ,D 

2.1 

2.9 

2.4 

1.0 

a 

3.8 

3,3 

2.8 

1.0 

R.-.. 

2.6 

4.1 

3.8 

2.8 

1.0 

2.0 

3.1 

1.2 

0.5 

s.... ' ,■ 

2.6 

.3.6 

5 1 

4.3 

2.0 

1.7 

1.5 

1.2 

0.5 

T.'.;..' 

3,2 

5.9 

5.6 

2.7 

1.5 

3.9 

S.O 

7,8 

1.5 

■ . z...... 

2.8 

2.6 

3,9 

2.0 

1.1 

2.9 

4.1 

2.0 

1.5 

, Average,,. .... 

2.7 

3.8 

4.2 

2.6 

1.1 

2,9 

3.4 

3.0 

1.0 


Charpy Impact Value, ft-lb. Square 

Bars) 





■■■ D.. 

8,25 




a 





R 

8.00 




1.40 





S.... ........ ... 

9.00 




1.80 





T...... ........ 

5.75 




a 





Z..,.. .......... 

6.00 




1.20 





Average 

7,40 




1.50 






Outdoor Exposure at New York, 
N. Y. 





On Aging Studies on 

mmimiim of 99.98 per cent zinc) was 
used in compounding this alloy as is 
shown by the somewhat better aging 
characteristics of alloy No. XXI as com- 
pared to those of alloy No. XVI. In 
both cases the actual impact strength 
was better than that of any of the other 
alloys after shelf-life aging and the ten- 
sile .strengths were likewise fairly high. 
There was little difference in the effect 
of aging on the elongation of these three 
alloys. 

TABLE XXII.—SUMMARY OF METEOROLOGICAL 
DATA. 


Mean annual temperature, deg. Fahr 52 


Maximum temperature was: 

32 F. and below 24 

90 F, and above. 6 

Minimum temperature was: 

32 F. and below 93 

0 F. and below 1 

Precipitation, in. 

Avearge yearly precipitation 42.7 

Highest yearly precipitation 58.7 

Lowest yearly precipitation 33.2 

Average number of days per year of 0.01 in. or 
over 126 

Snowfall, inches per year (melting method) 32.7 

Average relative humidity per year, per cent: 

Morning 74 

Noon 59 

Evening 68 

Sunshine: 

Average yearly total, hr 2680 

Percentage of possible hours 60 

Wind: 

Average hourly velocity, miles per hour 15 

Prevailing direction Northwest 


Alloy No. XIX might be considered 
as a modification of alloy No. XVI with 
0.02 per cent nickel replacing 1 per cent 
of copper. The changes in tensile 
strength and elongation for this alloy 
were comparable to those shown by alloy 
No. XVI. The loss of impact strength 
was considerably greater for alloy No. 
XIX than for alloy No, XVI after 15 yr. 
of indoor aging. 

All of the zinc-base alloys showed 
losses in tensile strength after IS yr. of 
indoor' aging. These losses varied from 
more than 80 per cent for the poorest 
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alloy (No. XIV) to 6 per cent for the 
best aUoy (No, XXI). After IS yr. of 
outdoor aging the losses in tensile 
strength ranged from more than 80 per 
cent for alloy No. XIV to sightly more 
than 20 per cent for alloy No, XXI. 

Conclusions 

In the case of the twelve aluminum- 
base alloys there was very little differ- 
ence in the effect of 15 yr. of indoor or 
outdoor aging on the physical properties 
of the various alloys. Contrary to ex- 
pectations, the loss in physical proper- 
ties on outdoor aging did not increase in 
proportion to the copper content. In 
the case of the nine zinc-base alloys the 
aging characteristics and the corrosion 
resistance of the 3 per cent copper, 4 per 
cent aluminum alloys were improved by 
the addition of a small percentage of 
magnesium. Likewise, when no magne- 
sium was added, the corrosion resistance 
was improved by using a higher quality 
of zinc in compounding the alloy. Where 
magnesium was added to the alloy, a 
further improvement was obtained by 
using a higher quality of zinc. 

It must be borne in mind that, of the 
original twelve aluminum-base alloys 
studied, only the low-silicon alloy (No. 
IV), the high-silicon alloy (No. V) and 
a modification of the low-copper, low- 
silicon alloy (No. VII) are still used 
commercially. All the other alloys have 
been discontinued for one reason or 
another. However, based upon these 
aging studies there is no basis for choos- 
ing either alloys Nos. IV or VII in prefer- 
ence to the other alloys. Alloy No. V 
was somewhat less affected by indoor 
and outdoor aging than were the other 
two alloys. 

In the case of the zinc-base alloys, none 
of the alloys studied is used commercially 
. at the present time. A modification of 
alloy No. XXI with 0.03 to 0.08 per cent 
magnesium instead of the 0.1 per cent. 
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magnesium originally specified, is the 
only one of the nine zinc-base alloys used 
today by the die-casting industry. 
However, since it has been found that 
the lower copper content alloys com- 
pounded from Special High-Grade Zinc 
containing a minimum of 99.99 per cent 
zinc, such as the present Alloys Nos. 
XXIII and XXV now specified in 
A.S.T.M. Specifications for Zinc-Base 
Alloy Die Castings (B 86 ~ 43),® are 
vastly superior in their resistance to 
aging and corrosion, than are any of the 

® 1944 Book of A,S.T.M. Standards, Part I, p. 887. 


alloys studied, even the modified No. 
XXI alloy has but limited usage today. 
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DISCUSSION 


Mk. L. L. Wyman.'— I should like to 
ask Mr. Gohn, in connection with the 
aging tests, how these ratings compare 

1 Research Metallurgist, General Electric Co., 
Schenectady, N. Y. 


with the data that are given in the 
report of Mr. Peirce’s Subcommittee V 
of Committee B-6 on Die-Cast Metals 
and Alloys.^ 

2 See p. 244. 


TABLE XXIII.—MECHANICAL PROPERTY DATA FOR VARIOUS A.S.T.M. DIE-CASTIKTG ALLOY 
SPECIMENS AFTER 15-YR. ATMOSPHERIC EXPOSURE TESTS. 


Alloy 

Producer 

Tensile 
Strength, psi. 

Elongation 
in 2 in., 
per cent 

Alloy 

1 

Producer 

Tensile 
Strength, psi. 

Elongation 
in 2 in., 
per cent 

1946 Report of 
Committee B-6® 

Gohn and 

Menges Paper 

VO 

O -M 

g.*2 
pJi 1 

VO O 

Gohn and 

Menges Paper 

1946 Report of 
Committee B-6® 

Gohn and 

Menges Paper 

1946 Report of 
Committee B-6 

Gohn and 

Menges Paper 

Aluminum-Base Alloys 

Aluminum-Base Alloys {Coni.) 


C 

29 SOO 

22 420 

4 

2.2 


C 

37 100 

29 830 

1 

0.7 


D 

28 300 

24 890 

4 

2.2 


D 

27 500 

1 23 730 

1 

1.2 


G 

30 700 

27 290 

3 

1.9 


G 

32 600 

! 28 680 

2 

1.5 

No. t 

S 

33 000 

21 350 

4 

2.Q 

No DC 

S 

37 100 

29 050 

2 

LD 


W 

32 300 

28 310 

4 

3.5 


w 

39 300 

33 520 

1 

i.s 


Average 

30 760 

24 850 

3.8 

2.4 


Average 

34 720 

i 28 960 

1.4 

1.2 


C 

30 400 

28 690 

4 

3.3 


C 

34 000 

29 670 

3 

1.8 


I) 

26 100 

23 380 

2 

2.0 


D 

22 800 

18 170 

1 

1.5 


G 

29 100 

27 310 

3 

3.4 


G 

27 SOO 

25 580 

2 

1.8 

No IV 

S 

28 000 

27 990 

3 

3.0 

No. X 

s 

31 500 

26 460 

3 

1.8 


W 

31 300 

30 310 

2 

2.0 


w 

26 600 

26 360 

2 

1.5 


Average 

28 980 

27 540 

2.8 

2.7 


Average 

28 480 

25 250 

2.2 

1.7 


C 

29 500 

30 850 

1 

0.9 


C 

34 500 

30 510 

3 

1.5 


D 

26 300 

25 600 

1 

1.5 


D 

28 100 

28 850 

2 

2.2 


G 

24 900 

27 040 

1 

1.2 


G 

33 000 

28 290 

2 

2.5 

Nn V 

S 

35 600 

28 740 

2 

1.7 

No. XI 

S 

33 SOO 

28 590 

2 

1.0 


W 

29 SOO 

28 900 

1 

0.9 


w 

30 300 

28 220 

1 

1,-S 


Average 

29 160 

28 230 

1.2 

1.2 


Average 

31 880 

28 890 

2.0 

1.7 


C 

36 700 

29 070 

3 

2.0 


C 

36 600 

30 680 

2 

1.5 


I) 

29 800 

28 950 

1 

1.0 


D 

32 500 

30 000 

1 

1.3 


G 

30 900 

26 510 

1 

1.4 


G 

31400 

25 520 

2 

1.5 

No VTT 

S 

35 700 

30 440 

1 

0.8 

No. XII. ....1 

S 

37 300 

35 100 

2 

1.3 


w 

33 400 

30 410 

1 

1.4 


w 

35 400 

34 SOO 

1 , ■ 

1.5 


Average 

33 300 

29 080 

1.4 

1.3 


Average 

34 640 

31 160 

1.6 

1.4 


C 

31 800 

28 940 

7 

4.0 

1 Zinc-Base Alloys 


D 

28 300 

24 760 

3 

2.0 








G 

28 600 

26 780 

4 

2.1 


D 

44 300 

34 430 

1 

1.0 

No, VIIL. 

S 

34 200 

26 740 

5 

2.7 


R 

45 700 

39 230 

1 

0.5 


W 

28 100 

27 260 

4 

3.3 


S 

44 100 

31 670 

1 

0.5 







No. XXI ■ 

T 

42 600 

39 330 

1 

1.5 


^ Average 

30 200 

26 900 

4.6 

2.8 


Z 

41 300 

37 550 

1 

1.5 



[ Average 

43 600 

36440 

1 

1.0 


“ The 1946 Report of Committee B-6 contains no data on the outdoor exposure tests on Alloys Nos. II, III, VI, 
XIII, XIV, XV, 'XVI, XVII, Xvni-A, XVIII-B, XDC, or XX, 
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■ Me, G, R. Gohn {author^s closure )', — 
In reply to Mr. Wyman’s question, a 
comparison between our test data and 
those reported by Subcommittee V on 
Exposure and Corrosion Tests of Com- 
mitte B-6 onDie-Cast Metals and Alloys^ 
is possible only for aluminum-base alloys 
Nos. I, IV, V, VII, VIII, IX, X, XI, and 
XII and zinc-base alloy No. XXI since, 
these are the only alloys listed in Mr, 
Peirce s report. A comparison between 
the committee’s tension test data re- 


ported for specimens of these ten alloys 
after 15-yr. exposure on the tenth floor 
roof ,of the Bell Telephone Labora- 
tories building in New York, N. Y,, and 
data obtained by the authors is given in 
the accompanying Table XXIII. A 
study of these data indicates that the 
average loss in tensile strength was 3 to 
17 per cent greater after 15 yr. of outdoor 
exposure for specimens subjected to the 
artificial rain than for those exposed to 
normal outdoor exposure. 


THE NOTCH SENSITIVITY IN STATIC AND IMPACT LOADING OF 
SOME MAGNESIUM-BASE AND ALUMINUM-BASE ALLOYS* 

By J. P. Doan^ and J. C. McDonald^ 


Synopsis 

The effect of a wille variety of stress concentrations and loading conditions 
on the strength, ductility, and toughness of a number of magnesium-base and 
aluminum-base alloys, was determined, attention being directed to the high- 
strength aluminum-base alloys. Although sensitivity indices of general ap- 
plicability could not be derived, an attempt was made to draw general con- 
clusions which would aid in estimating the performance of these materials 
under load. 

Cast alloys of both base metals exhibited similar sensitivities on the whole. 
Of the two magnesium compositions tested, that with the lower total alloy 
content, in the heat-treated condition, appeared to have minimum sensitivity 
and maximum properties in the tests. 

Among the wrought alloys, the aluminum alloy (4.5 per cent copper, 0.6 per 
cent manganese, per cent magnesium) was similar in sensitivity to the 

least sensitive magnesium alloy (3 per cent aluminum and 1 per cent zinc) 
and was tougher than any of the magnesium compositions. The magnesium- 
base alloy (3 per cent aluminum and 1 per cent zinc) can be recommended for 
the best combination of toughness and insensitivity. 


Prefatory Note. — ^The nature of the subject 
matter of this paper has necessitated the com- 
pilation of a large volume of data. This pub- 
lication includes only a portion of these re- 
sults, together with discussion and summary of 
the entire program. However, arrangements^ 
have been made whereby anyone may obtain 
the complete paper, including those figures 
and tables not reproduced here. The original 
paper contained 38 figures and 13 tables which 
summarize or compare various data, an ap- 
pendix (dealing with details such as form and 
properties of the materials used, preparation 
and number of specimens, range of variables 
covered, testing techniques, and the type of 
data obtained), and complete discussion of 
results. The table and figure numbers used 
in the complete text, are retained in the fol- 
lowing presentation. 

’^.Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946, 

1 The Dow Chemical Co., Midland, Mich. 

» These data are available as the Addendum to the 
author's reprints. 


The design of a load-bearing structure 
requires information from stress-strain 
curves in uniaxial stressing. On the 
basis of ultimate and yield strengths in 
tension and compression, as well as the 
elastic moduli (and possibly proportional 
limits), a specific structure can be de- 
signed, in theory at least. 

The failure of a carefully designed 
structure may be due to one or more 
causes, the most common being: acci- 
dental overloading; actual loads greater 
than assumed; and stresses higher than 
calculated due to complications of con- 
struction and loading. Also, stress con- 
centrations accompanying changes in 
section, joints, surface imperfections, and 
eccentric loading usually lower the 
strength and toughness of the structure. 

In general, the notch sensitivity of a 
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material is its reaction to stress concen- 
trations. In its broadest sense the term 
may be defined as the reaction to any 
complication of the stress state outside 
the uniaxial condition. Thus, notch 
sensitivity relates serviceability to known 
properties in so far as complications of 
the stress state are responsible for any 
discrepancy between service results and 
design calculations. Test data are re- 
quired on strength, ductility, and tough- 
ness (energy to rupture) for a variety of 
stress states. 

The ultimate goal of all studies of 
notch sensitivity, as broadly defined, is 
complete knowledge of (1) the stress 
♦ state as a function of loading, geometry, 
and deformation, and (2) the dependence 
of deformation and rupture characteris- 
tics on the stress state. Several sum- 
maries and bibliographies dealing with 
the extensive work on these subjects are 
available. It suffices here to point out 
that theoretical, photoelastic, and experi- 
mental methods are available for pro- 
viding good approximations to stress 
states in actual structures for deforma- 
tion within the elastic range. Plastic 
deformation often introduces complica- 
tions, but recent theoretical treatments 
have given mathematical expression of 
the laws of behavior of metals under 
combined stress and have clarified the 
dependence of fracture stress on stress 
state. However, anisotropy of the ma- 
terial and inhomogeneity of the stress 
field are two factors which appear diffi- 
cult to handle by present methods, par- 
ticularly in the case of rupture phe- 
nomena. Until these difficulties are 
solved, the designer must depend on his 
judgment based on accumulated experi- 
ence with the notch sensitivity problem. 
As a help, the present work provides 
empirical data on some aluminum-base 
and magnesium-base alloys for a con- 
siderable variety of stress states. 

Magnesium-base alloys have been 


successfully used in stressed members 
over a considerable period of time and 
particularly for castings has a service 
record been established. For wrought 
alloys, serviceability has also been demon- 
strated, though the experience has been 
more limited. Further knowledge is 
needed on what to expect from condi- 
tions which are difficult to evaluate, as 
for example: (1) the probable response 
to overloads, and (2) the probable re- 
sponse to design loads at points of stress 
concentration. 

In this paper only static and impact 
loading are treated; the response of 
similar materials to repeated stressing 
(fatigue) is covered elsewhere (1).^ Tests 
were conducted on typical magnesium- 
base and aluminum-base alloys, both 
cast and wrought. In the case of alumi- 
num-base alloys, attention was directed 
to alloys of high strength with which 
magnesium alloys compete in stressed 
applications. A few comparison tests 
were also conducted on mild steel sheet. 
Comparison of the response of mag- 
nesium to that of aluminum, with its 
longer service record, provides some 
idea of what problems, if any, peculiar 
to magnesium may be encountered in 
service. In all cases, the comparisons 
were based on equal volumes of mate- 
rials. 

Method 

Due to the large number of tests per- 
formed, it has been necessary to present 
in an appendix routine details such as 
the form and properties of the materials, 
the preparation and number of the speci- 
mens, the range of variables covered, the 
testing techniques, and the type of data 
obtained: Appendix 1 (see prefatory 
note) is presented in the form of an 
outline and thus also serves to organize 


» The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1118 . 
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TABLE A.— MAGNESIUM ALLOYS. 



A.S.T.M. 

Designa- 

tion 

Nominal Composition, 

per cent 


Typical Physical Properties 

Alloy 

Magnesium 

Alumi- 

num 

Manga- 

nese 

1 

Zinc 

Iron 

Con- 

dition® 

Tensile 

Strength, 

psi. 

Tensile 

Yield 

Strength, 

„ psi. 

Elonga- 
tion 
in 2 in. 
per cent 


Castings 


H 

AZ63 

Remainder 

6 

0.2 

3 


AC 

29 000 

14 000 

6 








HT 

40 000 

14 000 

12 








HTA 

40 000 

19 000 

5 








HTS 

40 000 

17 000 

7 

C 

AZ92 

Remainder 

9 

0.2 

2 


AC 

24 OOO 

14 000 

2 








HT 

40 000 

16 000 

10 








HTA 

40 000 

23 000 

2 


1 . 



■ i 
1 



HTS 

40 000 

20 000 

3 


Sheet 


M......... 

Ml 

Remainder 


1.5 



a 

33 000 

IS 000 

17 








h 

37 OOO 

29 000 

8 

FS-l^..... 

AZ31X j 

Remainder 

3 

0.3 

1 

<0.005 

FS-la 

37 000 

22 000 

21 








FS-lh 

43 000 

33 000 

11 

J-1^ 

AZ6iX 

Remainder 

6 

0.2 

1 

<0.005 

a i 

43 000 

26 000 

16 






1 


h 

47 000 

34 000 

9 


Extrusions 


Ml 

Remainder 


1.5 



As Ext. 

34 000 

20 000 

AZ31X 

Remainder 

3 

0.3 

1 

<0.005 

As Ext. 

38 000 

26 000 

AZ61X 

Remainder 

6 

0.2 

1 

<0.005 

As Ext. 

44 000 

28 000 

AZ80X 

Remainder 

8.5 

0.2 

0.5 

<0.005 

HTA 

52 000 

36 000 


** Symbols: 

AC— As Cast 

HT— Solution Heat Treated 
HTA — Solution Heat Treated and Aged 
HTS — Solution Heat Treated and Stabilized 
a — Annealed 

h— Hard Rolled and Stress Relieved 
" -1 indicates high purity alloy. 


9 

14 

16 

9 


TABLE B.— ALUMINUM ALLOYS. 


Alloy 

Nominal Composition, per cent 

Typical Physical Properties 

Aluminum 

Copper 

Iron 

Mag- 

nesium 

Man- 

ganese 

Silicon 

Zinc 

Chro- 

mium 

Con- 

di- 

tion* 

Tensile 

Strength, 

psi. 

Tensile 

Yield 

Strength, 

psi. 

Elon- [ 

gation 1 

in 2 in., i 

per cent 

Castings 

195... 

Remainder 

4 







T-6 

36 000 

22 000 

S, i 

356. . . 

Remainder 



0.3 


7 



T-6 

32 000 

22 OOO 

4 S 

220. . . 

Remainder 



10 





l'-4 

45 OOO 

25 000 

14 

Sheet i 

24S. . . 

Remainder 

4.5 


1.5 

0.6 




T 

68 000 

45 OOO 

19 

52S,. . . 

Remainder 



2.5 




0.25 

|H 

37 000 

29 000 

10 

75S^ 

Remainder 

1.6 


2.5 

0.2 

i 

5.6 

0.3 

T 

76 000 

66 OOO 

11 

R301^ 

Remainder 

4.5 

<1 

0.5 


0.8 

0.8 


T 

68 000 : 

61 OOO 

9 

Extrusions i 

24S... 

Remainder 

4.5 


1.5 

0.6 ' 


! 


T 

65 000 

46 OOO 

10 


® Symbols: 

T-4— Solution Heat Treated 
T-6 — Solution Heat Treated and Aged 
T— Solution Heat Treated and Aged 
^ |H— Half hard 

® All material tested in these alloys was clad. 
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the woik and show its scope. In the 
discussion of test results some descrip- 
tion of the individual tests is given to 
assist in interpretation of the data. 

. Details of the test methods on which 
general statements can be made are: 

1. Materials: Commercial alloys from 
regular production were used. Alumi- 
num and magnesium alloys of the 
nominal compositions, states and typical 
physical properties shown in Tables A 
and B were included in the tests as well 
as mild steel with a tensile strength of 
60,000 psi. and an elongation of 30 per 
cent in 2 in. Each specific test was made 
on fewer materials than the maximum. 

2. Scope: The variety of tests carried 
out is shown in . the following outline 
abbreviated from the appendix (see 
prefatory note). 

I. Tension 

A. Concentric Loading 

1. Circumferential notches of 

varying radii, round speci- 
mens, 

a. Castings 

(1) Static — Tensile 
strength, reduction of 
area, energy to rup- 
ture. 

(2) Impact — Energy to 
rupture, reduction of 
area. 

b. Extrusions (Same proper- 
ties measured as for cast- 
ings) 

(1) Static 

(2) Impact 

2. Circumferential notch with 
depth and radius equal to l/lO 
minimum diameter, round 
specimen, static ultimate 

' strength. - 

a. Castings 

b. Extrusions 

3. Circumferential V notch of 

0.002-in. radius, round speci- 
mens, 0-1 HTA extrusions; 
static ultimate strength. 


4, Holes in sheet; static ultimate 
strength and energy to rupture, 
B. Eccentric Loading 

1. Edge notches of varying depths 
' and radii, flat specimens, static 

only. 

a. Castings — ultimate 

strength 

b. Sheet — ultimate strength 

c. Extrusions — ultimate 
strength and energy to rup- 
ture. 

2. Surface notch, sheet, static 
ultimate strength, 

II. Bending 

A. Simple beam, plain and V- 
notched Charpy type specimens, 
energy to rupture. 

a. Castings 

(1) Static 

(2) Impact 

b. Extrusions 

(1) Static 

(2) Impact 

B. Cantilever beam, static ultimate 
torque, bend angle, energy to rup- 
ture. 

1. Symmetrical edge notches of 
varying radii, flat specimens, 

a. Sheet 

b. Extrusions 

2. Surface notch, sheet. 

3. Simultaneous edge and surface 
notches, sheet. 

III. Special Tests, sheet and cast plates. 

A. Center loading of circumferentially 
gripped specimens, static strength, 
deflection, energy to rupture; im- 
pact deflection and energy to rup- 
ture. 

B. Tear Test. 

1 . Static load to propagate tear. 

2. Bending tear test; -impact en- 
ergy to rupture. 

3. Tension tear test; impact en- 
ergy to rupture. 

The above order and heading designa- 
tion will be followed in the discussion of 
results. Appendix 'references are given 
in parenthesis following the table or 
figure number. 

3. Preparation of notches: All notches 
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were finished with several fine machine 
cuts using high-speed steel tools main- 
tained sharp and of the desired contour 
by repeated inspection and hand honing. 
Appendix 2 (see prefatory note) deals 
with the effect of machining. 

4. Measurement of cross-sections: Di- 
mensions entering into calculation of the 
results were either by micrometer or 
microprojector, both of which had least 
scale divisions of 0.001 in. and verniers 
for estimating to ±0.0001 in. In some 
cases it was necessary to use a special 
chisel-shaped anvil on the micrometer. 

5. Speed of testing: No precise data 
are available. In static tests headspeed 
was adjusted to yield about the same 
rate of load application as in ordinary 
tension tests. Impact tests were all on a 
Riehle combination impact machine on 
which the striking speed was 12.8 ft. per 
second or 18.1 ft. per second depending 
on the scale used. A further complica- 
tion is the fact that average rate of 
straining, for a given speed, depends 
strongly on the specimen size and shape 
and on the energy absorbed. 

6. Calculation: In all cases in which 
calculation of the results involves the 
cross-sectional area of the test specimen, 
the original minimum section dimensions 
were used, that is, for notched bars, the 
area under the notch. 

7. Notch effect: To aid in making 
comparisons between materials, the notch 
effect is usually expressed as a dimen- 
sionless index, called the notch factor — 
the ratio of the strength, ductility, or 
toughness in the notched state to the 
value of the same property determined 
on a similar unnotclied specimen. When 
this method could not be used, the notch 
factor was obtained by arbitrary use of 
the simple tensile value as the base of 
comparison, even though the ^‘notched’’ 
specimen was quite different in form. 
Thus a low notch factor corresponds to a 
high notch sensitivity, and vice vena. 


Orders of merit are always stated in 
descending order, that is, the most de- 
sirable material heads the list. 

8. Testing direction: Wrought mate- 
rials were tested longitudinally (with the 
grain) unless otherwise mentioned. 

9. Specific gravity: All tests and 
comparisons are on the basis of equal 
volumes of materials, that is, no allow- 
ance is made for the lower density of the 
magnesium alloys. 

Results 

(In the interests of brevity this section 
covers only concentric tension tests, 
Items lA, 1, 2, 3, and 4 of outline. 
Complete text is available as explained 
in prefatory note.) 

Tension Tests — Concentric Loading of 
Round Specimens with Circumferential 
Notches of Varying Radii (/A, 1, Z, 
and 3): 

The general shape of the specimen is 
indicated in Fig. Al(a). Notch depth 
(in terms of percentage of cross-sectional 
area removed) is constant at 43.6 per 
cent for castings and at 64.1 per cent for 
extrusions; notch radius was varied from 
200 to 0.075 in. in both cases. Results 
are presented graphically in Figs. 1 to 5 
for castings and in Figs. 6 to 10 for ex- 
trusions. Also plotted in Figs. 1 and 6 
are the results of some tests (lA 2 and 3 
in the appendix) using notch radii of 
0.0375 in. (i^ minimum diameter) and 
one test with notch radius of 0.002 in.; 
notch depths are 30.6 and 36.0 per cent, 
respectively. The materials were from 
different batches than used for the above- 
described tests. These discrepancies are 
indicated by the broken-line curves to 
the data in question. 

' The tensile strength 'versus notch 
radius curves in Fig. 1 indicate general 
similarity in the notch behavior of the 
cast alloys. Maximum notch factor 
occurs at greater notch radii for mag- 
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Fig. 1 (lAla + 2a). — Static Tensile Strength versus Notch Radius for Castings. 
Concentric loading, circumferential notches. 



NOTCH RADIUS, IN. 

Fig. 2 (lAla) .---Static Reduction of oxtz. versus Notch Radius for Castings, 
b. Concentric loading, circumferential notches. 
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notch radius, in. 

Fig. 3 (lAla). — Static Touglmess versus Notch Radius for Castings. 
Concentric loading, circumferential notches. 



Fig. 4 (lAla).-— Impact Reduction of Area versus Notch Radius for Castings. 

Concentric loading, circumferential notches. 
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NOTCH RADIUS, IN. 

Fig. 7 (lAlb). — Static Reduction of Area Notch Radius for Extrusions. 
Concentric loading, circumferential notches. 



NOTCH RADIUS, IN. 

Fig. 8 (lAlb).— Impact Reduction of Area versus Notch Radius for Extrusions. 
Concentric loading, circumferential notches. 
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Fig. 9 (lAlb). — Impact Toughness versics Notch Radius for Extrusions. 
Concentric loading, circumferential notches. 



Fig. 10 (lAlb).— Ratio of Impact to Static Reduction of Area Notch. 
Concentric loading, chaimferential notches. 
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nesium than for aluminum alloys. The 
order of increasing average notch sensi- 
tivity is (220T-4, H-HTA, C-HT, 
C-HTA, 19ST-6), (H-HT, 356T-6)^ but 
differences are small. 

The reduction of area curves (Fig. 2) 
also show generally similar notch effects 
among the alloys, particularly for the 
sharp notches. The increase in ductility 
of the magnesium aUoys due to mild 
notches is anomalous; possibly notching 
causes a bar to rupture at a point of 
average strength whereas an unnotched 
bar fails at a point of weakness. Note 
that the curves approach 2 to 5 per cent 
notch ductility at approximately the 
same notch radii at which a loss in 


formation rather than through control of 
strength or degree of deformation. Thus, 
even a mild notch causes a drastic de- 
crease in rupture energy. Alloy 220T-4 
particularly illustrates this effect. Un- 
notched, it undergoes very uniform and 
extensive deformation throughout the 
reduced section length and thus requires 
a large energy rupture. Mildly notched, 
reduction of area is not impaired, but 
toughness suffers strongly due to re- 
striction of' deformation to a small vol- 
ume of metal near the fracture. Here 
we have a case in which high tensile 
ductility and high notch sensitivity occur 
in the same material. 

There are no striking fundamental 


TABLE I (lAla) .-RATIO OF IMPACT TO STATIC TOUGHNESS OF CAST ALLOYS. 
(Concentric loading — circumferential notches) 


Alloy 

Con- 

dition 

Ratios for Given Notch Radii 

200 in. 

5 in. 

3 in. 

2 in. 

1 in. 

0,7 in. 

0.5 in. 

0.3 in. 

0.2 in. 

0.075 in. 

Average 

i 

HT 

1.02 

1.05 

1.09 

1.08 

0.95 

1.08 

1.08 

0.94 

1.08 

1.61 

1.098 

H 

HTA 

0,93 

0.68 

0.55 

0.49 

0.88 

0.83 

0.68 

0.75 

0.74 

0.95 

0.748 

C 

HT 

0.77 

0.99 

0.82 

0.88 

0.76 

0.84 

0.65 

0.75 

0.76 

1.12 

0.834 

c 

HTA 

0.86 

0.82 

0.52 

0.47 

0.76 

0.70 

0.61 

0.69 

0.92 

0.79 

0.714 

195 

T-6 

1.32 

0.96 

1.09 

1.13 

0.78 

0.93 

0.97 

1.15 

1,07 

0.85 

l.OS 

1.037 

356 

T-6 

1.19 

1.06 

0.71 

0.95 

0.97 

1.00 

0.91 

1.05 

1.09 

0.986 

220 

T-4 

1.15 

1.23 

0.90 

0.78 

1.015 









strength due to notching first occurs. 
This is in rough agreement with Sachs (2) 
who shows that plastic deformation of 
this order is required to eliminate the 
initial stress concentration. The order 
of increasing notch sensitivity is (H- 
HTA, C-HTA), (C-HT, H-HT, 220T-4), 
(19ST-6, 356T-6). There is no clear 
relation between strength and ductility 
notch sensitivity. 

Comparison of the strength and reduc- 
tion of area curves with the static tough- 
ness. versus notch radius curves (Fig. 3) 
reveals that the major influence of the 
notch on toughness is through control of 
the volume of metal undergoing de- 

The parentheses enclose groups of alloys having nearly 
equal sensitivities. The actual values of the notch fac- 
tors of the individual alloys and the averages for the 
groups are summarized in Table XIII. 


differences among alloys with respect to 
the notch effect. Grouping the alloys in 
order of increasing notch sensitivity 
yields (C-HTA, C-HT, H-HTA), H-HT, 
(195T-6, 356T-6, 220T-4). Grouping in 
order of decreasing toughness yields 
(H-HT, C-HT, 220T-4), (H-HTA, C- 
HTA), (195T-6, 356T-6). 

Tension-impact da ta for the cast alloys 
are reported in Figs, 4 and 5 showing the 
effect of notch radius on reduction in 
area and rupture energy respectively. 
Neither set of curves differs greatly from 
the corresponding static data. The im- 
pact reduction of area shows less ten- 
dency for the anomalous increase at mild 
notch radii. • Table I gives the ratios of 
impact to static toughness for the cast 
alloys. The random scatter is consider- 
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able, but there appears to be a slight 
tendency toward relatively lower impact 
than static toughness, particularly for 
H-HTA, C-HT, and C-HTA, and for all 
the materials at intermediate notch 
radii. The orders of merit for the impact 
tests are: 

Reduction of area notch sensitivity: H-HTA, 
(C-HTA, H-HT), (220T4, 195T-6, 356T-6, 
G-HT). 

Reduction of area: (H-HT, 220T-4), C-HT, 
(H-HTA, 356T-6), (C-HTA, 195T-6). 
Toughness sensitivity: (H-HT, C-HTA, 
H-HTA), (C-HT, 220T-4, 356T-6, 195T-6). 
Toughness: (H-HT, 220T-4, C-HT), (H-HTA, 
C-HTA, 195T-6, 356T-6). 


mediate, and M alloy loses considerable 
ductility due to mild notching. Similar 
statements hold for impact reduction of 
area (Fig. 8) except that M alloy has 
lower sensitivity due to lower ductility 
at 200-in. radius; it is the only alloy 
showing a significant reduction in duc- 
tility due to the increased strain rate of 
the impact test. Figure 10 clarifies this 
relation; contrary to the M alloy be- 
havior, J-1 alloy actually undergoes con- 
sistently greater reduction of area in the 
impact test. To complete the static 
versus impact data, toughness spot checks 
were run on M, FS-1, J-1, and 24S-T 
alloys at three notch radii as reported in 


TABLE II (lAlb).— TENSILE TOUGHNESS— STATIC VERSUS IMPACT— EXTRUSIONS. 
(Concentric loading, circumferential notches) 




Toughness 

Reduction of Area 

Alloy 

Notch 

Radius, 

Static 

Impact 

Static 

Impact 


in. 

ft-lb. 

Notch 

Factor 

ft-lb. 

Notch 

Factor 

Per Cent 

Notch 

Factor 

Per Cent 

Notch 

Factor 


0.075 

9 

0.11 

11 

0.12 

5.2 

0.17 

I 4.8 

0.42 

M..... 

2 

21 

0.26 

26 

0.29 

16.7 

0.54 

1 11.1 

0.97 


200 

80 


89 


30.7 


11,5 


0.075 

13 

0.16 

15 

6.17 

9.8 

6.30 

7.9 

6.23 

FS-1 - 

2 

40 

0.48 

38 

0.43 

32.1 

0.99 

31.5 

0.92 


200 

83 


88 


32.2 


34.4 


0.075 

14 

6.12 

15 

6.12 

9.7 

6.40 

9.6 

6.28 

J-1 ................ 

2 

48 

0.41 

47 

0.37 

31.0 

1.27 

33.5 

0.99 


200 

116 

127 

24.4 


33.7 


' 0.075 

41 

6!i8 

51 1 

6^22 

16.0 

6!48 

13.9 


24ST ■ 

2 

77 

0.34 

78 ! 

0.34 

28.0 

0.84 

28.5 



200 

226 

>220 

33.5 



Figure 6 is a plot of tensile strength 
versus notch radius for the wrought 
alloys. Again the curves of the various 
alloys are similar with minor exceptions 
at the sharper notches. 0-lHTA under- 
goes a decrease in strength at greater 
notch radii than the other compositions; 
in this respect 0-lHTA behaves much 
like the cast magnesium alloys. In sen- 
sitivity to the sharper notches, M and 
J-1 fall between 0-lHTA and 24S-T or 
FS-L . 

The wrought alloy static reduction-of- 
area curves, Fig. 7, reveal that 24S-T 
best retains its ductility as notch sharp- 
ness increases; J-1 and FS-1 are inter- 


Table II. There is little effect of testing 
speed except on the reduction of area of 
M alloy as previously observed. J)^ote, 
however, that the rupture energy of M 
alloy is not decreased by impact testing. 

The toughness curves (Fig. 9) indicate 
generally similar behavior of the alloys 
except for the lower sensitivity of 24S-T 
at sharp notch radii; and over-all differ- 
ences in toughness level. The rupture 
energy of 24S-T in this test is 2 to 5 
times that of the magnesium alloys of 
which J-1 and FS-1 alloys are the tough- 
est and 0-lHTA is the least tough. 

Certain rough comparisons may be 
made with Sachs’ (2) results on heat- 
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treated low-alloy steel On S.A.E. 3140 ■ Tension Tests — Concentric Loading of 
steel heat-treated to 240,000 psi. tensile Flat Specimens with Holes {I A 4): 
strength, he has obtained tensile strength The general shape of the specimens is 
versus notch radius curves of similar indicated in Fig. A1 (5). Hole diameter 

shape to those presented above, except d was held constant at !%■ in, and the 

that the strength increase due to notch- width of the spechnens w was varied to 
ing is greater (notch factor as high as produce the desired d/w value s. In the 

1.5 for a 50 per cent notch) and maxi- specimens having three holes, w desig- 

mum strength occurs at somewhat sharper nates the distance between hole centers, 

notches than for magnesium. However, The edge distance was equal to w/2, 

the initial rate of strength increase with The long 12-in. reduced section was in- 



Fig. 13 (IA4). — Specific Static Toughness versus Ratio of Hole Diameter to Specimen 
» Width for Sheet. 

Concentric loading. 


decreasing notch radius appears to be 
approximately the same for steel, alum- 
inum, and magnesium alloys. This 
substantiates Sachs’ explanation of the 
efiect as due to increasing triaxiality of 
the stress state, a factor substantially 
independent of the material, provided 
there is sufficient ductility to eliminate 
the initial stress concentration. The 
occurrence of the maximum strength at 
greater notch radii in the case of mag- 
nesium alloys is probably related to 
lower notch ductility and failure to 
eliminate completely the initial stress 
concentration. 


troduced as an aid in attaining axial 
alignment. 

The relation- between strength and 
d/w is 'depicted in Figs. 11 and 12 for 
the single-hole and three-hole tests, re- 
spectively. It should be pointed out 
that no attempt is made to separate the 
effect of width alone from that of rela- 
tive hole diameter and specimen width. 
The unnotched specimens, on whose 
strengths the notch factors are based, 
were of standard' dimensions (f-in, re- 
duced section width) ; unnotched speci- 
men strengths are plotted at d/w, — G. 
The discontinuity between d/w = ' 0 and 



On Notch Sensitivity of Magnesium and Aluminijm-Base Alloys llil 


0.1 is indicated by the broken-line curves 
in this region. In almost every case, 
maximum notch sensitivity occurs in the 
region of d/w = O.L The less ductile 
alloys, Mh, FS-lh, J4h, and 7SS-T 
appear to have flatter curves, that is, 
exhibit less notch effect. Also of interest 
is the fact that the three-hole condition 
usually results in a smaller strength de- 
crease than the one-hole condition. At 
d/w = 0.3, a common rivet hole pitch 
ratio, the strength of the net section is 
within 5 per cent of the tensile strength 
for all alloys, except for Ma, which ex- 
ceeds this limit on the safe side. At 


TABLE III.-TENSILE TOUGHNESS, 
(a) Sheet (IA4) 


Alloy 

Specific Toughness, 
in-lb. per sq. in. X 10 

Notch Factor 
d/w=0.3 

! Un- 

1 <i/w®=0.3 j 

notched® 

1 hole 

3 holes 

1 hole 

3 holes 

Ma 

10.6 

0.958 

1.530 

0.090 

0.144 

Mh 

4.9 

0.597 

0.730 

0.122 

0.149 

FS-la ! 

16.1 

1.440 

2.090 

0.089 

0.130 

FS-lh ; 

10.9 

0.907 

C.907 

0.083 

0.083 

J-la 

13.9 

0.650 

0.950 

0.048 ! 

0.068 

J-lh 

10.6 

0.749 

0.770 

0.071 1 

0.073 

24S-T 

23.7 

1.400 

1.590 i 

0.0S9 

0.067 

75S-T(Alclad).. 

20.2 

1.410 

1.930 

, 

0.070 

0.096 


d/w = 0.1, the following orders of in- 
creasing notch sensitivity prevail: 

One Me: (75S-T, FS4h, Mh), (J-lh, Ma, 
FS4a, 24S-T), J-la. 

Three holes: (FS-lh, 75S-T, Mh, J-lh, Ma), 
FS-la, (24S-T, J-la). Note the superiority of 
M and FS-1 to J-l alloy in both hard and soft 
states. 

In spite of the scatter in the rupture- 
energy data (Fig. 13), the following 
points are established: (1) for a given 
alloy and d/w value, the three-hole con- 
dition usually shows greater specific rup- 
ture energy than the one-hole condition; 
(2) the aluminum alloys fall in the same 
toughness range as the tougher mag- 
nesium alloys. This latter fact is par- 
ticularly striking, in '.view: of the un- 


notched tensile toughness figures in 
Table III which show a considerable 
advantage of 24S-T over the soft mag- 
nesium alloys. Magnesium alloys must 
exhibit lower ductility notch sensitivity 
in this ' test. The high-strength mag- 
nesium sheet alloy FS-lli is about two- 
thirds as tough in this test as 24S-T. 
Order of increasing toughness notch 
sensitivity at d/w = 0.3 is: 

One hole: Mh (Ma, FS-la, FS-lh),' (J-lh, 
75S-T), (24S-T, J-la.) 

Three holes: (Mh, Ma, FS-la), (75S-T, FS-lh), 
g-lh, J-la, 24S-T). 

'Again M and FS-1 are suf>erior to J-1. 

Discussion 

The complexity of the notch sensitivity 
problem was clearly evident from the test 
data. At present, there is no doubt of 
the impossibility of stating generally 
applicable notch sensitivity indices for 
any specific material. The notch effect 
varies with stress state in a manner that 
can sometimes be rationalized, but sel- 
dom, if ever, predicted. The present 
results, if they are to have any great 
utility, must be reduced to a few gen- 
eralizations. This section is devoted to 
that task by a review of the most im- 
portant results with particular attention 
to the practical significance of the various 
tests and the relative notch sensitivity of 
the materials tested. For this purpose 
notch effects on strength, ductility, and 
toughness will be separately discussed. 
The average notch factors of individual 
alloys in the various tests reported on are 
summarized in Table XIII. The trend of 
the discussion has not been invalidated 
by the lack of portions of the original 
test data since all of the data lead to the 
general type of conclusion. 

Strength Notch Sensitinty: 

Since all failures in the last analysis 
are due to strength inadequacies, strength 
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notch sensitivity is of primary import- 
ance and will be considered in some 
detail. 

In concentric tension tests on round 
notched bars, magnesium-base alloys are, 
in general, more notch sensitive to 
severe notches than aluminum-base al- 
loys. Of the magnesium-base alloys, the 
cast alloys and 0-1 HTA are most sensi- 
tive; FS-1 the least sensitive; and J-1 
and M intermediate in behavior. How- 
ever, a loss in strength occurs only under 
severe notch conditions unlikely to occur 
in service. For this reason, the results 
of this test are probably of minor prac- 
tical importance. 

The concentric tension tests on flat 
notched bars approximates a common 
service condition, for example, riveted 
joints. However, concentric loading is 
a rare thing in actual structures. The 
outstanding result is the fact that the 
hard materials are less notch sensitive 
than the soft materials in this test. The 
restriction of work strengthening is the 


most likely explanation for this. FS-lh 
is similar to 75S-T and superior to 24S-T, 
M, FS-la, and J-1 alloys. 

The eccentric notched tension tests 
simulate a common service condition. 
Although the actual stresses imposed are 
not known, the differences in alloy be- 
havior under the same conditions is of 
interest. The cast magnesium-base al- 
loys are more notch sensitive than the 
cast aluminum-base alloys. This result 
is similar to that obtained in sharply 
notched concentric tension tests and is 
undoubtedly due to the same funda- 
mental difference, possibly a greater sup- 
port effect in the aluminum alloys. Of 
the magnesium-base alloys, the HT 
states are less sensitive than the AC 
and HTA stxtes. For a given state, H 
and C alloys behave similarly except for 
the AC state in which H is superior. 
These relations are reasonably well ex- 
plained by ductility. 

The same test groups the wrought 
alloys as follows: FS-la sheet and FS-1 


TABLE XIII.— SUMMARY OF AVERAGE NOTCH FACTORS IN THE VARIOUS TESTS." 

( a ) Strength 


Test lAl (Static)® 

IA4 (1-Hole) 

IA4 (3-Hole) 

Material | Notch Factor 

Material j Notch Factor 

Material | Notch Factor 

Cast 

Wrought 

Wrought 

220T-4 

1.14^ 

1.13 

1.12 

1.11 

1.10 

1.12 

1.07 

1.05 

1.06 

75S-T 

0.99 

0.97 

0.96 

FS-lh 

0.99 

0.99 

0.97 , 

0.96 

0.95 

0.972 

0.90 

0.86 

0.86 

0.86 

H-HTA 

FS-lh 

7.SS-T 

C-HT 

Mh 

Mh 

C-HTA 

i 

J-lh 

J-lh 

195T-6.' 

0.973 ' 

0.90 

0.90 

0.89 

0.88 

0.893 

0.84 j 

Ma 

H-HT 

FS-la . . . 

Ma 

FS-la 

94S-T 

356T-6 

24S-T 

J-1 a 


J-la 



Wrought 


i 

FS-l. 

1.15 

1.13 

1.12 

1.133 

1.09 

1.08 

1.085 





24S-T. 

M. 

J-1 " 

0-lHTA 




On Notch Sensitiyity of Magnesium and Aluminum-Base Alloys 1113 


TABLE XIII , — Continued 
(6) Ductility 


Test lAl (Static) 

lAl (Impact) 

Test lAl (Static) 

lAl (Impact) 

Material 

Notch Factor 

Material 

Notch Factor 

Material 

Notch Factor 

Material | 

[ Notch Factor 

Cast 

Cast 

Wrought 

Wrought 

H-HTA 

1.49 

H-HTA ... 

1.38 

0-lHTA... 

1.02 

24S-T 

0.93 

G-HTA 

1.44 

C-HTA . . . 

1.14 



! 0-lHTA... 

0.90 


. 

H-HT 

1.11 




— — 


1.465 






0.915 

C-HT 

1.26 


1.125 





H-HT 

1.11 

22nT-4 i 

1 04^ 

24S-'T’ 

0.85 

J-l........ 

0.77 

220T-4i ...... 

1.11^ 

195T-6 ^ 

1 04 


n.Ri 

M 

0.74 



3S6T-6 ! ‘ : 

i'.oi 



FS-i 

0.70 


1.11 

C-HT 

0.98 


0.83 


— — , 








0.737 




1.014 


i 



19ST-6 

1.02 



T-1 

0.70 



356T-6 

0.98 



M 

0.49 




1.00 








(c) Toughness 


Test lAl (Static) 

lAl (Impact) 

lAi (i-hole) 

IA4 (3-hole) 

Material 

j Notch Factor 

Material 

Notch Factor 

Material 

Notch Factor 

Material 

Notch Factor 

Cast 

Cast 1 

1 

Wrought 

Wrought 

C-HTA 

C-HT 

H-HTA 

H-HT 

195T-6 

356T-6 

220T-4 

0.46 

0.44 

0.44 

0.447 

0.37 

0.31 

0.3L 

0.27^ 

0.297 

H-HT 

C-HTA . . . 
H-HTA ... 

C-HT 

220T-4 .... 
356T-6 .... 
195T-6 .... 

0.41 

0.36 

0.33 

0.367 

0.28 

0.26^ 

0.25 

0.23 

0.255 I 

Mh 

Ma 

FS-la 

FS-lh 

J-lh 

75S-T 

24S-T i 

J-la I 

0.122 

0.090 

0.089 

0.083 

0.0872 

0.071 

0.070 

^0.0705 

0.059 

0.048 

^0.0535 

Mh 

Ma 

FS-la 

75S-T 

FS-lh ! 

J-lh 

J-la 

24S-T 

0.149 

0.144 

0.130 

0.141 

0.096 

0.083 

0.0895 

0.073 

0.068 

0.067 

0.0693 


Wrought 




J-l 

24S-T 

FS-1 

M 

0-lHTA... 

0.37 

0.30 

0.27 

0.285 

0.23 

0.22 

0.225 




“ Tests are identified by the designation used in Appendix 1. 
^ Average of results for three notch radii only. 


extrusion least sensitive, 24S-T, FS-lh 
sheet, Ma sheet, J-1 extrusion, M extru- 
sion intermediate, and J-la sheet, J-lh 
sheet, Mh sheet, 0-lHTA extrusion 
most sensitive. This result is different 
from that for concentric tension in that 
the Mg sheet alloys in the annealed state 
are less sensitive than corresponding 


alloys in the hard state. Evidently duc- 
tility is of greater importance in eccen- 
tric tension. The relatively low notch 
sensitivity of FS-1 alloy is again demon- 
strated. No fundamental difference in 
behavior of 24S-T and magnesium-base 
alloys is indicated. Tension tests of flat 
specimens with a sharp surface notch 
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lead to the same conclusion. FS alloy, 
IS again less sensitive than J-1 alloy. 

■ The torque at rupture in bending tests 
on flat specimens with edge notches is a 
measure of strength under complex stress 
conditions allowing ■ considerable de- 
formation before fracture. FS-la, FS-lh, 
and 24S-T are the least sensitive, and 
Mil and 0-1 HTA the most sensitive of 
the alloys tested. This is in line with 
the eccentric tension test results. FS-1 
alloy is also the least sensitive of the 
sheet alloys to surface notched bend tests 
both with and without edge notches. 
24S-T ranks close to FS-lh, slightly 
more sensitive in the former and less 
sensitive in the latter. 

The punch or bulge tests, although 
primarily of interest from the toughness 
standpoint, give an indication of strength 
sensitivity to a biaxial stress state. 
Ductility strongly influences the fracture 
load in this test because the tensile stress 
for a given load decreases rapidly with 
increasing deflection. Thus H-HT is the 
least sensitive of the cast materials tested 
followed by H-HTS and C-HT. Differ- 
ences are small among the remaining 
alloys. 

The strength sensitivities of sheet 
alloys in this test show mild steel to be 
less sensitive to a considerable extent 
than .24S-T which ranks just above the 
least sensitive magnesium-base alloys, 
FS-la, Ma, and FS-lh. FS-1 alloy 
again exhibits its superiority over M 
and J-1. Note that R301-T and 75S-T 
are more sensitive than 24S-T. 

Strength sensitivity to tearing stresses 
may be of importance in determining 
resistance to crack propagation. Mild 
steel, 52S-1/2H, and 24S-T are noticeably 
less sensitive to tearing stresses than the 
magnesium alloys as a class. R301-T 
and 75S-T rank with the best magnesium 
alloys, Ma and FS-la. Among the 
magnesium alloys, the annealed sheet 
alloys are superior to the corresponding 


alloys in the hard-rolled state; M and 
FS-1 are superior to J-1. 

In summary, then, strength notch 
sensitivity indices of general applica- 
bility cannot be stated. Differences in 
behavior ’ between magnesium-base 'and 
aluminum-base alloys are not likely to 
be of any great practical significance, 
except possibly for the most sensitive 
magnesium-base alloys. The cast mag- 
nesium-base' alloys are slightly more 
notch sensitive than the cast aluminum- 
base alloys. The best wrought mag- 
nesium alloys compare favorably with 
24S-T. Among the magnesium-base 
alloys the less ductile states — AC and 
HTA cast, h and 0-lHTA wrought— 
are more sensitive to eccentric notched 
tension. Of the strong magnesium-base 
sheet alloys FS-lh is consistently less 
notch sensitive than J-lh.® 

Ductility Notch Sensitivity: 

Ductility notch sensitivity is of inter- 
est because of its relation to formability 
and to strength notch sensitivity. Duc- 
tility and strength sensitivity are mu- 
tually interdependent in many cases. 

Cast alloy reduction-of-area sensitivi- 
ties to the sharpest notches (those caus- 
ing strength decreases) in concentric ten- 
sion show only minor differences. Among 
the wrought alloys, 24S-T behavior 
differs from that of the magnesium-base 
alloys in that ductility is maintained to 
lower notch radii. Very sharp notches 
tend to reduce 24S-T to the same sensi- 
tivity level as magnesium-base alloys. 

With the single exception of 0-lHTA, 
the wrought magnesium-base alloys have 
lower ductility sensitivity than 24S-T in 
the various bend tests on flat specimens. 
There are no other consistent trends in 
the magnesium alloy differences. 

The ductility sensitivity differences 

5 The new magnesium-base sheet alloy, JS-1, is expected 
largely to replace J-1. In notch sensitivity and toughness 
it is intermediate between FS-1 and J-1, 
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among the cast alloys to the stress state 
in the bulge test is of doubtful signifi- 
cance because of the high percentage 
random ductility differences which may 
occur from batch to batch of a given alloy. 
Among the wrought alloys, R301-T 
and 52S-1/2H have outstandingly low 
sensitivity; 75S-T and 24S-T . rank 
just above the best magnesium alloys, 
Mh and Ma; FS-1, mild steel, and J-1 
alloys have the highest sensitivity. 

In general, no fundamental differences 
in ductility notch sensitivity were noted 
between magnesium-base and aluminum- 
base alloys, with the possible exception 
of the wrought alloys in the bulge test. 

Toughness Notch Sensitivity: 

Toughness may be considered to de- 
pend on the more fundamental proper- 
ties of strength and ductility. If these 
properties were understood completely 
there would be no need for studying 
toughness. However, it is, of ten easier 
to make an energy measurement than 
one of strength and ductility; and, in 
certain practical instances, more may be 
known of energy input than of the re- 
sulting load and deflection. This is 
nearly always true for impact loading 
conditions; thus, toughness has come to 
be associated with impact. Rightly con- 
sidered, rate of loading is merely one of 
several factors influencing strength, duc- 
tility, and their integrated product, 
toughness. The geometry of the speci- 
men and loading have tremendous in- 
fluence on the capacity for energy ab- 
sorption and it is with these effects that 
we are now concerned. However, due to 
the general unfamiliarity with relative 
absolute toughness values and their 
apparent importance, these also deserve 
attention. 

- In concentric tension tests, toughness 
notch sensitivity differences among the 
cast alloys are small, but the aluminum 
alloys are slightly more sensitive than 


magnesium alloys. In absolute tough- 
ness, the magnesium alloys in the HT 
state^ and 220T-4 are superior, the HTA 
magnesium alloys intermediate, and 
195T-6 and 356T-6 the least tough. The 
same, statements hold for the impact 
tests. The wrought alloys show great 
similarity in their notch behavior except 
for the superiority of 24S-T under sharp 
notches. Absolute toughness values re- 
veal greater differences; 24S-T is ap- 
proximately two to three times as tough 
as the best magnesium alloys FS-l 
and J-1 ; M and 0-lHTA are about one 
half as tough as FS-1 and J-1. 

Concentric notched tension tests on 
flat sheet specimens produce relatively 
greater notch sensitivity in 24S-T than 
in 75S-T and the magnesium sheet 
alloys. Among the magnesium alloys, 
the order of increasing sensitivity is M, 
FS-1, and J-1. The relative sensitivities 
result in absolute toughness of approxi- 
mately the same magnitude for FS-la, 
24S-T, and 75S-T. FS-lh, the toughest 
of the hard-rolled magnesium alloys, is 
about 60 per cent as tough as 24S-T in 
this test. 

The alloy 24S-T is also highly notch 
sensitive in the eccentric notched tension 
test, ranking with 0-lHTA the most 
sensitive magnesium alloy. FS-1 is the 
least sensitive alloy tested; M, J-1, and 
75S-T are intermediate. In absolute 
toughness, 24S-T and 75S-T are similar 
and superior to the magnesium-base 
alloys under mild notches; and in the 
same range, under sharp notches. 

Charpy type toughness tests reveal 
similar notch behavior of aluminum and 
magnesium alloys in both the cast and 
wrought fields. The notch sensitivity 
differences among the alloys do not 
appear to be of great importance. Abso- 
lute toughness values, however, clearly 
show: the superiority of 220T-4 and 
24S-T in the cast and ■ wrought fields, 
respectively; the inferiority of C-HTA 
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arid O-IHTA; the superiority of H over 
C alloy; and the superiority of the HT 
over the HTA state. 

Bending of flat, edge notched speci- 
mens provides another case in which 
24S-T is more sensitive than most of the 
magnesium alloys, only 04HTA being 
more sensitive. M and FS-1 are again 
superior to J-1. As to toughness levels 
among the magnesium alloys, the soft 
state is superior to the hard for a given 
alloy, and FS alloy is superior to M and 
J-1. 24S-T is similar to FS-la for sharp 
notches and superior to it under mild 
notches. 

In the surfaced notched bend tests, 
24S-T exhibited about the same sensi- 
tivity as Mh and FS-lh. Ma and FS-la 
were superior and J~1 alloy worse. 
Toughness values showed the usual su- 
periority of the annealed over the hard 
state of magnesium alloy sheet, and of 
FS-1 over M and J-1. Simultaneous 
surface and edge notches produce greater 
sensitivity in 24S-T than in any of the 
magnesium alloys among which FS-lh 
and Ma are the least sensitive. 

Notch sensitivity in the bulge test 
ranks the cast aluminum-base alloys 
among the magnesium-base alloys. H- 
HT is outstanding on the low and C- 
HTS on the high sensitivity side. The 
same holds true for actual toughness 
values. Among the wrought alloys 
R301-T, mild steel, 24S-T, and 52S-1/2H 
are all less sensitive than magnesium 
sheet alloys. Magnesium alloys are less 
sensitive in the soft state; and J-1 is the 
most sensitive of the alloys. Actual 
toughness values again indicate im- 
portant alloy difference more clearly 
than sensitivity figures. 

The tear toughness test results are 
believed to have direct bearing on the 
manner of failure of a complex structure. 
These tests measure the energy required 
for propagation of a crack. If this 
energy requirement is low, there will be 


a tendency for the brittle or shattering 
type of failure; high tear toughness, on 
the other hand, tends to localize the 
fracture. 

Relative sensitivities to tearing stresses 
reveal 24S-T to be less sensitive than the 
other wrought alloys tested. Of the 
magnesium- alloys, FS and M are less 
sensitive than J-1 and 0-lHTA. Cast 
magnesium and aluminum-base alloys 
fall in the same range of sensitivity, but 
aluminum-base alloys are consistently 
near the top of the range (least sensitive). 
As in other toughness tests, the actual 
toughness values may be of greater sig- 
nificance than the sensitivity figures. 
In this respect, 24S-T and H-HT are 
outstanding for high toughness among 
the wrought and cast alloys respectively. 
FS-la is the toughest magnesium-base 
^sheet alloy and FS-lh is the toughest of 
the hard-rolled magnesium-base sheet 
alloys. Mh, J-lh, 0-lHTA, and C-HTS 
are among the least tear tough materials 
tested. 

Summing up the toughness tests, 
magnesium and aluminum-base alloys 
have, on the average, the same order of 
toughness notch sensitivity. Specific 
tests can be chosen which will show an 
advantage of either group of alloys or of 
an individual alloy within a group. The 
actual toughness values show large 
differences. In this consideration the 
cast magnesium and aluminum-base 
alloys fall in the same toughness range; 
24S-T is considerably tougher than 
wrought magnesium, particularly the 
hard-rolled sheet alloys. Among the 
cast aluminum-base alloys, 220T-4 is 
outstandingly tough; H-HT occupies the 
same position among the cast magne- 
sium-base alloys. Among the wrought 
magnesium-base alloy FS-la sheet and 
FS-1 and J-1 extrusions are the toughest. 
FS-lh is the toughest of the hard-rolled 
magnesium-base sheet alloys. 

Considering the shift in emphasis from 
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notch sensitivity to toughness which re- 
sults from the present work, it is fitting 
to discuss this property in greater detail 
with the characteristics of magnesium in 
mind. The capacity for energy absorp- 
tion in the elastic range is known as 
resilience. Toughness includes resilience 
plus the capacity for energy absorption 
in the plastic range. Both resilience and 
toughness may be further classified as 
direct or inertial as to the type of load 
application. Direct loads are those 
applied to the specimen (or structure) 
by an external force; inertial loads are 
those induced in a specimen (or struc- 
ture) by the acceleration of one of its 
parts. Two characteristics of mag- 
nesium-base alloys give them unique 
advantages in toughness. The low elas- 
tic modulus enhances resilience and the 
low specific gravity reduces the inertial 
loads. As a final point, the tests and 
comparisons in this paper have all been 
on the basis of equal volumes of mate- 
rials. Low specific gravity makes possi- 
ble, without a weight penalty, the thick- 
ening of critical sections to lower stresses 
and improve their distribution. 

Summary 

1. The effect of a wide variety of 
stress concentrations and loading condi- 
tions on the strength, ductility, and 
toughness of a number of magnesium- 
base and aluminum-base alloys was 
determined. Attention was concentrated 
on the higher strength compositions in 
the case of the aluminum-base alloys. 

2. The complications of testing for 
notch sensitivity are such that a sensi- 
tivity index of general applicability for a 
given material cannot be stated. As the 
severity of the stress state varies, the 
sensitivity of a given material changes 
widely, with the result that the order of 
merit of several materials depends on 
the stress state. 

3. Cast magnesium and aluminum- 


base alloys are similar in strength and 
ductility notch sensitivity. Aluminum- 
base alloys have a slight advantage in the 
tension type test, but H-HT is superior 
in the bulge test. 

4. Cast magnesium and aluminum- 
base alloys are similar in toughness 
notch sensitivity. Magnesium-base al- 
loys have a slight superiority in the 
tension type test and H-HT is out- 
standing in the bulge and tear tests. 

5. As to actual toughness values, cast 
magnesium and aluminum-base alloys 
fall in the same range. The aluminum- 
base alloys increase in toughness relative 
to magnesium-base alloys as the test 
changes from the tension to the bending 
type. Alloy 220T~4 is outstandingly 
tough in the Charpy type test; H-HT is 
outstandingly tough in the bulge and 
tear tests. 

6. As to differences among the cast 
magnesium-base alloys, the general su- 
periority of H over C and of the HT 
state over the AC and HTA states of 
either alloy is indicated, particularly 
when toughness is desired. 

7. Wrought magnesium-base alloys 
and aluminum 24S-T fall in the same 
range of strength notch sensitivity, but 
24S-T is at the top of the range (least 
notch sensitive). Thus the best mag- 
nesium-base alloys are substantially like 
24S-T ; the poorest magnesium-base 
alloys are somewhat more notch sensi- 
tive. 

8. Wrought magnesium-base alloys 
and aluminum 24S-T appear to be simi- 
lar in ductility and toughness notch 
sensitivity, but these properties vary 
widely with stress state. 

9. Whought magnesium-base alloys 
are less tough than aluminum 24S-T. 

10. Among the wrought magnesium- 
base sheet alloys, FS-1 stands out as the 
composition having the lowest notch 
sensitivity and highest toughness. In 
the extruded state J-1 is as good as FS-L 
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A PERMEAMETER FOR METALS USED IN CATHODE~RAY AND 

TELEVISION TUBES* 

By Howard J. Evans^ 


Synopsis 

The construction and calibration of an inexpensive permeameter for rapid 
routine measurements of paramagnetic alloys of low permeability are described. 
The permeameter can be used to measure the permeability of metal samples in 
the form of wire, strip, rod, tubing, or any sample whose cross-section is con- 
stant throughout its length. A typical sample of strip would be 2.5 by 0.5 by 
0.030 in. Values of the quantity (/x — 1) can be determined to ±2 per cent for 
metals whose permeabilities lie between 1.05 and 1.0005. Application of the 
permeameter is made to the measurement of the permeability of six alloys 
which have been used in cathode-ray and television tubes. The permeability 
of each alloy when fully annealed is found to be a constant independent of the 
magnetizing field used. ■ ■ ’ 


In the manufacture of cathode-ray 
and television tubes, it is necessary to 
use nonmagnetic metals. The use of 
any magnetic metal between the cathode 
and fluorescent screen might produce 
undesirable deflection or defocusing of 
the electron beam. The gun assembly, 
therefore, uses nonmagnetic alloys in 
various forms, such as wire, strip, 
ribbon, and tubing. 

The measurement of the permeability 
of these materials has always presented 
a problem because of the inadequacy of 
existing test methods for materials .of 
low permeability. The use of standard 
test equipment and procedures has not 
proved feasible, inasmuch as the raw 
materials as received for tube construc- 
tion are generally not of the required 
size or shape. 

This, paper describes the adaptation 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24"28, 1946. 

1 Engineering Department, RCA Victor Division, 
Radio Corporation of America, Eancaster, Pa. 

2The Doldface numbers in parentheses refer to the 
references appended to this paper, see p, 1125. 


of an absolute method (l)^ to the rapid 
routine testing of paramagnetic materials 
falling within the permeability range of 
1.05 to 1.0005. The permeameter de- 
scribed is inexpensive, easy to construct, 
easy to operate, and is readily adapted 
to the testing of metals without elaborate 
sample preparation. 

Equipment ■ 

As may be seen in Figs. 1 and 2, the 
permeameter consists of an analytical 
balance mounted above an electro- 
magnet. The left-hand pan of the 
balance is removed and a counterpoise 
is substituted. Directly below the coun- 
terpoise, a hole is bored in the bottom 
of the balance case so that a plumb line 
suspended from the counterpoise passes 
directly through the center of the air 
gap of the magnet. The top of the 
magnet housing is cut away and the 
space between the bottom of the analyt- 
ical balance and the magnet pole pieces 
is surrounded by a bakelite cylinder. 
A section of this cylinder is cut away 
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Fig. L — Fhotograpli of Permeameter. 
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and replaced by a hinged Lucite plate 
which protects the sample from air 



Fig. 2. — Schematic Sketch of Permeameter. 


currents during adjustments of the 
analytical balance. 


The yoke of the magnet consists of 
two 1-in. steel rods 8 in. long mounted 
on a steel base If by 1 by 8 in. The 
two rods are turned down to | in. in 
diameter on each end for I in. Two 
f-in. holes drilled into the base | in. 
deep and 5 in. from center to center 
permit the rods to be securely fastened 
into the base by 8-32 machine screws 
threaded into the ends. Each rod has 
a thin brass disk press fitted on each end 
against the shoulder formed by the 
removed section. On each spool thus 
formed, about 1500 ft. of No. 20 
General Electric Formex magnet wire 
is layer-wound. If smaller wire is used, 
the coils will heat during operation 
over extended periods. The yoke is 
capped by two pole pieces which form 
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an air gap f in. longj 1| in. wide, and 
I in. deep. 

The sample whose permeability is to 
be measured is suspended from the 
counterpoise between the poles of the 
electromagnet, and the permeability is. 
calculated from the increase in down- 
ward force when the field is turned on. 
If a hole is drilled and tapped through 
the counterpoise, the copper wire on 
which the samples are supported can be 
fastened to a screw and the screw used to 
raise or lower the sample in the air gap. 
In this way the sample can be easily 
oriented so that the bottom of the sample 
is within d-iV l^he center line of the 
air gap. 

Theory oe Measurement 

Gouy ( 2 ) devised a method of measur- 
ing the susceptibility of materials that 
are paramagnetic. In this paper, par- 
amagnetic materials will be construed 
to mean materials in which there is a 
linear relationship between the magnetiz- 
ing force and the intensity qi magnetiza- 
tion. In the Gouy method, a sample to 
be tested is arranged as shown in Fig. 2. 
The sample is suspended from the left- 
hand arm of the analytical balance so 
that its lower end comes at the center 
of the air gap in a region of strong field 
intensity, while the upper end is in a 
region of much smaller field intensity. 
Under this arrangement it can be 
shown ( 3 , 4 ) that the increase in force 
in the downward direction, F in dynes, 
acting on the sample is given by 

F = 1/2 {Ki - K2) ml - Hi) A . . (1) 

where Ki and ^"2 are the volume sus- 
ceptibilities of the sample and air, 
respectively, in electromagnetic units, 
and Hi and 1/2 are the magnetizing 
forces in oersteds at the bottom and top 
of the sample respectively. A is the 
cross-sectional area of the sample in 
square centimeters. Assumptions made 


in the derivation of Eq. 1 require that 
Ki be independent of E and that the , 
cross-section be , constant throughout 
the length of the sample. If the sample 
is sufficiently long, ^ will be over 100 
times H\, therefore may be neg- 
lected in comparison with H\, K% 
may also be neglected in comparison 
with Ki for these measurements. Equa- 
tion 1 then reduces to 

E = ... ... . .. . (2) 

where the subscripts have been dropped 
and it is understood that K refers to the 
volume susceptibility of the sample 
and that H refers to the magnetizing 
force at the center of the air gap between 
the pole pieces. 

In texts on electricity and magnetism 
( 5 ), it is shown that 

B (3) 

where B is the magnetic induction in 
gausses inside the material, H is the 
magnetizing force in oersteds, and I is 
the intensity of magnetization or mag- 
netic moment per unit volume. It is 
customary to define the permeability /x 
of a material by the ratio 



If both members of Eq. 3 are divided 
by iJ, one gets 

M = ^ = 1 + = 1 + 47rJ:.. (5) 

Jd a 

where K represents ~ and is known as 
M. 

the volume susceptibility. The sus- 
ceptibility per unit mass is usually 
represented by symbol x and is related 
to the volume susceptibility K by the 
relation K = px, where p is the density 
of the magnetic material. 

When all the refinements in the design 
of the equipment and in the technique 
of the measurements have been carried 
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oiitj it is possible to measure K to three 
or four significant figures. However, 
in the routine testing of materials, K 
does not need to be known to more than 
two significant figures. This fact allows 
many of the refinements in design and 
in measurement technique to be ne- 
glected, as, for example, the residual 
magnetism of the magnetic cores when 
the current has been turned off. 


Calibration OF Equipment 

The permeability can be obtained 
'♦from Eqs. 5 and 2 by solving Eq. 2 for K 
and substituting it into Eq. 5. This 
gives 


jtt = 1 + 4ir X 


2 P SwF 

Am~ A3*' ■ 


( 6 ) 


A can be measured with a micrometer 
and F with the analytical balance so 
that fi can be calculated from Eq. 6 
if JP is known. 

There are two convenient ways to 
measure the field intensity H, One 
method consists of using a flux meter 
with a calibrated coil placed in the air 
gap and reading the flux density directly 
for any given current in the magnetizing 
coils. Since the steel core of the electro- 
magnet exhibits some hysteresis (and 
this fact is important for measurements 
made with the field on), consistent 
measurements for a given magnetizing 
current can be obtained only if the field 
in the air gap is measured at the peak of 
a symmetrical hysteresis loop. To be 
sure that a symmetrical hysteresis loop 
is obtained, the reversing switch shown 
in Fig. 2 should be used to carry the 
magnet core through several cycles of 
its hysteresis loop for a fixed current 
before reading the flux meter. This 
procedure is essential if the same field 
■H for SL given current is always to be 
obtained. The values of H can be 
found for several different values of the 


current and then these same currents 
always used during measurements. 

If a flux meter and calibrated coil are 
not available, the value of II can easily 
be found for different fixed currents by 
using a sample whose volume suscepti- 
bility K is. known. A solution of c.p. 
nickel chloride is well suited for this 



Fig. 3. — Solubility of NiCl2 *61120 versus 
Temperature. 


purpose because the value of the sus- 
ceptibility per gram, %, is independent 
of concentration within the limits of 
allowable error. The susceptibility per 
gram of nickel chloride is given (6) by 

X = p-— / - 0.720 e]-/) j X 10-» . . (7) 

where T is the absolute temperature of 
the solution and / is the fraction by 
weight of nickel chloride in the solution. 
A curve is plotted showing the concentra- 
tion of nickel chloride versus temperature 
for a saturated solution. Data for such 
a curve were taken from the Inter- 
national Critical Tables (7) and are 
plotted in Fig. 3. From the curve, the 
mols per cubic centimeter of nickel 
Ghlori4e in solution at the desired tem- 
perature can be read directly. ' When 
multiplied by 129.6 (the gram molecular 
weight of nickel chloride), the weight 
of nickel chloride present is obtained in 
■grams per cubic centimeter. . The num- 
ber of grams of nickel chloride present 
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per cubic centimeter divided by the 
density of the solution gives the value 
. of / to be used in Eq. 7. The value of 
K for the nickel chloride solution is 
obtained by multiplying the value of 
X obtained from Eq; 7 by the density of 
the solution. 

To measure* H at the center of the 
air gap in the magnet, a small cylindri- 
cal flat-bottom glass vial is suspended 
from the counterpoise so that the bottom 
of the vial is at the center of the gap. 
The analytical balance is read with the 
field off and again with the field on. 
Any difference in these readings is the 
magnetic force on the glass. The vial 
is then filled with nickel chloride solution 
and weighed again with the field off and 
the field on. The difference in these two 
readings, when corrected for the mag- 
netic force on the glass and converted to 
dynes, is the value of F used in Eq. 2. 
(The magnetic force on the glass vial 
used in the sample calculation was 
negligible.) The area of the inside of 
the cylinder may be obtained by means 
of a telescope gage. Since K is known 
for the solution, can be calculated 
from Eq. 2. This method of calibrating 
for various fixed currents in the 
magnetizing coils is recommended in 
preference to measurements made by a 
flux meter. It avoids the doubling of 
any errors m the measurement of H by 
the flux meter when the quantity is 
determined. In this, as in all measure- 
ments made with the apparatus, it is 
essential that the core of the magnet be 
carried through several cycles of its 
hysteresis loop for any fixed current 
before measurements are taken with the 
analytical balance. 

The field in the air gap does not vanish 
when the current in the magnetizing coils 
is turned off because there is some resid- 
ual magnetism in the steel cores. 
However, the force F which is measured 
with the analytical balance varies with 


and, therefore, any error in K 
caused by assuming zero field when the 
current is turned off will not be more 
than 1 per cent if the residual field is not 
morfe- than one tenth of the field when the 
current is turned on. 

Another negligible error is introduced 
because the field at the top of the sample 
does not vanish as assumed. ' The 
length of the sample necessary to make 
this error less than 1 per cent will, de- 
pend both on the design of the magnet 
and the air gap. With the apparatus 
described herein, a sample need not be 
more than 2| in. long. Experimentally, 
the length can be found by taking a long 
sample and gradually shortening it until 
a difference in the attracting force of the 
magnet is found. 

Sample Calibration tor H versus 
Magnetizing Current 

Inside diameter of vial containing satu- 
rated solution of NiCl2 at 26 C. — 
0.511 in. 

Cross-sectional area of vial == 1.32 sq. 
cm. 

Current through magnetizing coils = 
0.5 amp. 

Weight of vial and solution 
with current on = 6 . 1 454 g . 

Weight of vial and solution 
wdth current off = 6. 1319 g. 


E, force due to 

magnetic field === 0.0135 g« 

From Eq. 2 

F = 1/2KHU 

If K is known, then can be de- 
termined for the magnetizing current:' 
To .get K for the standard solution of 
NiCb, p and x must be determined. 
The density p of the saturated NiCl2 
at 26 C. = 1.55 g. per cu. cm. From Eq. 
7, X can be obtained as follows: From 
Fig. 3 the number of mols of NiCla * 6H2O 
at 26 C. in 1 cu. cm. of a saturated so- 
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lution is 4.81 X lO’”^. This number 
multiplied by 129.6j the gram molecular 
weight of NiCh, gives 4.81 X X 
129.6 = 0.623 g. of NiCh per cubic 
centimeter. The fraction by weight, 
/, of NiCk present equals 0.623 1.55 

= 0.402. This value for / is now sub- 
stituted into Eq. 7: 

[ 10030 X 0.402 *1 

- 0.720 (1 - 0.402) J x 
10"6 

X - 13.1 X 10-« 

K = px “ 1.55 X 13,1 X 10“« ~ 20.3 X lO"® 
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All of the values needed for Eq. 2 
have now been determined. Substi- 
tuting these values in Eq. 2 

0.0135 X 980 = 1/2 X 20.3 X 10~^m X 1.32 
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Preparation of Samples and Method 
OF Measurement 

The sample to be tested is cut to the 
desired dimensions, annealed to remove 
any effects of cold working, and sus- 
pended from the counterpoise. An- 
nealing in a reducing atmosphere is 
necessary to eliminate scale formation. 
In preparing the sample, it is essential 
that the bottom be cut square and that 
the sample have a uniform cross-section 
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Fig. 6. — Permeability versus Magnetizing Force 
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Fig. 7. — Permeability versus Magnetizing 
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Inconel. 

throughout its length. The cross-sec- 
tion dimensions of the sample should 
not exceed one half the dimensions of the 
air gap. 

The sample is weighed with the cur- 
rent off and then again with the current 
set at a value chosen during the cali- 
bration. For these fixed values of 
current determined in the calibration, 
can be replaced in Eq. 6 by its 
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numerical value. The value of m is 
then given by the equation 

CF 

M = 1 + -- (8) 

A 

where C is a constant which depends on 
the current used. The value of ju 
obtained will be independent of the 
current used if the material is not 
ferromagnetic. If the value of /x does 
change with current, then this method 
of measuring the susceptibility cannot 
be used. All samples should be 
measured with at least two different 
currents to see if the above condition is 
satisfied. 

Test Results 

Among the ^^nonmagnetic^’ metals 
which have been used for the con- 
struction of cathode-ray tube mounts 
are such commercially wrought alloys 
as corrosion-resistant steel of both the 
18 chromium-8 nickel and 18 chromium- 
12 nickel grades, Nichrome V, Inconel, 
Monel, and Hastelloy B. The 
results shown in Figs. 4 to 7 represent 
measurements made on samples chosen 
from stock. The compositions given 
are nominal values only and are not the 
result of a chemical analysis. 

As has been pointed out, the results 
obtained with use of this permeameter 
will be valid only when the materials 
under test are paramagnetic. In order 
to determine whether each of the afore- 
mentioned alloys meets this stipulation, 
measurements were made on each sample 


under varying magnetizing forces. The 
results obtained on annealed samples 
when tested at room temperature (26 C.) 
are given in Figs. 4 to 7, It will be 
noted that, within the errors of measure- 
ment, the permeability of each annealed 
alloy remains constant over the range of 
magnetizing force used. Hence, these 
materials may be considered para- 
magnetic, and the values obtained with 
the permeameter are absolute quanti- 
tative evaluations of their permeability. 

Conclusion 

An adaptation of the highly accurate 
Gouy method has been found well suited 
for the measurement of the magnetic 
properties of low permeability para- 
magnetic alloys. It is applicable to the 
testing of materials of a wide variety 
of shapes such as those used in the con- 
struction of cathode-ray and television 
tubes. 

The permeameter can be readily con- 
structed in the average shop from in- 
expensive components, and it can be 
calibrated to give absolute quantitative 
results. 

The services of a trained operator are 
not required to carry out the measure- 
ments, which can be made rapidly and 
involve a minimum of calculations. 
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CALCULATION OF ELECTRICAL CONTACTS UNDER IDEAL 

CONDITIONS’^ 

By Erle I. Shobert II^ 


Syj^opsis 

Ie most practical applications of electrical contacts, the choice of materials 
and contact forces is largely a matter of trial and error and of the experience 
of the designer. In this article a series of calculations is presented in which 
some of the variables in contacts are put in their proper relationship. As a 
result, the designer in certain fields of application may estimate such factors 
as maximum temperature rise, and knowing the mechanical and electrical 
characteristics of the various contact materials, he can predict the results. 
The calculated results are based upon contacts under ideal conditions: that 
is, no surface films and undisturbed smooth surfaces. The experimental 
data and the comparison of the predicted results with present industrial 
practice show that the method maybe used to calculate the fundamental re- 
lations of contact resistance, contact force, and temperature rise, and that 
these data may be applied to practice with the proper allowance for the fac- 
tors not considered in the calculations. 


In A discussion spon- 
sored by the American Institute of 
Electrical Engineers in Philadelphia 
several months ago, the author out- 
lined some of the formulas discussed 
below and considered their applica- 
tions to the problems of electrical 
contacts. H. C. Graves, Jr., of the 
I. T. E. Circuit Breaker Co. made 
some suggestions for additional cal- 
culations which were carried out and 
expanded. The results of this work 
were discussed briefly at a meeting 
of Subcommittee X on Contact 


* Presented at a meeting of Subcommittee X of 
Committee B-4 on Electrical Heating, Resistance, 
and Related Alloys. Accepted for publication in 
Proceedinffs. 

1 Vice-Chairman,^ A.S.T.M. Subcommittee X 
on Contact Materials, of Committee B-4 on 
Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys ; Research Engineer, 
Staekpole Carbon Go., St. Marys, Pa. 


Materials of the Society's Com- 
mittee B-4 on Electrical-Heating, 
Electrical-Resistance, and Electric- 
Furnace Alloys, and the committee 
recommended that the work be 
made more comprehensive and pre- 
pared for publication. This has 
been done and some experimental 
and practical data have been pro- 
vided by Fred E. Carter of Baker 
and Co., by H. S. Gano and H, D. 
Dorfman of the Westinghouse Elec- 
tric Corp., by H. C. Graves, Jr., of 
the I. T. E. Circuit Breaker Go., by 
B. -W. Jones of the General Electric 
Co., and by the Staekpole Carbon 
Co. These experimental data pro- 
vide the practical basis for the use 
of the formulas and nhow how these 
’formulas may be ’applied to' the 
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different fields of contact applica- 
tion.. 

As a scientific paper^ this work 
and all the work which has been 
published up to this -time on elec- 
trical contacts must be considered 
critically^ The phenomena in- 
volved in the operation and testing 
of electrical contacts are so compli- 
cated that there have been few ex- 
amples of experimental work where 
all of the variables have been under 
control. And in these, certain vari- 
ables have been diminated which 
are important from a practical 
standpoint. Thus there is little 
theoretical work which has been put 
in a form which makes it applicable 
to practical design problems. On 
the other hand, the practical tests 
show such wide variations between 
tests and such a wide spread in the 
results on individual tests that it is 
difficult to find out what are the 
basic physical facts in the case. 

The purpose of this paper is to 
describe some of the basic princi- 
ples, to bring them together to form 
a theory of the contact resistance 
and its variation under different 
conditions, and to point a way to the 
application of this theory. Some 
experimental wmrk is included to 
prove the results and to point out 
the difference between theory and 
practice. 

Theory 

The problems involved in the cal- 
culations of contacts for various 
applications are usually carried out 
by rule-of-thumb methods. This is 
due partly to the fact that complete 
calculations are not available and 
partly because some of the factors 
involved in the application of con- 
tacts cannot be reduced to formulas. 
It is possible, however, as will be 


shown below, to calculate the re- 
quirements of contacts under ideal 
conditions. Such a solution to a 
contact problem must be tempered 
or adjusted to the practical situation 
by introducing safety factors in the 
final result to counteract the effects 
which are not included in the calcu- 
lations. The use of these,, safety 
factors will be a matter of judgment 
on the part of the interested engi- 
neer or designer and will depend 
upon the particular field of activity. 
The use of the calculations ' which 
follow will be to guide the designer 
in the proper direction, but to leave 
to him the choice of safety factors to 
use, based on his experience in his 
own field of application. 

This discussion is concerned with 
pure materials and some of the re- 
fractory base materials, with clean, 
undisturbed surfaces which take 
their characteristics only from the 
materials themselves and not from 
the surrounding conditions. Oxide 
layers, moisture layers, and other 
disturbing surface conditions are not 
considered in the calculations. The 
effect of arcing on the contact sur- 
faces has been neglected. For some 
fields of application, the neglect of 
these factors may be compensated 
for by the choice of the proper safety 
factors, but in others further prac- 
tical consideration will be ■ required. 
The calculations will then indicate 
the magnitude of the effects which 
can be traced to the surface films, to 
the arc, and to other surrounding 
conditions neglected in the calcula- 
tions. 

For the forces usually encountered 
in contact work, it has been demon- 
strated that the force, F, in pounds, 
acting between two surfaces in con- 
tact is 




( 1 ) 
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where A is the area of contact in 
square inches and F will be called 
the contact yield point under com- 
pressiony in pounds per square inch. 
This formula assumes the plastic 
flow of contact material in the con- 
tact surface. Elastic deformation 
plays a part for very low contact 
forceSy but surface irregularities 


pressure, the material will also tend 
to flow laterally and the material on 
the sides will add to the force re- 
quired to compress the small area. 
This definition is similar to the defi- 
nitions of the Meyer hardness scale 
(l).^ . . 

It is believed for the purposes of 
the work on contacts that this con- 
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Rockwell Superficial Hardness Reading 

Fig. 1.— Comparison of Rockwell Superficial Hardness Scales and Contact Yield Point 


make the contact even under light 
forces approach the case of plastic 
deformation. 

The contact yield point as defined 
here is somewhat different from the 
usual mechanical yield point under 
compression. In the usual method 
of measuring yield point, the entire 
cross-section of the specimen is 
under uniform pressure, but in this 
case, since only a relatively small 
part of the surface area is under 


cept of yield point should be adop- 
ted. A method of measuring the 
contact yield point may be derived 
directly from one of the hardness 
testing machines. The Rockwell 
Superficial Hardness Tester, for ex- 
ample, is being considered by Sub- 
committee X of Committee B-4 as 
the standard test for hardness of 
contacts. 

2 The boldface numbers in parentheses refer to 
the list of references appended to this paper, see p, 

1144. 
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Considering only the major load 
on this machine, we may write, 

L = IF ( 2 ) 

where L is the major load in kilo- 
grams, A is the projected area of 
contact between the ball point and 


where R is the hardness reading and 
where the constants of the dial gage 
have been accounted for. Figure 1 
shows, the relation between the 
Rockwell Superficial readings and 
the contact yield point for the 
different hardness scales. 


TABLE L— PHYSICAL CHARACTERISTICS OF COMMON CONTACT METALS AND A FEW 
OP THE COMPOSITE MATERIALS. 






Heat 
Conduc- 
tivity, 
watts per 
in. per 
deg. Cent. 

Wiedemann- 

Material 

1 Contact 
Yield 
Point, 
psi. 

Rockwell 

Hardness 

Specific 

Resistance, 

obm-in. 

Franz Law 
Constant K 
p X X ^ KT 
(T « 300 K) 

(de&^CenL® 


Common Contact Metals 


Silver (hard) 68 000 15T-34 0 . 64 X 10 ~6 10.64 2 . 27 X 10 

(soft) 46 000 15T- 0 ... ... ... 

Copper (hard) 175 000 15T-75 0.68 9.86 2.24 

(soft) 64 000 15T-41 

Molybdenum 430 000 30T-80 2,2 3.71 2.72 

Tungsten 665 000 30T-87 2.2 4.07 2.98 

Nickel (soft) 175 000 15T-75 3.1 1.49 1.54 

Graphite 6 700 15T-60® 320 0.399 36.2 

Platinum (hard) 230 000 15T-81 3.87 1.77 2.28 

(annealed) 105 000 15T-58 

Palladium (hard) 250000 15T-83 3.94 1.71 2.25 

(annealed) 90 000 15T-51 ... ... ... 

Iridium 860 000 15T-95 1.94 1.50 0.97 

Gold (hard) 52 000 15T-12 0.95 7.50 2,38 

(annealed) .49 000 15T-8 

Sintered Contact Materials 
Composition by weight 

70W 30Ag 480 000 30T-82 1 6 5.0<^ 2.67*> 

62 W 38Ag 430 000 30T-80 1.2 6.5 2.60 

SOW 50 Ag 220 000 30T-60 1.0 7.6 2.52 

60Mo40Ag 240 000 30T-64 1.3 5.9 2,54 

30Mo70Ag 170 000 30T-48 0.86 8.9 2.41 

95 Ag SGraphite (hard).. 120 000 15T-63 1.0 5.7 2.28 

95 Ag 5Graphite (soft) . . . 89 000 15T-50 1.0 5.7 2.28 

93Ag 7Graphite (soft) ... 81 000 15T-45 1.3 4.1 1.78 

60Ag 40Ni (hard) 160 000 30T-46 1.1 5.3 1.96 

40Ag 60Ni (hard) 270 000 30T-68 1.4 3.9 1 , 80 

40Ag 60Ni (soft) 107 000 30T-15 1.6 3.4 1.80 


“ Hardness reading on Graphite taken with J^-in. diameter ball. 

& The Wiedemann-Franz constant for the composite contact materials has been taken as the average on 
a volume basis of the values for the separate materials in the composition. This approximation has been 
made to get values to be used to calculate the heat conductivities of the composite materials in the absence 
of any experimental data on these heat conductivities. 

« The heat conductivities of the composite contact materials have been calculated from the values of 
the Wiedemann-Franz law constant and the measured values of the specific resistance. 

Note. — F. E. Carter, Baker and Co., supplied the data on the platinum metals and gold. 


the specimen, and Y is our newly 
defined contact yield point. But 
A = where a is the radius of the 
contact area. Also 

= 2hh - h\,. (3) 

where h is the depth of penetration 
of the Rockwell ball of radius b. 

With the Rockwell Superfilcial 
Hardness Tester we find that 


A more detailed analysis of the 
operation of the Rockwell hardness 
machines throws in question the 
measurement of the contact area by 
this method. In taking a hardness 
reading, the depth of penetration 
measurement is made with only the 
minor load on the ball. It might be 
argued that the correct depth of 
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penetration measurement for this 
purpose should be made with the 
major load on the machine. It is 
believed that the standard test 
method is satisfactory in this case, 
however, since the full movement of 
the ball depends somewhat upon the 
elastic ' constants of the material 
and, to a certain extent, upon the 
elasticity of the machine. The 


found to be reasonably accurate ( 2 ). 
It appears that with all but the very 
lightest loads that the material is 
deformed plastically even on well- 
polished surfaces. On the surfaces 
usually available on contacts, the 
deformation is the result of the com- 
pression of the small hills and valleys 
on one surface into the small hills 
and valleys of the other. The re- 


TABLE II.—VABUES OF B, F, AND E WHEN dR/dF « -0.00005 , 1 = 100 AMP., AND w « 1. 


Material 

Constant B 

Contact 

Resistance, 

ohms 

Contact 

Force, 

F, lb. 

Voltage 
Drop at 
100 amp., E 
mv. 

Common Contact Metals 


1.48 X 10“''* 

1.3 X 10“^ 

1.3 

13 


1.08 

1.05 

1.06 

10.5 ^ 


1 2.52 

1.85 

1.85' 

18.6 


1.52 

1.3 

1.3 

13 

Molybdenum, 

12.2 

5.3 

6.3 

63 


16.9 

6.4 

6.4 

64 


11.5 

5.1 

5.1 

61 


232 

37.0 

37.0 

370 


16.4 

6.4 

6.4 

64 

(annealed) ....... 

11-1 

4.9 

4.9 

49 

Palladium (hard) 

17.4 

6.8 

6.8 

68 

(annealed) ...... 

10.5 

4.8 

4.8 

48 

TrMitim 

15.9 

6.3 

6.3 

63 

Gold (hard) , 

1.92 

1.5 

1.5 

15 

(annealed) 

1.86 

1.5 

1.5 

15 


SiNTEBED Contact Materials 
Composition by weight 


70W 30Ag 

9.81 

4.6 

4.6 

46 

62W 38Ag 

6.96 

3.6 

3.6 

36 

50W 60Ag... 

4.15 

2.6 

2.6 

26 

60Mo40Ag 1 

5.63 

3.2 

3.2 

32 

30Mo 70Ag..... 1 

3.14 

2.1 

2.1 

21 

95 Ag SGraphite (hard) . . . ; 

3.06 

2.1 

2.1 

21 

95Ag SGraphite (soft) 

2.64 

1.9 

1.9 

19 

93 Ag 7Graphite (soft) .... 

3.27 

2.2 

2.2 

22 

60 Ag 40Ni (hard) 

3.90 

2.5 

2.5 

25 

40Ag 60Ni (hard) 

6.45 

3.5 

3.5 

35 

40Ag 60Ni (soft) 

4.62 

2.8 

2.8 

28 


measurement with the minor load 
should thus give, with reasonable 
accuracy, the depth of penetration 
into the material and thus the con- 
tact surface area. 

Values of the contact yield point 
are given for various materials in 
Table I. In general, the contact 
yield points are considerably higher 
than the conventional yield points. 

Equation 1 has been checked ex- 
perimentally by measuring the area 
of contact of crossed cylinders and 
of a sphere against a plane, and 


suit is the microscopic plastic de- 
formation of small areas, extending 
to a greater area, depending upon 
the amount of the total force. In 
the problem under consideration, 
however, we are using Eq. 2 which 
is similar to Eq. 1 to define our 
contact yield point, so that the use 
of Eq. 1 is reasonable from a prac- 
tical standpoint. 

Under ideal conditions, there will 
be no high-resistance film on the 
surface between the two contacts. 
The actual area of contact will be- 
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have 'as a perfectly conducting 
bridge. Since this area A is small 
(on pure silver with 3 lb. total force, 
A is approximately 5.0 X 10“® sq. 
in.), we can assume a perfectly con- 
ducting sphere of radius a as the 
contacting medium. The contact 
resistance is then the resistance due 
only to the constriction of the cur- 
rent and not to the contact surface 
itself. This is where the ideal case 
departs from most practical applica- 
tions, since oxide layers, moisture 
layers, and other films will give the 
contacting surfaces an appreciable 
resistance. The calculations which 






if 

& 


1 Contact 

Surface 


Fig. 2. — Calculation of Contact Resistance. 

follow will indicate the best results 
which can be expected under the 
ideal conditions and will indicate 
the relationships between the vari- 
ables when the effect of the film is 
neglected. 

The resistance di?'' of the hemi- 
spherical shell between r and r + dr 
in Fig. 2 is 

where p is the specific resistance of 
the material in ohm-inches. 

The contact resistance of one side 
of the contact pair, is 

2t Ja 2ir(l 


or, the total contact resistance of 

both sides is 


More exact calculations (3) have 
been carried out mi thou t the as- 
sumption of the perfectly conduct- 
ing sphere by assuming only a plane 
contact surface of radius a between 
the two surfaces. These calculations 
lead to the result that 



for the total contact resistance. 
These equations are derived assum- 
ing that the specific resistance of the 
material is constant and independ- 
ent of temperature. This will be 
seen later to be a reasonable assump- 
tion, since the temperature is limited 
to a small range and the specific re- 
sistance may be averaged over this 
range. It is also assumed that the 
area A is confined to one continuous 
region of circular section. The re- 
lations for one or more small areas 
whose total area is A have been 
worked out (4, 5). These are prac- 
tical cases which probably account 
for the variations in contact resist- 
ance during contact tests, since the 
actual contact area is never the same 
twice. 

If the contact surface area is made 
up of more than one contact area, 
there are two conditions which will 
exist. In the first case, the several 
areas will be so close together that 
the spreading resistance or the re- 
sistance as calculated in Eq. 6 will 
not be changed appreciably. In the 
second case, the areas will be sepa- 
rated to the extent that they will act 
independently. Assuming that the 
total area A is made up of approxi- 
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mately equal circles of radius ui, we 
have 

A == nvai^ — ( 7 ) 

But R will be the resistance of the n 
small areas in parallel, or, since 

R p - . 

then 



Combining Eqs. 1, 7, and 8, we 
have 

.(9) 

2 s/nF 

where 

B = |V^F 

It has been found in' practice that 
during a test run, the contact re- 
sistance will decrease during the 
eaiiy period of the test. This de- 
crease will vary somewhat from one 
material to another and wdll depend 
upon the application; however, in 
many cases, on fresh clean contact 
surfaces this decrease has been ob- 
served to be about 30 per cent. 
Other things being equal, this 
means that the value of n has ap- 
proximately doubled. From this 
point on, the drop either stays low 
or may tend to increase as surface 
films are formed. 

This explanation is reasonable 
since on freshly polished contact 
surfaces, particularly where a radius 
is placed against a plane, the contact 
area would be expected to be limited 
to a small region at the start of a 
test and Eq. 6 would apply, in 
which case n would be 1. As the 
contacts seat themselves in, the area 
within which contact could take 


place would be increased, causing an 
increase in n. 

Equation 9 gives the variation of 
contact resistance with pressure for 
mateiials with different values of 
specific resistance and contact yield 
point. B is a constant depending 
only on the contact material. The 
validity of this equation and some 
of its practical applications are con- 
sidered below. Values of p and Y 
are given in Table I for some of the 
pure metals and composite contact 
materials. The calculated values 
of B are shown in Table II. 

One practical consideration which 
follows from Eq. 9 is a method of 
determining whether or not there is 
sufficient pressure on a set of con- 
tacts and whether or not additional 
pressure will be practical. 

Differentiating B in Eq. 9 with 
respect to F, we have 


dR _ 
dF 


1 B 


.y~3/2 


( 10 ) 


For a particular field of application 
a value of dR/dF may be chosen for 
practical purposes which will set a 
reasonable maximum value to the 
pressure for a particular contact 
material. Thus, for circuit break- 
ers, a value of —0.00005 would be a 
reasonable limit. This means that 
at 100 amp. an increase in force of 1 
lb. would decrease the voltage drop 5 
mv. This is a reasonable practical 
limit for 100-amp. circuit breaker 
applications since the forces are 
about 5 lb. and the voltage drops 
are about 30 mv. at 100 amp. Any 
increase in force means added cost 
in the mechanism, so that the in- 
crease to be justified must bring 
about a corresponding improvement 
in the voltage drop. In other fields 
of application different values of 
these limits should be chosen. 
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Table II shows the values of jB, E, 
Fj md the contact voltage drop 
at 100 amp.j calculated for the con- 
ditions shown above for the various 
contact materials, that is, for dR/ 
dF = —0.00005 and n = 1. 

It will be noticed in the analysis 
of the calculations in Table II that 
numerically the values of i2, F, and 
E are the same. This is because of 
the choice of dR/dF as —0.00005, 
n = 1, and the current as 100 amp. 
Most other values of these quanti- 
ties will eliminate this coincidence. 

Temperature considerations are 
important in the operation of con- 



Fig. 3- — Calculation of Contact Tempera- 
tures. 


tacts and will now be considered. 
It has been shown that the maxi- 
mum temperature rise at the junc- 
tion of two contacts under ideal 
conditions is a function of the 
specific resistance of the material, 
the heat conductivity of the ma- 
terial, and the voltage E across the 
contacts. The general discussion of 
this problem may be found in the 
work of Slepian (6), Holm (7, 8), 
and Goodwin (9, lo). However, a 
brief derivation is given here. 

The area of contact is the same as 
that of Fig. 2. We have the same 
perfectly conducting sphere of radius 
substituting for the actual contact 


surface. The changes in the heat 
conductivity and ejectrical resistiv- 
ity with temperature are neglected 
since only fairly small temperature 
differences will be considered. Hi 
in Fig. 3 is the rate of heat' flow in 
watts passing through the surface 
of radius r, H^ is the rate heat is 
generated in the hemispherical shell 
between r and r + dr by the current 
passing through it, and Hz is the 
rate of heat flow through the surface 
of radius r + dr. It is assumed 
that the electric current and heat 
flow are either parallel or anti- 
parallel, depending upon the direc- 
tion of the current. This assump- 
tion is reasonable since a is of the 
order of 0.007 in. (F — 3 lb.) for 100- 
amp. contacts of silver while in prac- 
tice these are at least 0.090 in, 
thick. Thus, 

Hz = ...... .( 11 ) 

or 

2iir(r + Ar)2 X f = 

V Ar y r + Ay 

+?=s^„(i2) 

\Ar Jr pAr 

where AF is the voltage across the 
hemispherical shell of thickness Af 
and X is the heat conductivity of the 
material in watts per inch per degree 
Centigrade. 

But for r = a, F - F/2, and in 
general 

F = ,...(13) 

where E is the total voltage across 
the two contacts. Taking the lim- 
its in Eq. 12 -and combining this 
with Eq. 13, we have 


^ dr\ dr J ip 


(14) 


One solution of this equation after 
supplying the boundary conditions 
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tr = 0 at r = , and dT/dr = 0 at 

r ==, oo andatr = is tke following: 


By choosing T ~ 0 at r == co , we 
have made ■ T the temperature rise- 
of the contact above the tempera- 
ture of the supporting arm back at a 
point where the arm is not affected 
by the contact. Setting r — a, T 
becomes fi, the highest tempera- 
ture in the contact junction, or 


Ti « 


1 ^ 

8 pX 


( 16 ) 


The contact arm itself will have a 
certain temperature rise above the 
ambient temperature due to the 
current carried by the arm, and Ti 
is the temperature rise of the con- 
tact surface above the conductor 
temperature Tc- Thus, we may 
write 


4 * Te 
or 



2’^x. = g5 + r.. (17) 

To have the physical measure- 
ments check the requirements of the 
theory, it would be avisable to have 
the conductor temperature Tc meas- 
ured at a point near the contacts, 
and to take the voltage drop read- 
ings at the same point. From Eq. 
15 it can be seen that if a = 0.007 
in, (silver with 34b. force), T is 1 
per cent of Ti at r = 0.070. This 
means that the temperature differ- 
ence Ti takes place in a compara- 
tively short distance from the con- 
tact face and that measurements of 
Tc and E may be made close to the 
contact face without introducing 
appreciable errors. 

The assumptions which have been 
made in the derivation of Eq. 17 do 
not limit its validity and use too 


strenuously for contact application 
The temperature rise limitations due, 
to chemical and metallurgical con- 
siderations keep the temperature 
range small enough so that the 
equation is not too much , in error 
because of the variations of p and, X 
with temperature. These consider- 
ations also limit the temperature to 
the range in which the assumption 
of parallel heat and current flow 
may be considered reasonable. 

It is seen that the relation does 
not include any of the dimensions of 
the contacts. This means that re- 
gardless of the shape or size of the 
contacts, as long as the conditions 
used in the derivation are satisfied, 
the relation is valid. 'The number 
' of small areas conducting the cur- 
rent across the contact surface does 
not affect the result if W’^e assume 
that the contacting surface is all at 
the same potential This assump- 
tion is reasonable on stationary con- 
tacts, but could not be made on 
sliding contacts. Thus, while addi- 
tional contact areas will decrease the 
voltage drop across the contacts, the 
maximum temperature will still be 
given to a reasonable approximation 
by Eq. 17, which , includes the con- 
tact voltage drop. 

This equation by itself also gives 
the designer of electrical equipment 
a practical limit to the contact volt- 
age drop which may be permitted on 
any application. It is reasonable to 
■assume that there is a maximum 
temperature at the contact surface 
above which, , due to oxidation or 
metallurgical change, the contacts 
would get into trouble. , For ex- 
ample, , on a particular circuit 
breaker it was-noted that if the volt- 
age drop exceeded 60 mv, across the 
contacts , at the start of a test run, 
the drop would , usually,, increase, to. 
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destruction. This 60-mv. drop cor- which might cause the contacts to 

responds to a temperature rise of 60 weld or stick if the surface reached 

C. in the contact surface above the this temperature, 

terminal as calculated from Eq. 16. A practical method of determining 

Add this to a terminal temperature the values of the maximum tem- 

of about 50 C. and you have the perature of a particular contact ma-: 

maximum temperature which may terial is to check it on the apparatus 

be permitted on these contacts of or device in question. The current 

about HOG. may be increased in reasonable 

There are several ways of setting steps and the apparatus left standing 

up the limits on the temperature under current for fairly long periods 

rise on particular contact materials. of time. The point at which the 


table III.— estimated maximum temperatures to which contact materials 

MAY BE SUBJECTED 


Material 

Estimated 
i Maximum 
Temperature, 
j , deg. pent. 

1 Remarks 



Common Contact Metals 

Silver 1 

200 i 

Annealing Temperature. (Ref. “Silver in Industry,” Lawrence 
Addicks, Reinhold, N. Y., 1940, p. 47.) This annealing or re- 
crystallization may cause sticking. Practically this temperature 
is not reached because other parts in the equipment woilld be in 
trouble. 

Copper 

i 

55 

Copper will tarnish in air at ordinary temperatures, but this figure 
is taken as a practical limit based on Underwriters’ Lab. and 
A.I.E.E. specification for bus bars which is 30 C. rise. 

Molybdenum ..... 

80 

Based upon maximum contact drop before failure on 15 tests on 
AgMo. Temperature rise calculated from Eq. 16 and added to 
temperature of conductors. 

Tungsten ' 

120 

Based upon maximum contact drop before failure on 15 tests on 
AgW on relay. Temperature rise calculated from Eq. 16 and 
added to temperature of conductors. 

Nickel 

150 

Based upon reaction of nickel powder with air and the increase in 
the reaction of HsS and Ni at 150 C. 

Graphite 

225 

This is the temperature at w'hich graphite begins to oxidize slowly 

Platinum 

Iridium 

400 

xn, I* • 

This is the temperature at which platinum begins to recrystallize. 
It is probably not reached in practice because of temperature 
limitations of other materials in any commercial assembly. 

Gold 

150 

i 

This is the recrystallization point of pure gold. Practically all 
impurities tend to raise this point. 


Composite Contact Materials 
Composition by weight 


70W 30Ag, 120 Based upon tests as listed for tungsten above. 

62W 38Ag. 120 Based upon tests as listed for tungsten above. 

SOW 50Ag 120 Based upon tests as listed for tungsten above. 

60Mo40Ag, ...... 80 Based upon tests listed for molybdenum above. 

30Mo70Ag 80 Based upon tests listed for molybdenum above. 

95Ag SGraphite . 200 Based upon the component with the lower value, in this case silver. 

93Ag 7Graphite. 200 Basedupon the component with the lower value, in this case silver. 

60Ag 40Ni. . ... . . 150 Based upon the component with the lower value, in this case nickel 

40Ag 60Ni 150 Based upon the component with the lower value, in this case nickel 

A consideration of the chemical prop- contact voltage drop starts to in- 

erties including the reactions of the crease rapidly can then be deter- 

metals with air and the various gases mined and the maximum tempera- 

which may be in the air is one ture calculated from the ambient 

method. This may be used as a temperature, the temperature of the 

check on some of the more practical supporting parts, and Eq. 17. 

methods. Another indication of a , The concept of the maximum 
limit would be in a metallurgical temperature of a contact material 

change such as recrystallization must be correlated closely with the 


4i 
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speciiSiC application. A method has 
been outlined above for checking 
this experimentally on specific ap- 
plications. Some idea of the mag- 
nitudes of these temperatures might 
be seen from Table III in which the 
values are given for some materials. 
The source of the information is 
given in each case, so that the data 
should not be used without due con- 
sideration for its source and applica- 
bility. 

If we combine Eqs. 9 and 17, we 
have 

P 32XE(7max. " Tg) 

F TpY 

Fundamentally, Eq. 18 shows us 
that the force on contacts should in- 
crease as the square of the current 
for any given contact material. It 
also shows why it has been found de- 
sirable to use parallel contacts on 
very large circuit breakers, since 
two parallel contacts could carry the 
same total current with only one- 
half the total force. This is an im- 
portant design factor since the 
mechanism for developing the con- 
tact forces is the major cost item. 
Other aspects of the importance of 
the factor n will be seen in the dis- 
cussion of the experimental results 
which follow. - 

To get a comparison between the 
properties of the various materials 
and metals as contacts we may 
write : 

j = Dn (19) 

where 

D = . — i amp,2 per lb. 

Values of D ior the materials listed 
in Table I are calculated in Table 
IV for which is chosen 50 G. 
This is a reasonable choice for the 


TABLE IV.— VALUES OF THE CONSTANT 
D IN EQ. 19 FOR THE DIFFERENT 
CONTACT MATERIALS. 

Conductor temperature 50 C. 


Contact Materials 

Z>, amp. 2 per lb. of 
contact force 


370 000 


550 000 


4 200 


11 500 


I 1 200 


1 980 


'2 800 


330 


i 6 960 


15 200 

Iridium 

Gold hard) 

150 boo 

(annealed) 

164 000 

70W30Ag 

4 650 

62W38Ag 

9 000 

50W50Ag 

24 600 

60Mo 40Ag 

5 800 

30Mo70Ag 

18 600 

95Ag 5Graphite (hard) . . 
95Ag SGraphite (soft) . . . 
93Ag 7Graphite (soft) . . . 

60 Ag 40 Ni (hard) 

40 Ag 60Ni (hard) 

72 500 

98 000 

77 000 

31 000 

10 500 

40 Ag 60Ni (soft) 

20 000 



conductor copper in most circuit- 
breaker applications. 

It will be noticed in Table IV that 
from the standpoint of carrying cur- 
rent under ideal conditions, silver is 
miicii better than any of the other 
materials. While the order of merit 
of the materials is somewhat arbi- 
trarily based upon the choice of 
values for Tmax. which should be 
chosen differently for different fields 
of application, the general trend of 
the values is reasonable from a prac- 
tical standpoint. There are several 
important points which can be seen 
from this table. These are as fol- 
lows : 

(/) The outstanding advantages 
of silver from a current conducting 
standpoint are clearly shown. 

(2) Wide variations in the con- 
stant D are brought about by 
changes in the composition and 
hardness of the composite materials. 
These changes show that composition 
must be under close control and that 
processing methods will vary the re- 
sults in a radical manner. These 
facts are also borne out by practical 
experience. 
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Fig. 4. — Contact Resistance verms Force Characteristic for Copper, (I, Ta E« Circuit 

Breaker Co.) 

1. Sand papered smooth and greased — jSat. 4. Sand papered smooth and ’greased — edges 

2. Sand papered smooth and greased — line beveled. 

contact. 5 . Plotted from Eq. 9, Y/n « 50,000. 

3. Grouna line contact not greased. 6. Plotted from Eq. 9, Y/n « 5800. 



Contact Force, F, lb. 


Fig. 5.— Contact Resistance versus Force Characteristic for Silver-Plated Copper. (I. T.E. 

Circuit Breaker Co.) 

Stock Contacts except silver-plated 1 Vie by Vie in., carrying 500 amp. d. c. 

1. Sand papered, smooth, greased, edges 3. Ground to make line contact, greased, 

beveled. 4. Plotted from Eq. 9, Y/n ~ 15,600. 

2. Sand papered, smooth, greased, edges bev- 5. Plotted from Eq. 9, Y/n = 4000. 

eled. 


{3) Silver imparts its most im- 
portant advantage, that is, low 
drop, to the compositions it enters 
into. 

{Jf) The advantages of the plati- 
num metals and gold, since they are 
not influenced by atmospheric con- 
ditions, may be seen. 


Experimental , Results 

The first data to be considered 
will be that in relation to Eq. 9 


E 


-i4 


nF 


Figure 4 is based upon data sup- 
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plied by H. C. Graves, Jr., of the value of n. In Fig, 4 it is seen that 

I. T. E, Circuit Breaker Co., plotted the value of n must therefore change 

on the log-log scale. The resist- in the order of 10 to 1 between the 

ance force characteristic curve various tests. This is an important 

should be a straight line with a slope point, since the value of n is largely 
of — I under these conditions. a function of the design of the equip- 

In the first place, there is little ment and the contacts and the way 

correlation between the surface they operate, 

treatment and the results on these While oxides may cause some 

tests, although the lowest drop is variation in the results of these tests 

experienced on flat contacts prop- they are not a major factor since 

erly cleaned. Generally, the re- the contact resistance values meas- 

sistance force curve follows the ured are all below the values to be 



Contact Force, F, lb. 

Fig. 6 . — Contact Resistance versus Force Characteristic for 85Ag 15Ni. (I. T. E. Circuit 

Breaker Co.) 


1. Total contact surface 13.25 sq. in., 5000 
amp., d. c. 

2. Total contact surface 13.25 sq. in., 5000 
amp., d. c. 

S. Total contact surface 2.9 sq. in., 1500 amp. 
d. c. 


4. Total contact surface 2.9 sq. in., 1500 amp. 
d. c. 

5. Plotted from Eq. 9, Y/n = 44,800. 

6. Plotted from Eq. 9, Y/n *= 2580. 


slope predicted, at least within 
practical limits. It varies, how- 
ever, widely in the value of the con- 
stants involved. From Table I, we 
see that the contact yield point for 
hard copper is 175,000 psi. and for 
soft copper 64,000 psi. This is a 
difference of a little over 2| to 1, 
which if placed in Eq. 9 gives a 
ratio of 1.6 to 1. This obviously 
cannot account for the values listed. 
Thus, the variation enters in the 


expected for soft copper with w = 1, 
in which case Y/n would be 64,000 
psi. 

The effect of silver plating copper 
contacts is shown in Fig. 5. The 
silver plating effectively narrows 
the spread in contact resistance and 
decreases it generally. The values 
in this test and those for silver con- 
tacts will be compared below. The 
curves for silver-plated copper are 
more consistent and follow the slope 
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required by Eq. 9 closer than do the 
curves for plain copper shown in 
Fig. 4. 

The same type of curve at much 
higher contact forces is shown in 
Fig. 6, for tests on an 85 per cent 
silver, 15 per cent nickel contact 
material. There seems to be some 
tendency for the curves to flatten 
out and deviate from the theoretical 
slope at very high forces. This 


the, variation of contact, resistance 
with pressure is concerned. 

Another series of experiments on 
copper furnished by B. W. Jones of 
the General Electric Go. is reported 
in part in Fig. 7. The purpose and 
the methods in this series of tests 
were somewhat different than those 
reported by I, T. E. in Fig. 4. The 
1. T. E. tests are probably nearer the 
practical surfaces available on new 



Fig. 7. — Contact Resistance versus Force Characteristic for Copper. (General Electric 

Co.) 


1. Line contact 1 in, long, 3-in. cylindrical 
radius, dry. 

2. Fiat contact 3 by 3-in. surface, scraped flat 
on ground cast iron, dry. 

3. Flat contact 1 by M in.» glass finish, dry. 


4. Fiat contact 34 by in., glass finisli, dry. 

5. Flat contact 1 by 1 in., glass finisli, dry. 

6. Plotted from Eq. 9, Y/n « 175,000. 

7. Plotted from Eq, 9, Y/n = 14,200. 

8. Plotted from Eq. 9, Y/n = 1180. 


might be expected since the area of 
contact A becomes a larger part of 
the area of the contact surface. 
This means that the infinity condi- 
tions used in the derivation of Eq. 9 
are no longer valid. In any case, 
however, the results are close enough 
to the theoretical curves to be used 
for practical calculations as far as 


copper contacts. The G. E. tests 
were conducted to find the effects of 
different surface treatments. There 
seems to be little correlation be- 
tween the results of the various 
tests. It will be noted from. Fig. 7 
that the slopes are steeper than 
would be expected from Eq. 9. 
This variation could be accounted 



1140 


Shobert on Electrical Contacts 


for by assuming that on the surfaces 
prepared by G. E. the value of n was 
not constant during test, but in- 
creased with increased force. This 
explanation is reasonable since curve 
No. 1 in Fig. 7, which is for a line 
contact, follows the predicted slope 
quite closely. On a line contact, 
the value of n would not change as 
readily as on flat, glass-smooth con- 
tacts. . ■ 


" A comparison between Figs. 5 and 
8 shows that the values for silver- 
plated copper in Fig. 5 approximate 
those for the hard silver, although 
the slope of the copper tests is more 
consistent and closer to Eq. 9. This 
would be expected since copper is 
harder than silver in general. It 
also indicates that as long as the 
plating is intact, the contact resist- 
ance properties of silver-plated cop- 



Contact Force, F, lb. 


Fig. 8. — Contact Resistance versus Force Characteristic for Silver, (General Electric 

Co.) 


1. Silver-faced contacts 1 by % in. flat. 

2. Silver-faced 300-amp. contactor tip (soft 
silver). 

3. Silver-faced 300-amp. contactor tip (soft 
silver). 

A similar series of tests is reported 
by G. E. in Fig. 8 on silver contacts. 
It was possible to identify curve 
No. 4 as having been carried out on 
silver that was much harder than 
that on the other tests. As ex- 
pected from Eq. 9, the resistance 
values are the highest. The same 
divergence from the slope predicted 
by Eq. 9 is noticed for two of the 
curves which is probably due to an 
increase in with increased force. 


4. Silver-faced SOO-amp. contactor tip (hard 
silver). 

5. Plotted from Eq. 9, Y/n =5 46,000. 

6. Plotted from Eq. 9, Y/n « 3600. 

7. Plotted from Eq. 9, Y/n s= 584. 

per should approach those of hard 
silver. It also indicates that soft 
solid silver will always be better if n 
can be kept sufficiently large. 

In the original derivation of Eq. 9 
it has been assumed that the area of 
contact is determined by plastic 
flow of the contact material under 
specific pressures higher than the 
yield point of the material. With 
this in mind, the question is raised 
as to why the contact resistance in- 
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creases when the force is decreased. 
If plastic flow alone accounted for 
the results, the contact area should 
remain unchanged and the contact 
resistance should remain at the low- 
est value as the force is decreased. 
The tendency in this direction is 
shown in Fig 4, curves 1 and 2, and 
Fig. 5, curves 2 and 3. On the other 
hand, the reverse is true in Fig. 6, 
curves 3 and 4, and no appreciable 
difference is noted in Fig. 4 curve 3, 
Fig. 5 curve 1, and Fig. 6 curves 1 
and 2. 

The reason for the increase in 
contact resistance as the pressure 
decreases may be described as fol- 


By moving back toward the contact 
surface the material under elastic 
stress changes the area of the surface 
under plastic deformation and de- 
creases the actual contact area. 
Thus, the two effects really w^ork to- 
gether. The plastic deformation 
under stress determines the area of 
electrical contact, and the elastic 
strain in the material prevents this 
area from being greater than that 
determined by the forces operating 
at the time of the measurement. 

Some interesting results might be 
observed if these effects were con- 
sidered in connection with work- 
hardening materials. 


TABLE V.— CONTACT CHARACTERISTICS OF WESTINGHOUSE 100-AMP. BREAKERS 
COMPARED WITH CALCULATED DATA. 


Breaker 

Contacts 

Contact 

Force, 

F, lb. 

Minimum 
Measured 
Contact 
Drop, E, 

Pi'oduction 
Maximum 
Limit of 
Contact 
Drop, E, 
mv. 

Force and 
Contact 
Drop Calcu- 
lated from 
Table II 

Contact Drop 
Calculated 
from Eq, 9. 
n = 1 





mv. 

F. 

lb. 

E 

E, mv. 


Stationary 

Movable 



mv. 


No. 1.. 

62W 38 Aff 

62 W' 38Aff 

2 75 

20 

80 

3.0 

30 

40 

No. 2.. 

93Ag 7C 

40Ag60Ni 
( Hard) 

5 

17 

1 

CO 

2.9'* 

29« 

2o« 

No. 3.. 

QSAg 5C 
(Hard) 

62W 38Ag 

! 

4 

19 

50 

2.9'* 

29'* 

25« 


" Average of Force and Contact Drop for the two materials in Table II. 


lows : The actual contact surface is 
deformed plastically, as shown by 
the slope of the curves, when force is 
applied. This plastic deformation 
extends into the material for a short 
distance. The pressure decreases 
with the distance inside tlie material 
until an area is reached where elastic 
deformation alone can support the 
load. This area can be calculated 
from the elastic limit of the ma- 
terial. From this point on the de- 
flection of the material is elastic, and 
Hooke’s law will be obeyed. Now, 
if the force on the contacts is de- 
creased, the elastic strain in the ma- 
terial causes the area of the limit of 
plastic deformation to decrease. 


It is also possible tiiat tlie con- 
sideration of contact areas and their 
dependence upon the various f^actors 
F, n, and F, might lead to some in- 
teresting results in work on friction. 

Some contact-drop data on 100- 
amp. circuit breakers have been sup- 
plied by H. D. Dorfman of the 
Westinghouse Electric Corp. Table 
V shows a tabulation of the charac- 
teristics of three different types of 
breakers all rated at 100 amp. 

In the first place, it is seen that 
the contact force and contact drops 
calculated in Table II are of the 
proper order of magnitude . It is also 
seen that values of contact drop cal- 
culated from the physical properties 
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of the materials given in Table I 
and the contact forces used on these 
breakers also are of the proper order 
of magnitude. It appears that 
values of n in the range from 1 to 4 
will account for the minimum meas- 
ured contact drop and that safety 
factors of from 2 to 3 will account 
for the difference between the calcu- 
lated drop and the production 
maximum limits. With this order 
of agreement, it is believed that the 
calculations may be used to predict 
the fundamental method of varia- 
tion of the contact characteristics. 

Our next problem is to see how 
closely the results calculated from 
Eqs. 16 and 17 on contact tempera- 
ture fit the practical cases. H. S. 
Gano of the Westinghouse Electric 


It is seen from a comparison of the 
calculated values of Tmax. and those 
from Table III that these breakers 
are all rated safely as far as tem- 
perature rise is concerned, based 
upon the assumptions which have 
been made in the theory and calcu- 
lations. Since the value of the 
temperature rise in the contacts as 
calculated from Eq. 16 varies with 
the square of the contact drop, a 
simple calculation will show what 
the maximum drop could be to keep 
the value of Tmax. below the limits 
for the material. 

Another set of data on the same 
subject has been provided by H. D, 
Dorfman of the Westinghouse Elec- 
tric Corp. on three different types of 
circuit breakers all rated at 100 


TABLE VI.— CONTACT CHARACTERISTICS OF WESTINGHOUSE CIRCUIT BREA1?ERS. 


Breaker 

Rating 

Contacts 

Contact 

Force, 

F, lb. 

Contact 

Drop, 

E, mv. 

Mea: 

Tempt 

N( 

Coni 

deg. 

Station- 

ary 

3ured 

jrature 

3ar 

;acts, 

Cent. 

Mov- 

able 

Calcu- 

lated 

Tmax., 

deg. 

Cent. 

Tm&x> 

Table 

III, 

deg. 

Cent, 

Stationary 

Movable 

.No. 1.. 

25A 

TOW 30Ag 

TOW 30Ag 

0.75 

30 

25 

42 i 

50 s 

120 

No. 2.. 

50A 

62W 38Ag 

TOW 30Ag 

1.13 

50 

32 

48 1 

90 

120 

No. 3.. 

50A 

60Mo 40Ag 

60Mo40Ag 

3.0 

40 

25 

38 

58 

80 


Corp. has supplied some data on 
small circuit breakers which are re- 
ported in Table VI. Three different 
types of small breakers are listed 
with their characteristics including 
contact materials, contact forces, 
contact drop, and temperature-rise 
tests. The temperatures were meas- 
ured as near the contacts as was 
practical by inserting thermocouples 
into small holes next to the contacts. 
The calculated values of Tmax. are 
figured by adding the temperature 
rise calculated from the contact drop 
and Eq. 16 to the measured tem- 
peratures of the arms. Where the 
temperatures of the two arms varied 
widely, an average has been taken, 
weighted toward the higher value. 


amp. These data are on the same 
breakers and are the same in part as 
those in Table V and are shown in 
Table VII. On these breakers also 
it is seen that the calculated values 
of Tmax, are well below the theo- 
retical limit. In this case, however, 
the contact supporting arms are at 
higher temperatures, and since the 
contact drops are lower, the tem- 
perature increases due to the con- 
tact drop are lower. The amount 
that the contact drop may increase 
without causing difficulty is also 
considerably lower. 

A comparison of the contact re- 
sistance under operating conditions 
on various contact materials is 
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TABLE VII.— CONTACT CHARACTERISTICS OF WESTINGHOIJSE CIRCUIT BREAKERS. 


Breaker 

Rating 

Contacts 

Contact 

Force, 

F, lb. 

Contact 

Drop, 

F, rav. 

Mea 

Ten^ 

Con 

deg. 

Station- 

ary 

sured 

Brature 

ear 

tacts, 

Cent. 

Mov- 

able 

Calcu- 

lated, 

Tmaxt 

•deg. 

Cent, 

Tmax. 

Table 

III, 

deg. 

Cent. 

stationary 

Movable 

No.l... 

100 A. 

62W 

38Ag 

62W 38Ag 

2.75 

20 

74 

83 

90 

120 

No. 2... 

100 A. 

93Ag 

70 

40Ag 60Ni 

5 

17 

54 

54 

61 

120 

No. a... 

100 A. 

95Ag 

6C 

62W 38Ag 

4 

19 

62 

62 

I 69 , 

120 


TABLE VIIL— CONTACT RESISTANCE 
DURING LIFE ON GRAVITY-TYPE RELAY. 


Contacts operating on 120 v. a. c. Contact Force 
0.44 lb. 




Contact 



Average 

Resist- 



Contact 

ance 



Resist- 

Galcu- 

Type of 

Material 

ance on 

lated 


Test, 

Eq. 9 

Load 


lohms X 

(n = 1) 



10-3 

ohms X 




10-3 


Silver (hard) . . 

0.30 

0.22 

8000 w. 



lamp bank 

70W 30Ag 

1.40 

1.49 

8000 w. 



lamp bank 

62W 38Ag..... 

0.78 

1.05 

8000 w. 



lamp bank 

60Mo 40Ag 

0.63 

0.85 

8000 w. 



lamp bank 

95Ag SGrapbite 

0.29 

0.46 ' 

8000 w. 

(hard) 

95Ag SGrapbite 

0.25 

0.40 

lamp bank 
8000 w. 

(soft) 

93Ag 7Grapbite 

0.43 

0.50 

lamp bank 
45 amp., re- 

(soft) 



sistance 

load 

40Ag60Ni 

0.14 

0.59 

8000 w. 

(hard) 



lamp bank 


shown in Table VIIL This infor- 
mation was prepared by the Elec- 
trical Laboratory of the Stackpole 
Carbon Co, The average contact 
resistance on a complete test is com- 
pared with the contact resistance 
calculated from Eq. 9 for the par- 
ticular material. On these tests, 
the conditions varied widely from 
the ideal conditions assumed in the 
calculations since the surfaces were 
subject to arcing on opening and to 
considerable wear during the test. 
While there is one particularly wide 
deviation, the results are of the cor- 
rect order of magnitude and appear 
to vary in the proper manner. In ■ 


addition, the spread in the measured 
values of the contact resistance was 
quite wide in some cases, particu- 
larly where the contact resistance is 
high. A sufficient number of read- 
ings was taken, however, to give the 
averages their proper significance. 

Since the surfaces were so far 
from the ideal, the question arises 
as to why the results are so consis- 
tent. The reason is not exactly 
clear, except that it is possible that 
variations in the value of n counter- 
balance the effects of the surface 
films. In any case, the choice of n 
as 1 would appear to give the results 
a sufficient agreement to be used as 
the safety factor for this particular 
relay. Another piece of test appa- 
ratus might require an entirely 
different value. 

Conclusions 

There are several important con- 
clusions which can be drawn from 
the theory and experimental work 
presented above: 

1. In general, the contact resist- 
ance force characteristic agrees with 
Eq. 9, except for the value of the 
constants. 

2. .The values of the constants in 
Eq. 9 are determined as much from 
the design of the apparatus (value of 
n) as from the contact materials and 
surface condition (value of F). 

3. The method of determining 
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the practical limit of contact force 
from Eq. 10 appears to be reason- 
ably close to present practical ex- 
perience. 

4. A method is outlined for de- 
termining the maximum tempera- 
ture rise to which particular contact 
materials may be subjected under 
atmospheric conditions. 

5. A method is given for apply- 
ing these temperature data to a 
determination of the contact drop 
which may be permitted on the con- 
tact material. 

6. Based upon certain assump- 
tions and tests of the maximum 
temperature rise permissible on con- 
tacts/ it appears that this method 
may be applied to practice with 
reasonably good results. 

To complete the data and to verify 
or disprove the results of these cal- 
culations/ considerably more in- 
formation should be gathered on the 
physical properties of the contact 
materials. The major holes in the 
experimental data are : 

(а) Heat conductivities of con- 
tact materials/ 

(б) Maximum temperature which 
contact materials can stand under 
service conditionSj such as arcing, 
continued opening and closing of the 


circuit, and under steady closed 
conditions, and, 

(c) Formation of surface films 
under various atmospheric and tem- 
perature conditions. 
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DISCUSSION 


Mr. N. Papazia# {by leUer ), — ^I 
have lately endeavored to gather the- 
oretical as well as experimental data 
for bus contacts and have noted particu- 
larly the excellent paper by Mr. Shobert. 

It is assumed that all of the equations 
(Eqs. 1 to 19, inclusive) in this paper 
with the proper substitution of con- 
stants can be applied to plain bar or 
tubular bus connections which are less 
complicated than less stable switching 
contacts. 

In this connection, perhaps, it would 
be helpful to include aluminum and 
even wrought iron in the Tables I, II, 
and III of Mr. Shobert^s paper and 
thus furnish a complete tabulation of 
constants for any kind of contact or 
bus connections, 

Mr. Erle I. Shobert II {author ), — 
The assumption that Eqs. 1 to 19 may 
be applied to plain bar or tubular bus 
connections is correct. Some under- 
standing of the forces involved may be 
required to get accurate data, since the 
forces developed by bolts in bolted 
connections are not readily obtainable. 
In any case, however, the calculation 
should serve as a guide in applications 
of this type. 

I have tried to find information 
concerning aluminum and wrought iron 
to add to the tables as suggested. Data 
concerning the physical properties are 
readily available on all types of 
aluminum and iron; however, the 
mechanical properties have such a wide 
influence upon the result that it would 


be necessary to know the hardness of 
the individual piece of material being 
used. This will depend upon its com- 
position, cold working, and its entire 
previous history. I do not have enough 
information available at the present 
time to provide any reliable data for 
aluminum and wrought iron. I believe 
this is a case where some work should 
be done to investigate the effect of the 
physical properties of the various types 
of aluminum and wrought iron alloys 
and their treatment upon the contact 
resistance developed in bus connections. 
It would then be possible to decide which 
of the physical properties are important 
in these applications. 

Mr. M. R. Swinehart^ {by letter ) — 
I believe that Mr. Shobert’s paper 
presents an excellent theoretical back- 
ground or basis on which to build 
empirical data for switch design. 

in silver cadmium type contacts, I 
have known for some time that a given 
set would drop from an initial contact 
resistance millivolt reading of the order 
of 140 to about 100 after approximately 
one minute, dropping still further at a 
gradual rate to values of the order of 
60 mv. after 30 min. 

Although it was my original opinion 
that this decrease in contact resistance 
. was caused primarily by decomposition 
of cadmium oxide occurring slowly at 
temperatures on the order of 900 C., 
I now believe that the initial and high 
rate of change in the first minute is 
caused by an increase in due to a 


1 Public Works Dept., Mare Island Naval Ship Yard, 
Vallejo, Calif. 


2 Development Engineer, Cutler-Hammer, Inc., Mil- 
waukee, Wis. 
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decrease in F (Eq. 9). This decrease 
in F is probably caused by annealing. 

The temperature rise of these contacts 
reaches a maximum value after about 
15 min. and then shows a decrease 
through the remaining 15 min. of the 
test. I believe, after reading this paper 
by Mr. Shobert, that the gradual slope 
-of the contact resistance curve following 
the initial one minute may be attributed 
to an increase in caused by rubbing 
of the contacts as removable and sta- 
tionary contacts heat up and expand, 
or, after 15 min., as they cool off again 
and contract, by more rubbing with 
additional increase in n. 

Perhaps this rubbing action, caused 
by expanding and contracting contact 
mounting plates may explain the in- 
crease in n referred to in Mr. Shoberffs 
paper in connection with the General 
Electric Test, Fig. 7. 

Mr. Shobert. — I appreciate Mr, 
Swineharffs comments very much. 
There are many effects on contacts 
which still have not been explained or 
described. Our committee is endeavor- 
ing to work the most important of these 
and has made considerable progress 
and any contributions which Mr. Swine- 
hart may be in a position to make to our 
work will be greatly appreciated. 

Mr. S. G. Eski# {by leUer). — ^Mr. 
Shobert’s theoretical analysis seems to 
be basically sound, and with additional 
data the various constants could be 
brought in closer correlation with actual 
performance, thereby providing those 
designing electrical contacts, equations 

3 Director of Research, Robertshaw-Grayson, Los 
Angeles, Calif, 


which would help a great deal in this 

difficult field. 

In the conclusions, Mr. Shobert states 
that there is lack of data on heat con- 
ductivity of contact metals. The ac- 
companying references^ list sources where 
information could be obtained on heat 
conductivity of metals and alloys, in 
addition to the data listed in Table I 
of Mr. Shobert’s paper. Also, one of 
the references is on thin films and may 
be of interest. 

Mr. Shobert. — The list of references 
given concerning the conductivity of 
contact metals is greatly appreciated, 
I am referring particularly to the heat 
conductivity of special alloys such as 
silver tungsten, silver nickel, and silver 
molybdenum materials. As far as I 
know, there is little data available on 
these special materials, although I have 
not yet gone through the complete list of 
references. I think that some of our 
activities should be directed toward 
methods of measuring these properties 
on these special materials. 


* References on heat conductivities of metals and alloys: 

(1) Smithsonian Physical Tables, 1934, Table 251, Thermal 
Conductivity, Metals and Alloys. 

(2) T. Barratt and H. R. Nettleton, “Thermal Conduc- 
tivity of Liquids and Solids,” International Critical 
Tables, Vol. V, p. 218. 

(3) M. L. Brouty, “Heat Conductance,” Annual Tables of 
Constants and Numerical Data, No. 4, (1937). 
Hermann & Co. (Paris) . (Available from McGraw-Hill 
Book Co.) 

(4) K. Mendelssohn and F. Simon, “Metallic Electrical 
Conductivity,” Annual Tables of Constants and 
Numerical Data, No. 19 (1937). Hermann & Co. 
(Paris). (Available from McGraw-Hill Book Co.) 

(5) J. Mendousse and F. -Wolfers, “Metallic Electrical 
Conductivity,” (Contains data on thin films and 
powders), Annual Tables of Constants and Numerical 
Data, No. 7 (1937). Hermann & Co. (Paris). (Avail- 
able from McGraw-Hill Book Co.) 

(6) T. F. Russell and C. H. Desch, “Metals and Alloys,” 
Annual Tables of Constants and Numerical Data, No. 
28 (1939). Hermann & Co. (Paris). (Available from 
McGraw-Hill Book Co.) 

(7) N. K. Adam, “Properties of Thin Films and Surface 
Layers,” International Critical Tables, Vol. IV, p. 475 



MECHANICAL METHODS OF TESTING*^ 

ANALYSIS OF THE STATE OF STRESS IN THE NECK OF A 
TENSION TEST SPECIMEN 

By N. N. Davidenkov^ and Miss N. I. Spiridonova^ 


In tension tests it has long been recog- 
nized as an advantage to consider true 
stresses $ instead of the nominal stresses 
0 , obtained from the relationship of the 
deformation force to the final and not 
to the initia cross-sectional area of a 
specimen. However, the use of the 
term “true” in describing these stresses 
proved somewhat problematic since in 
plastic materials, in the formation of a 
neck, the distribution of stress in the 
section ceases to be uniform and “true” 
stress really proves to be only the aver- 
age axial stress. There appear radial 
and tangential stresses, creating a tri- 
axial condition of stress. This com- 
plicated condition of stress must be in- 
terpreted so that, on the basis of the 
tension test, it will be possible to deter- 
mine the true properties of plasticity 
and strength of the material. With- 
out such interpretation neither a cor- 
rect evaluation of these properties nor a 
generalization of the obtained results as 
they apply to other states of stress (for 
example, torsion) is possible. 

Unfortunately, no solution to this 
problem has been found as yet. There 
have been only a few scattered attempts 
which did not lead to undebatable 
results. 

Thus, Koerber and Mueller (l)^ 
studied the increase of the tensile 


Acceptediovpxihllcsitionin Proceedings. 

1 Translated from Russian by A. Price for Westing- 
house Research Laboratories, Pittsburgh, Pa., and the 
David Taylor Model Basin, Washington, D. C.^ 

2 Academy of Sciences oi U.S.S.R., Polytechnic Inst., 
Leningrad, U.S.S.R. 

» The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1158. 


Strength (effect of strengthening due to 
shape) on models machined from uni- 
formly deformed metal and they repro- 
duced a neck in its various stages of 
deformation. They further applied this 
increase in the tensile strength to the 
process of concentrated deformation, 
ignoring the difference between the 
elastic and plastic distribution of stresses. 

Druzhinin (2) machined a series of 
small specimens from the necks of speci- 
mens of a large diameter and in a 
tension test hoped to obtain a picture of 
the distribution of stress at fracture in 
the narrowest section of the specimen. 
However, the fractures appeared near 
the heads; that is, in the less deformed 
area beyond the limits of the neck itself, 
w^hich made the results very indefinite. 

Siebel (3) developed an equation of 
equilibrium for the curved elements of 
metal in the constricted zone (neck) but 
ignored the double curvature of these 
elements and, without any foundation, 
simplified his solution considering it as a 
plane problem in the meridional section 
of the specimen. 

Only recently Bridgman (4) arrived 
at more accurate conclusions by taking 
into consideration the double curvature. 
At the same time he made an arbitrary 
assumption in regard to the circular 
form of the trajectories of the principal 
radial stresses (in meridional sections) 
which resulted in very complicated 
calculations yielding no reliable results. 
Both Siebel and Bridgman lacked ex- 
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perimental prerequisites that would serve 
as a basis for their theoretical calcula- 
tions, without which the initial assump- 
tions introduced into their calculations 
could not be justified. 

We made it our aim to evolve the 
simplest, but experimentally based, 
theory of the distribution of stress in 
the smallest section of the neck of an 
elongated specimen (for one type qf ma- 
terial) which would permit us in the first 
approximation to find the full tensor of 
stress for every point of this section. 
The only basis for an experimental ap- 
proach was microscopic testing. 

To determine the three principal 
stresses—axial si,. tangential St, and 
radial 5r"~-the direction of which is de- 
termined by virtue of symmetry— it is 
essential to have three equations. 

The first of these we derive by utiliz- 
ing the known equation of plasticity 
( 5 ): 


Si — St Si — Sr 

ei — et ei — 



where ei^ and er are the principal 
strains (true strains, that is, computed 

i’ 


according to the formula e 


-f 


where I is the actual length of the de- 
formed element). It is true that this 
equation has not been experimentally 
proven as fully accurate as was re- 
cently shown by Davis (6) but it can 
successfully be employed at least as a 
first approximation. 

The second equation is derived from 
the general condition of the equilibrium 
of outer and inner forces in the section 
of the neck: 



where P is the tensile force; F is the cross- 
sectional area (assuming that the law 
of change of along the section is 
known). The third equation, giving 


the relationship between stresses si^ 
St, and 5r, may be derived from the 
equilibrium condition of the stresses 
on an infinitesimally small element in 
the neck, cut out in the direction of the 
trajectory of the principal stress si. 
However, for the construction of this 
equation it is necessary to obtain cer- 
tain relationships experimentally, the 
description of w;hich now follows : 

Armco iron was employed since it 
possesses all the needed qualities: high 
plasticity, single phase, and a precise 
microscopic outline of the grain bound- 
aries (the composition of this iron 
being 0.04 per cent carbon, 0.04 per cent 
manganese, 0.01 per cent silicon, and 
0.36 per cent copper). As an agent for 
etching the polished surface of the speci- 
men a 5 per cent solution of picric acid 
in ethyl alcohol was used. For a sharper 
outline of the grain boundaries of the 
deformed metal it was necessary to 
repeat the process of polishing and 
etching the metal several times (some- 
times as many as eight times). The 
extent of deformation of the specimen 
in various zones of the polished surface 
was determined by the average de- 
formation of the grains in the field of 
vision of the microscope. 

To measure the diameter of grains in 
a given direction a number of N grains 
was counted which crossed a straight 
line of a given length £, drawn on the 
frosted glass of the microscope (in our 
case 71.5 mm., magnification 100 times). 
Assuming that the average grains are of 

N 

spherical shape, then the ratio of ^ will 

give the size of the average length of the 
chord obtained by drawing a straight 
line through a series of variously dis- 
tributed spheres. It may be shown 
( 7 ) that with the increase of the number 
of spheres the length of this chord ap- 
proaches 2D/3, where D is the diameter 
of the sphere. 
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The same relationship is maintained 
for the ellipsoidal shape of grains cross- 
ing parallel to the main axis. However, 
instead of D the length corresponds to 
the main axis of the ellipsoid. 

Thus the true average diameter of the 
grain is always 1.5 times larger than the 
measured chord. Hence, in order to 
simplify the calculations in determining 
the relative deformation, it is possible to 
calculate the chords by the above method 
without measuring the true diameter of 
the grain. 



Fig. 1,— Specimens Nos. 5 and 6, Showing 
Various Shapes of Necks of Elongated 
Specimens. 


First, it was necessary to be convinced 
that the grains of the specimen in its 
initial state have a sufficiently correct 
polyhedric shape and are free from any 
kind of systematic anisotropy. It was 
also necessary to measure the initial 
diameter of the grain (in the future, we 
will use this term for the above-men- 
tioned ^^average chord”)* A lengthwise 
and crosswise check of the polished 
surface of the specimen showed the 
length of the diameter to be 56.7 ju 
(the average diameter of the grain 
being 85 jLt). 


For further study eight speciin.ens (25 
mm. in diameter) were prepared and 
elongated to form necks of various 
dimensions. The data referring to these 
specimens are given in Table I and Fig. 1 . 

Specimens Nos. 3, 5, 8, and 6 of this 
series were subjected to microscopic 
inspection. With this aim in view, the 
specimens were cut crosswise at the 
narrowest section of the neck. A 
polished surface was prepared and annu- 
lar zones were marked on it at various 
distances from the axis of the specimen 
as shown in Fig. 2. In each zone, at 
seven to eight points on the circum- 



Fig. 2.— Zones of Microscopic Inspection of 
Specimen No. 3. 


ference, measurements were made of the 
diameter of the grains by the above- 
described method. 

As an example, Table II shows the 
measurements obtained for specimen 
No. 5 in two directions, radial r, and 
tangential t. 

Table III shows the measurements of 
grain diameters calculated by this 
method for three specimens, Nos. 3, 5, 
and 8. (It was impossible to make 
measurements of specimen No. 6 which 
fractured in the neck and because of the 
resultant damage to the structure mani- 
fested by numerous voids in the polished 
surface.) 

The correctness of the measurements 
is confirmed by the agreement between 
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TABLE 1. 


Specimen 

Diameter 
of Neck, 
mm. 

Relative 
Contrac- 
tion, 
per cent 

True Con- 
traction, 
per cent 

! 

True 
Stress s, 
kg. per 
sq, mm. 

Radius of 
Curvature, 
R, mm. 

Correction 

Factor, 

1 + -^ 

Correction 

Factor, 

I R + O.Sa 

R + 0.25a 

No. 3 

19.18 

41.0 

54.2 

49.6 

95 

1.025 

1.02 

No. S 

16.77 

55.0 

80.6 

56.8 

20.2 

1.105 ■ 

1.095 

No. 11 

16.66 

55.8 

82.4 

58.5 

21.35 

1.098 

1.09 

No. 8 - 

15.21 

63.6 

102.0 

62.2 

11.60 

1.164 ■ j 

■ 1.14 

No. 12 

14.81 

64.2 

107.3 

67.2 

11.46 

1.160 

1 14. 

No 14 

14.60 

65.7 

108.0 

68.0 

10.63 

1,17! 

1.145 

No. 6 

14.04 

68.4 

116.8 

69.8 

8.25 

1.213 

1.175 

No. 13 

13.93 

69.2 

119.0 

71.5 

7.26 

1,240 

1.195 










TABLE II.-*NUMBER OF GRAINS IN LENGTH L = 71.5 mm, (X 100). 



Zone 1 1 

Zone 2 | 

Zone 3 I 

Zone 4 

Measurement 








f 

t 

r 

t 

f 


r « 1 

No. 1 

18 

18 

18 

18 

19 

18 

20 

No. 2 ■ 

19 

18 

19 

19 

19 

20 

18 

No. 3 . . 

19 1 

20 

19 

19 

18 

18 

18 

No. 4..., 

19 

20 

19 

19 

19 

19 

19 

No.S ■ 

17 

18 

• 18 

19 

19 

18 

18 

No. 6 

20 

19 

19 

18 

18 

19 

17 

No. 7.. 

18 

18 

19 

20 

19 ; 

19 

19 

V average 

18.6 

18.7 

18.7 1 

18.8 

18.7 ^ 

18.7 

18.5 

~ average 

38.5 

38.2 

38.2 

38.0 

38.2 

38.2 

38.6 








38.3 




the deformation values calculated, on 
the one hand, on the basis of the general 
contraction of the specimen (iji' in Table 
I) and, on the other hand, on the basis 
of the deformation of grains (by means 
of the formula: . 



where do is the size of the diameter in 
its initial state and d in the state of 
deformation) as can be seen from Table 
IV. 


TABLE III.— SIZE OF AVERAGE DIAMETER OF 
■ GRAINS, iu. 


Specimen 

1 Zone':! 

Zone 2 

Zone 3 

Zone 4 

Aver- 
age, fi 

r 


r 

i 

r 


r ^ t 

No. 3....... . 

44.2 

44.6 

44.6 

44.2 

44,6 

44.6 

44.6 

44.5 

No. 5 

38.5 

38.2 

38.2 

38.0 

38.2 

38.2 

38.6 

38.2 

No. 8 

34.5 

34.7 

33.9 

33,8 

33.6 

34.1 

33.7 

34.0 


An inspection of Tables II and III 
permits us to draw the following two 
extremely important conclusions: 

1. The strain in the grains in the radial 
and tangential directions is practically 
the same and, therefore, on the basis of 
Eq. 1, the corresponding stresses are 
equal. 

2. The strain does not change even in 
passing from zone to zone, that is, it is 
the same along the entire section of the 


TABLE IV. 


Specimen 

Contraction in per cent, 
determined by: 

Measurement 
of the Neck 

Measurement 
of the Grains 

No.3. ....| 

No . 8 

41.0 

55.0 

63.6 

38,5“ 

54.7 

64.0 



® The lesser agreement may be explained by less ac- 
curate calculations because of larger sized grains. 
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specimen (for the given stage of develop- 
ment of the neck) andy therefore, the 
“effective^^ stresses are also the same. 
(We use the term “effective’’ to show the 
difference in the principal stresses, which 
difference is the cause for plastic de- 
formation, according to hypotheses, of 
the maximum shearing stresses as well 
as of the octahedral shearing stresses.)^ 
It should be noted that Bridgman used 
both these deductions in his conclusions; 


of vision and in view of the less defined 
outline of their cross boundaries. Actu- 
ally there was no need for such measure- 
ments, since the law of constancy of 
volume permits us to determine the 
lengthwise elongation of the grains by 
their crosswise reduction. 

Therefore, on the basis of the two 
above-mentioned deductions ■ the third 
required equation can be set up to 
determine the stresses. 


he did so, however, without any experi- 
mental basis. 

The second of the above-mentioned 
conditions, in particular, is subject to 
still another method of measurement, 
used as a check in our investigations: 



TABLE V. 




Specimen 

Number of Grains in 5 by 5 
Square 

-cm. 


Zone 1 

Zone 2 

Zone 3 

Zone 4 

Zones 

No. 3 

no 

1 113 

112 

114 

112 

No. 5 

158 

I 154 

160 

156 


No. 8 

175 

180 

177 

181 



namely, microphotographs were taken 
of the polished surface. A square 5 by 
5 cm. (at a magnification of 100) w^as 
outlined on these microphotographs and 



the number of grains that fell within its Fig. 3.— Diagram for the Equation of 


boundaries was counted. 


Equilibrium. 


The obtained results are shown in 
Table V. 

The fluctuations in the numerical 
results are within the limits of accuracy 
of the calculations and do not disclose 
any systematic changes along the radius 
of the specimen. 

An attempt was made to measure the 
elongation of the grains lengthwise on 
the polished surface when cut out paral- 
lel to the axis of the specimen. How- 
ever, these measurements were not 
accurate enough in view of the small 
number of grains falling within the field 

4 N. I. Prigorovski drew our attention to the fact that 
condition 1 is the geometrical deduction from condition 
,2, if it is proven for radial deformations. 


In inspecting the boundary curve of 
the neck as a trajectory of the principal 
stresses in the contour, we note that the 
curvature of the other trajectories must 
constantly decrease in size toward the 
axis, reaching the zero point on the 
axis of the specimen. 

Let us take an element in the neck of 
the specimen (Fig. 3) along some inter- 
mediate trajectory having a radius of 
curvature p and a thickness Ja; along the 
radius. Let us define this element by 
two meridional planes of trajectory, 
forming the angle ; and by two planes, 
normal to the planes of the sketch, 
passing through the center of curvature 
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0 of the trajectory and forming angle 

Let us project on the radius all the 
forces acting upon this element and 
corresponding to the stresses shown in 
Fig. 3. The sum of all forces must 
equal zero. We derive the following 
equation: 

—Srpd§(x 4- dx)d<p + (sr + dsr)(p + dx)dr}xd<p 

/ dx\^ ^ 

— sidx lac 4" jdipdd^ 

+ + -^dM(p ~ 0 . . ( 3 ) 

After reducing the equation by sub- 
stituting Sr in place of St as previously 
proven, and dropping the infinitesimals 



Fig. 4. — Diagram for Calculating the Curvature 
of Fibers. 

of the second order, we arrive at the 
following equation after dividing by 

= - {si — Sr)dx 
9 

Taking into account the constancy of 
the effective stress in the section, let us 
substitute constant Sq for {si'-Sr) as a 
result of which the integration for point 
^ will give: 

t^dx 

Sr = So (4) 

4 p 

where a designates the radius of the 
section of the neck. 

The relation of ^ to x may be foreseen 
P 

if the simplest assumption is made re- 
garding the geometrical similarity of 


deformation in the sections near the 
smallest section of the neck. Let 
be such a section at a distance h from 
AB (Fig. 4). Let us examine the fiber 
passing through point C at a distance x 
from the axis (a fiber which was origi- 
nally straight) and let us assume that 
the other point of this fiber, lying within 
section A'B'^ after deformation takes 
the position of C' at a distance from 
the axis, where k is some constant co- 
efficient of proportion greater than 1. 


TABLE VI, 


Distance from 
axis X, mm. 

Radius of Curva- 
ture p, mm. 

Curvature 

p 

mm.^i 

0 

00 

0 

0.8 

62.8 

0.0159 

1.9 

41 

0.0244 

2.625 

28.5 

0.0355 

3.48 

24.75 

0.0404 

5.14 

14.6 

0.0685 

7.30 

10.68 

0.094 


Thus we derive the following ex- 
pression for the arrow of deflection/; 

f=^x{k- 1 ) 

from which it further follows, assuming 
that the shape of the fiber is circular 
and that it has a radius of curvature p, 
that for small /: 

= f-2p ^ x(k l)2p 

and 

1 2(k - 1 ) 

p"" F 

Therefore, the curvature is propor- 
tional to X and may be represented by 
formula: 

1 ^ a; 

P aR 

where a is the radius of the section of the 
neck and R is the radius of the curvature 
of its contour in the meridional section. 

The correctness of this assumption was 
checked experimentally by measuring the 



On Tensile Steess in Neck oe Elongated Test Specimen 


1153 



Fig. 5. — Lengthwise Polished Surface Through 
the Neck of a Specimen. 



DISTANCE FROM THE AXIS 
OF THE SPECIMEN X, MM. 

Fig. 6. — Change in Curvature of Fibers in the 
Neck of an Elongated Specimen. 

curvature of fibers within the etched 
polished axial surface shown enlarged 
in Fig. 5. 


This measurement, at a number of 
points yielded the following figures 
shown in Table VI and in Fig. 6. 

The linear relationship between a; 

and - stands out quite clearly here. 

P 

Now it is possible to make an integra- 
tion of the Eq. 4: 


Sf — ^0 



So(a^ — 

Ha 


and 


St 


-Jr “h ^0 “ ^0 



2Ra ) 


Once the relationship between Sr = 
St and Si is obtained, Eq. 2 may be used 
to find the absolute value of the stresses 
as follows: 



2Ra ) 


2Txdx 


from which 


SI =: So 



(5) 


where si is the average axial nominal 
stress in the section (values of factor 


0 ^4/?) 


are shown in Table I). 


The greatest value of Si in the section 
is» obtained when x = 0 



s is related to the maximum by 
equation: 

\ - R + 0,Sa ' 

+ 

(see last column of Table I). 

The obtained distribution of the 
stresses si and Sr in the section of the 
neck is shown in Fig. 7. On- the con- 
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totir of the neckj where Sr is equal to 
zcroj only the- effective axial stress 
is active. In the remaining part, the 
axial stresses are distributed according 
to a parabolic law, repeating the dis- 
tribution of radial stresses Sr and differ- 


$i as against effective, stress by means of 

the factor coincides with that 

arrived at by Siebel but has the ad- 
vantage of a more rational theoretic 
basis and reliable experimental check. 



Fig, 7. — Distribution of Stresses in tlie Neck of Specimen No. 6. 


ing from them in the constant value of 
the effective stress s. The greatest 
shearing stresses throughout the 
entire section are constant and equal to 
^0 

The same diagram shows the octa- 
hedral (see Eq. 5) stresses (normal ss 
and shearing ^s), calculated on the basis 
of the formula: 


and 

, „ Ig = I •\/2(52 — Sr)^ = 0.47^0 

The curve of the octahedral normal 
stresses is parallel to that of Sr, These 
shearing stresses are constant throughout 
the section. 

. We will note that the obtained Eq. 5 
expressing the increase in nominal stress 


TABLE VII. 


a 

R 

Correction Factor Determined by 

Bridgman 

Siebel 

0 

1 

1 

1/3 

1.078 

1.083 

1/2 

1.115 

1.125 

1 , 

1.215 

1.250 

2 

1.386 

1.500 

3 

1.524 

1.750 

4 

1.649 

2.000 


Bridgman’s formula, also without ex- 
perimental basis, has the following 
complicated form: 

.z = .„(l + 2^)ln(l +-2^) 

It gives somewhat lower, although only 
slightly varying factors of value for 5o, 
as can be seen from Table VIL 

Knowing the law of stress distribution 
in a neck, we can now apply the correc- 
tion in the stress-strain curve based on 
the distorting effect of the neck. 
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For this purpose the necks of all eight 
specimens were photographed and by 
means of gradual selection the radii of 
curvatures of the outer contour at the 
narrowest section were found. These 
are shown in Table I. The same table 
shows the correction factors for the 
nominal stress. 

With the aid of these figures it is now 
possible to construct a stress-strain 
diagram by taking into account the 


the greatest shearing stresses on the basis 
of the known Eq. (5): 

Both diagrams of tension and torsion 
are constructed in Fig. 8 on one and the 
same coordinate scale. The, tensile 
stress-strain diagram shows the max- 
imum shearing stresses tm&x equal to half 
of the effective normal stress 



TRUE UNIT SHEAR, CENT 

Fig. 8. — Comparative Curves for Tension and Torsion. 

1 Torsion Curve. 

2 Tension Curve Without Correction. 

3 Tension Curve with Correction. 


corresponding correction due to the dis- 
torting effect of the neck. It was of 
interest to construct this diagram on 
coordinates, permitting us to make a 
generalization for other types of states of 
stress and to compare it with the diagram 
obtained in a torsion test when the dis- 
torting effect of the neck is absent and 
when the condition of stress remains two- 
dimensional up tO' actual fracture. 

With this aim in view a torsion test of 
two specimens made of the same material 
was' conducted by . constructing a diagram 
of the moments of torsion as a function 
of the angle of torsion and by calculating 


The unit shear is shown corresponding 
to the greatest true strains : 

1 

gm&x ~ ei -h er - l.Sei == 1.5 In r : 

1 — ^ 

In the torsion diagram the greatest 
shearing stresses were calculated on the 
basis of the formula above referred to; 
and the unit shear gmax according to 
formula (s) t 

^ hi (^1 + + y j/ 1 + 

where '7 is the ' maximum unit shear, 
equal to the product of the radius of the 
specimen and the specidc . angle of twist. 
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The comparison of these curves in 
Fig. 8 was made on the basis of the 
theory of the maximum shearing stresses. 
For the purpose of comparisonj the same 
diagrams were redrawn in Fig. 9 on the 
basis of the Huber-Mises hypothesis, 
developed by Nadai, using as coordinates 


curves,, after the former has been cor- 
rected, almost coincide according to both 
methods of construction. In Fig. 8 
the torsion curve lies above the tension 
curve for a portion of the graph, while 
in Fig. 9 the opposite is true. The 
true criterion for making a generaliza- 


cc 



Fig. 9. — Comparative Curves for Tension and Torsion. 

1 Torsion Curve. 

2 Tension Curve Without Correction. 

3 Tension Curve with Correction. 


TABLE VIII. 



Specimen 

C'Si)max 

imax 

ts 

Smax 

Ss 

Tension | 

No. 2 

90.5 
82.2 

85.5 

31.4 

31,2 

30.41 

28.8129.3 

28.8J 

28.51 

27.1 127.6 

27. ij 

i;s}2S-5 

175] 

175 176 

178j 

2531229 

20SJ^^^ 

164] 

I 64 I 16 S 

168j 

S)” 

No. 6 

Torsion | 

No. 13 

No. a 

No. 6 



the /‘octahedral shearing stresses ts” 
and the “octahedral unit shears 
Calculations were made on the basis 
of the following formula (s): 

h « - Sr^ = 0.4750 

^8 = f V2(ei - er)2 = lAlei 

An inspection of Figs. 8 and 9 will 
reveal that the tension and torsion 


tion with regard to these views concern- 
ing the stress conditions apparently lies 
somewhere in the middle and at the same 
time nearer to the hypothesis of the 
octahedral stress. It is interesting to 
note that in this way the main portion of 
the strain-hardening range is shown by 
the straight line portion of the tension 
curve. The material itself is strain- 
hardened much more slowly and, as can 
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be well imagined, tends toward that 
state of saturation or deformation with- 
out much hardening that was observed 
by Taylor and Quinney (9) in their 
experiments with copper. 

From the point of view of these experi- 
ments, there is no need even of making 
use of the theory of microfracture re- 
cently presented by Zener and Hollomon 
(10) for explaining the fact that the 
tension curve always lies higher than the 
torsion curve. As can be seen, this 
may be simply explained by the triaxial 
condition of stress in the neck. 

For judging the conditions determin- 
ing fracture. Table VIII shows the 
comparison of the stresses and strains at 
fracture for three tension and twm tor- 
sion tests. 

From Table VIII it may be concluded 
that the true resistance to fracture, 
expressed by the maximum shearing 
stresses, is 2 kg. per square millimeter 
less for tension than for torsion, but that 
expressed by the octahedral stresses 
is just the opposite — that much greater. 
If it is considered that this difference does 
not go beyond the limits of accuracy. of 
all calculations, then it must be admitted 
that for tension as well as for torsion, 
fracture is caused by the shearing stresses 
and not by the normal stresses. This 
can clearly be seen from the first column 
ill Table VIII as well as from the surface 
of the fracture itself, since the bottom 
of an ordinary “cup” of Armco iron 
consists of coarse elongated needles 
along the axis of the specimen. How- 
ever, some effect of normal stress can 
still be discerned from the fact that /max 
in all specimens is less for tension than 
for torsion. 

Considering deformations we will note 
that the octahedral unit shears in frac- 
ture are more nearly similar to those 
obtained for tension than the maximum 
shears. Particularly for specimen “i” 
in Table VIII the unit shear almost coin- 


cides with that obtained in all three 
tension test specimens. 

Thus, we have a method which permits 
us, by means of a microscopic test of 
polished surfaces, to obtain a more or 
less correct understanding of the true 
stress condition in the neck of the speci- 
men and to find the relationship between 
the average stresses, as recorded by a 
testing machine and the true local 
stresses which allow us to determine the 
mechanical properties of the material. 
It now remains to apply this method 
to as great a number of plastic materials 
as possible and particularly to special 



REDUCTION OF AREA 

Fig. 10. — Diagram of Correction Factors. 

steels, and each time to observe also the 
behavior of these materials in torsion 
so as to obtain a definite answer to the 
up-to-now unsolved problem regarding 
the true nature of the technical strength 
and concerning a generalization of these 
considerations from simple tension to 
complicated states of stress. 

Since there are no such experiments as 
yet, w^e can avail ourselves, in a first 
approximation, of the experimental fact 
that the shape of the neck, independent y 
of the material, is determined by the 
“reduction of area” (calculated in rela- 
tion to the area of the uniformly 
deformed portion Fb): 

. Fb — Fk 

. lAreduc. = — U; 
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where Fj, is the cross-sectional area in A , A ^ / :5_+l2:^Y involved 

the neck. \ 4i?/ V-K 0.25a/ 

In Fig, 10 curves have been con- in Eqs. 5 and 6 as a function of this re- 

structed giving the values of the factors duction of area. 
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A STUDY OF THE TENSION TEST* ' 

By Earl R, Parker/ Harmer E. Davis/ and Alan E. Flanigan^ 


Synopsis 

The paper describes some experiments and analyses that were made to 
determine the nature of the fracture in mild-steel cylindrical tension bars over 
a considerable range in temperature, to study the transition from a shear to a 
cleavage type of fracture in the simple tension specimen, and to obtain an indi- 
cation of the state of stress which would account for the observation that shear 
type fractures originated in the central portion of a tension test specimen at 
normal temperatures. 

Shear fractures were distinguished from cleavage (tension) fractures by 
microscopic examination of fractured ferrite crystals using an etch-pit tech- 
nique, Tension specimens tested at 70 F. fractured entirely by shear, while at 
liquid-air temperature similar specimens failed entirely by cleavage. At inter- 
mediate temperatures a mixture of both types of fracture occurred. 

An approximate analysis of the state of stress across the necked section of a 
tension bar just prior to rupture indicated that the shear stress was a maximum 
at the center of the necked section, corroborating the evidence from micro- 
scopic examinations which showed that the shear fractures started in the 
interior of the bars. 


The Problem 

The tension test has been employed 
for many years to indicate the suitability 
of materials for use in engineering 
structures. This test is one of the sim- 
plest of all tests to perform, it supplies 
accurate values for the yield strength and 
indicates the stress-strain characteris- 
tics of a material up to the strain at 
which neckmg begins. After the onset 
of local plastic flow, however, the stress- 
strain relationship becomes complex 
because of the curvature in the section. 
Also, circumferential and radial stresses 
are generated in this region. The stress 
condition gradually changes from one 
of simple uniform tension to a com- 
plicated condition of triaxial stress. 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Associate Professor of Physical Metallurgy, Associate 
Professor of Civil Engineering, and Research Engineer, 
respectively, University of California, Berkeley, Calif. 


The actual magnitudes and distribution 
of the stresses cannot be calculated from 
plastic theory with any certainty. 

Approximate mathematical analyses 
of the state of stress in the necked 
section of a tension specimen just prior 
to failure have been made by a number 
of persons. One of the most recent is 
that of Bridgman (1)^ which makes 
the simplifying assumption that the 
stress system is composed of simple 
axial tension upon which is superim- 
posed a hydrostatic tensile component 
of stress which varies from zero on the 
surface to a maximum value at the axis 
of the bar. Bridgman’s solution is in 
qualitative agreement with the opinions 
expressed by others concerning the prob- 


2 The boldface nutobers in parentheses refer to the refer- 
ences appended to this paper, see p. 1174. 
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able nature of the stresses in the necked 
section of a tension test specimen. 

Observations by Ludwik (2) and others 
have demonstrated that cylindrical ten- 
sion test specimens usually crack first 
near the axis of the bar, after which 
the crack propagates outward toward 
the surface. As a result of the evidence 
and opinions presented, several investi- 
gators (2, 3, 4) have stated that the crack 
which first forms near the axis of a test 
specimen is probably a cleavage® or 
tensile type of failure which occurs be- 
cause of a condition of triaxial stress that 
exists at and near the origin of the crack. 
Thus the flat part of the common cup- 
cone fracture is often considered to be a 
tensile type of fracture, while the in- 
clined portion or lip of the fracture near 
the surface is attributed to shear. 

In recent years the so-called true- 
stress matural-strain^ curve has been fre- 
quently used to represent the results 
from the tension test (5). This repre- 
sentation of the stress-strain relation- 
ship has been used in the theory of 
plasticity as a basis for calculating the 
behavior of a metal at large plastic 
strains under various conditions of 
multiaxial stress. It is to be noted, 
however, that this relationship involves 
the average longitudinal stress and the 
average natural strain at the minimum 
section of a test bar. There is, then, 
some doubt as to the validity of pre- 
dictions in the range of strain approach- 
ing failure because of the complex stress 
system which exists in the necked por- 
tion of the bar during the latter part 
of a tension test. The discrepancy, 
however, seems not to be excessive, so 


3 Sometimes called a “brittle” fracture. The following 
distinction is made: The term “brittle” is taken to refer to 
ack of ductility; the term “cleavage” is taken to refer to a 
hysical mode of fracture, of the separation type, caused 
y tensile stresses. It is possible to obtain a cleavage 
fracture after considerable ductile action has occurred. 

True-stress = P/Ay natural-strain = loge Ao/-d, where 
P is^the load on the specimen at any strain, A is the actual 
minimum area sustaining this load, and Ao is the original 
cross-sectional area of the specimen. 


that for rough calculations the values of 
average true stress and average natural 
strain can be used. In a number of 
cases the correlations between results 
predicted from a true-stress: natural- 
strain curve and those actually obtained 
under multiaxial stress conditions have 
been fairly close. 

The interest of the authors was 
aroused in this problem because of the 
possible error which might arise in con- 
nection with the use of the simple ten- 
sion test to predict the behavior of the 
material under the action of certain 



Fig. 1. — Path of PVacture Through Cylindrical 
Bar of Mild Steel Tested in Tension. 

multiaxial stress conditions, and because 
some observations made by the authors 
were not compatible with the statements 
recorded in the literature that the flat 
portion of the cup-cone fracture was a 
cleavage type of fracture caused by the 
high tensile stresses acting in this region. 

The Nature of Fracture in 
Mild Steel 

A close examina tion of the photographs 
in the literature (2, 3, 4) showing the 
first cracks which formed in the interior 
of tension bars and an examination of 
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similar specimens prepared in the labora- 
tory revealed that the apparently flat 
portion of the fracture was not really 
flat. As shown in Fig 1, the fracture 
traversed a zig-zag path and the actual 
planes of fracture were at approximately 
45 deg. to the axis of the specimen 
rather than at 90 deg. This rather 
superficial evidence indicated that the 
fractures might be of the shear rather 
than the cleavage type. A more detailed 
study of the mechanism of fracture was 
considered necessary before definite con- 



Fig. 2. — Slip and Cleavage Planes in Iron in 
Relation to Anangement of Atoms in 
Crystal Lattice. 

elusions could be drawn. Consequently, 
a microscopic examination of fractured 
specimens was made as described in the 
following paragraphs. 

It had been previously demonstrated 
that in iron crystals the mechanism of 
shear deformation is one in which the 
slip planes slide past each other. It had 
also been demonstrated that a tensile or 
separation type fracture can occur in 
iron by cleavage in which the atomic 


planes are caused to separate by a ten- 
sile force, similar to the peeling apart 
of sheets of mica (6). Furthermore, in 
iron the shear planes and cleavage planes 
are not identical. Slip has never been 
observed on the cleavage planes and 
cleavage has never been known to 
occur on the slip planes. Figure 2 
shows the location of the shear (or slip) 
planes and the cleavage planes in the 
iron lattice. To establish the mechanism 
of fracture in mild steel, it should be 
sufficient to identify the planes of 
fracture in the ferrite crystals. Because 
of these considerations, a medium-carbon 
steel was chosen for the investigation. 
It was found experimentally that a 20 
per cent solution of nitric acid in w’^ater 
would produce etch pits in the iron 
crystals which would have sides parallel 
to the cleavage planes. Tension test 
specimens were then fractured at normal 
temperatures, sectioned longitudinally, 
electroplated with nickel to protect the 
fracture surface, and then polished and 
etched with the nitric acid solution. 
As shown in Fig. 3,. the fractures in the 
centers of the specimens were found to 
follow paths which made angles of ap- 
proximately 45 deg. with the sides of the 
etch pits (and also with the cleavage 
planes), and hence parallel to the slip 
planes in the ferrite crystals. Thus the 
mechanism of fracture was established 
for this case to be of a shear type. 

For many years, it has been known 
that standard tension test specimens 
made of iron or mild steel will fracture 
in a brittle manner if tested at a suffi- 
ciently low temperature (7). Such speci- 
mens fracture after elongating only a 
few" per cent, and no local necking occurs. 
The general surface of fracture is always 
normal to the axis of the specimen. 
To check the technique used for identify- 
ing the mechanism of fracture, tension 
specimens were fractured at various 
temperatures ranging from room to 



Fig, 3. — Photomicrograph of Section Perpendicular to Fracture Surface for a Shear 

Fracture (X 1500). 

Specimen broken in tension at room temperature. Photograph taken at center of section where fracture originated. 
Traces of sides of etch pits in ferrite crystal are parallel to cleavage planes and are oblique to slip planes and to path of 
fracture through crystal. . 


Fig. 4.— Fractured Tension Specimens of Mild Steel Broken at Various Temperatures. 

As tests were performed at successively lower temperatures, the mode of fracture changed from shear to cleavage. 
At an intermediate temperature in the range shown, cleavage occurred at the center of a bar; at the lowest temperature, 
the entire fracture was by cleavage. The specimens tested at the two lowest temperatures shown were H in- in diam- 
eter instead of 34 in. in order to permit the use of more generous fillets at the end of the straight-sided portion of the bars. 

in nature. It was thus established that pressed opinions of some investigators, 

ferrite crystals can fail either by a shear Since the specimens did fail by shear, it 

or by a cleavage mechanism. The stress seemed worth while to determine the 

condition and the temperature deter- reason for such failures. Two possibii- 

mined the detailed mechanism of frac- ities presented themselves. Either the 

ture. Some of the specimens fractured shear stress was actually a maximum in 

at intermediate temperatures were found the central part of the test specimens, 

to fail by cleavage in the central portion which apparently is contrary to pre- 

and by shear near the surface. vailing opinion, or else the shear fracture 


liquid-air temperatures, then the frac- 
tures were prepared and examined as 
described above. The fractured speci- 
mens are shown in Fig. 4. The fractures 
of specimens which failed in a brittle 
manner were found to follow the cubic 
planes of the ferrite crystals as shown in 
Fig. 5 and consequently were cleavage 


Investigation oe Stress Distri- 
bution AT Necked 
Section 

The observation that ductile speci- 
mens tested at room temperature fracture 
by shear in the central portion of the 
specimen is not in accord with the ex- 
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strength was influenced by the tensile 
stress acting across the slip planes. The 
only way of deciding which explanation 
is correct seemed to be to determine the 
state of stress in the interior of the 
specimens. 

It is apparently not possible, from 
theoretical procedure thus far developed, 
to calculate accurately the exact state of 
stress in the necked portion of a tension 
test specimen. To obtain some idea of 
the stress distribution an experimental 
method of determining the approximate 
state of stress was devised. This method 


moved. From the surface strain meas- 
urements it was possible to calculate the 
approximate residual longitudinal, radial, 
and circumferential stresses which existed 
in the specimens prior to the boring 
operations. Then by superimposing 
upon the residual stresses the stresses 
calculated to have been relieved by the 
unloading of the bar before it was re- 
moved from the testing machine, it was 
possible to establish the approximate 
condition of stress which existed in the 
necked section of the specimen prior to 
the unloading. 



Fig. 5. — Photomicrograph of a Section Perpendicular to Fracture Surface for a 
Cleavage Fracture (X 1500). 

Specimen broken in tension at liquid-air temperature. Traces of sides of etch pits in ferrite crystal are parallel to 
cleavage planes and to path of fracture through crystal. 


consisted of first straining in varying 
amounts a series of identical test speci- 
mens. These strains ranged from those 
too small to cause necking to those which 
which would almost cause fracture. The 
strained specimens were then unloaded, 
three longitudinal and three circumferen- 
tial SR-4 resistance wire strain gages 
cemented to each specimen at the 
smallest part of the necked section, and 
the residual stress distribution in the 
necked section of the specimens deter- 
mined by boring out the centers of the 
bars in successive increments and ob- 
serving the strains on the surface as 
increasing amounts of metal were re- 


The method of successive boring was 
developed by Sachs and Van Horn 
(8) to determine the residual stresses 
in long cylinders. This method as- 
sumes no variation in the stress condi- 
tion over a considerable length of speci- 
men, a condition which is not fulfilled 
in the necked tension specimens. Appli- 
cation of the method to necked tension 
specimens introduces some uncertainty 
as to the accuracy of the results. To 
check the magnitude of the error intro- 
duced by the use of the Sachs analysis 
for the residual stress determination in 
, pecked tension specimens, .an additional 
experiment was performed. One tension 
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specimen was strained almost to the 
breaking point and then unloaded. As 
with the other specimens, small re- 
sistance wire strain gages were placed 
at the minimum diameter section so 
that strains could be measured during 
machining. The specimens were nor- 
mally bored in small increments, leaving 
the surface contour in its original condi- 
tion. With the check specimen, how- 
ever, the surface was first machined 


from the boring was over 800 micro- 
inches per inch and the average strain 
resulting from each of the fifteen or so 
separate boring steps exceeded 30 micro- 
inches per inch. The residual stress pat- 
tern determined from the specimen 
machined to a cylindrical shape was 
essentially the same as that obtained 
from a similar specimen having the 
necked contour. This experiment indi- 
cated that the magnitude of the error 



Natural Strain 


Fig. 6. — Diagrams of True Stress Versus Natural Strain for Specimens Used for 
Stress-Distribution Anabasis. 

Specimens were 2 .2S-m. diameter medium steel bars. Specimens were strained in tension to various amounts andltiien 
unloaded except specimen No, 1 wbich was tested to rupture. 


until the specimen was cylindrical, so 
that the geometry of the specimen was 
the same as that of the specimens used 
by Sachs. Strain measurements were 
made during the surface machining and 
also during the subsequent boring opera- 
tions, The total strains measured dur- 
ing the machining of the specimen into 
cylindrical form were zero in the circum- 
ferential direction and 10 microinches 
per inch in the longitudinal direction. 
The total longitudinal strain resulting 


introduced by the shape of the necked 
specimens was of small magnitude. 

In the calculation of the stresses due 
to unloading, it was necessary to con- 
sider the variations in stress due to the 
notching effect of the necked section. 
To estimate the stress-concentration 
effect, Neuber’s analysis (9) for hyper- 
bolic notches was used, and it was as- 
sumed that the unloading strains were 
elastic. 

The Bauschinger effect was neglected 
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in the analysis. For higher magnitudes 
of strain in these tests, the Bauschinger 
effect is important and should be con- 
sidered in a final analysis. During 
unloading of specimens subjected to 
large elongations, the axial stress at the 
surface changes from a high value in 
tension to a high value in compression. 
Because of the Bauschinger effect, yield- 
ing will occur during the latter part of 
the unloading operation. Due to yield- 



Fig. 7. — Calculated Distribution of Residual 
Stresses in a 2.25-in. Tension Bar Just 
Prior to Rupture. 

Stresses were calculated for the conditions of strain at 
the point of rupture by extrapolation from the results of 
experimental stress analyses of bars strained to lesser 
amounts. 


measured on a standard tension test 
specimen 0.505 in. in diameter. The 
specimens used for the stress-distribution 
determinations were 2.25 in. in diam- 
eter. This size was chosen so that the 
residual strain measurements could be 
made with a reasonable degree of accu- 
racy. All test specimens were cut from 
a single length of bar and were given a 
stress-relief heat treatment of 2 hr. at 
1100 F. before the tests were begun. 

The true-stress: natural-strain curves 
for all of the specimens are given in Fig. 
6. The natural strain was calculated 



Per Cent Radius 


Fig. 8. — Calculated Distribution of Unloading 
Stresseshn a 2.25-in. Tension Bar Just 
Prior to Rupture. 

Stresses were calculated by the Neuber method of ana- 
lysis for the shape of the bar at t he point of rupture. 

from measurements of the diameter of 
the bar at the minimum cross-section 
after each increment of load, as indi- 
cated below: 


ing, the stress concentration which ac- 
tually occurred was less severe than 
that indicated by the method of analysis 
which was used. 

The material used for the investiga- 
tion was a hot- rolled 0.25 per cent carbon 
steel having a yield strength of 47,500 
psi., an ultimate strength of 68,500 psi., 
an elongation of 38 per cent in 2 in., and 
a reduction of area of 68 per cent as 


rL 

Natural strain ^ / 

1 i . Ao 

= log.-=Iog.- 

where: 

L = final length of a small element, 

Lo = original length of a small element,. 
A = final minimum cross-sectional area, 
of test bar, and 
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:4a *===/origi]ml' €r^ of the specimens at the smallest part 

bar. of the necked section. The residual 

, stresses were then relaxed by boring out 

The true stress was obtained by dividing the central part of the specimen in 
the load by the minimum cross-sectional successive increments. From the strains 
area of the specimen. After necking indicated by the strain gage readings 
beginSj this measure of true stress is taken during the boring operations^ the 
only an average of the longitudinal approximate magnitude and distribution 



Per Cent Radius 

Fig. 9. — Distribution of Longitudinal Stresses at Minimum Section of Loaded 
Bars Strained to Various Amounts. 

Diagrams are arranged according to the average natural strain attained under the given load applied to each specimen^ 
see Fig. 6. , , ■ 

stresses in the necked section. The of the residual longitudinal, circumferen- 

actual stress distribution in this region tial, and radial stresses which had existed 

is shown later. in the bar just prior to the boring opera- 

The strains to which the test speci- tion were calculated. The details of the 
mens were subjected are shown in Fig. procedure and methods of calculation 
6. The strained specimehs were then are given in Appendix I, An example 
unloaded, and three longitudinal and of a residual stress distribution obtained 
three circumferential SR^ resistance by this procedure is shown in Fig. 7. 
wire strain gages were cemented to each As previously mentioned, the curva- 














Specimen No.! 
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tures in the necked sections of the speci- 
mens constituted notches which intro- 
duced mild stress-concentration effects 
in these bars. Furthermore, this cir- 
cumferential notch introduced radial 
and circumferential stresses. The 
method of analysis devised by* Neuber 
(9) permits the calculation of the magni- 
tudes and distributions of the three 
components of stress in a bar with a 
hyperbolic notch for elastic strain condi- 
tions. Assuming that the unloading of a 
necked tension specimen is an elastic 
unloading procedure, the changes in the 
stresses .may be considered to be the 
reverse of those produced by the elastic 
loading of a similar specimen having the 
same shape. An example of the results 
obtained by the Neuber analysis is given 
in Fig. 8. Some of the details of this 
analysis are given in Appendix II. 

By adding the unloading stresses to 
the residual stresses, the longitudinal, 
radial, and circumferential stresses, un- 
der the maximum load sustained by each 
bar, at its minimum section were com- 
puted. The distributions of these com- 
puted stresses are shown in Figs. 9, 10, 
and 11. The stress-distribution dia- 
grams in these figures are arranged 
according to the maximum natural 
strain developed by the bars. The stress 
distributions for specimen No. 1, which 
was actively loaded to rupture, were 
obtained partly by extrapolation from 
the data for bars subjected to loads 
smaller than the rupture load. Owing 
to the Bauschinger effect, the computed 
distributions of stress differ from the 
true distributions for the specimens sub- 
jected to the higher loads. However, a 
study of these results makes it evident 
that deviations from a uniform stress 
condition begin when necking begins and 
grow progressively greater as necking 
proceeds, and the data here presented 
give a qualitative picture of the effect 


of the necking on the stress distributions 
which are developed. 

In Fig. 12, the circumferential, radial, 
and longitudinal stress distributions for 
specimen No. 1 are plotted on the dia- 
gram, together with the computed maxi- 
mum shearing stresses. The shearing 
stresses were obtained from the differ- 
ences in the major and minor principal 
stresses at each of a number of points 
across the section. It is to he noted that 
tke computed maximum shear stress occurs 
at the center of the section. If the effects 
of plastic yielding, which occurs when 



Fig. 12. — Calculated Distribution of Stresses 
Across Minimum Section of Necked Tension 
Bar at the Point of Rupture. 

Stresses were obtained by summing the residual and 
unloading stresses for this condition. 

compressive stresses are developed during 
unloading of a test bar (the Bauschinger 
effect), were considered, the difference 
between the shearing stresses at the 
center and at the surface of the bar 
would be somewhat greater than that 
from this analysis. This indicates then, 
at least qualitatively, why shear frac- 
tures can originate in the central portion 
of a necked tension bar. 

It should be noted that the variation 
in shear stress across the necked section 
is small compared with the variation in 
longitudinal stress, and therefore the 
deviation of the actual ' Shear stresses 
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from the average shear stress is small. 
This may account for the approximate 
agreement between the results of many 
multiaxial stress tests and the results 
' predicted from simple tension test data, 
because as long as shear is the controlling 
mechanism of failure, the computed 
average tensile strength is a function of 
the shearing resistance. 

Summary 

1. It was established by microscopic 
examination that mild steel can fracture 
in two ways, either by shear or by cleav- 
age. High shear stresses can cause 

' shear fractures on slip planes within 
the ferrite ciystais. Tensile stresses 
can cause cleavage on other crystal- 
lographic planes on which" slip does not 
occur. 

2. Shear-type fractures were found to 
occur across the entire section of rupture 
in ordinary tension test specimens of 
mild steel at normal temperatures; even 
the center portions of the cup-cone 
fractures were found to be of the shear 
type. At liquid-air temperature, only 
cleavage-type fractures were obtained. 
At intermediate temperatures, a mix- 
ture of both types of fracture occurred 
in some specimens. 

3. The approximate magnitudes and 
distributions of the longitudinal, radial 
and circumferential stresses were deter- 


mined in unfractured specimens whicli - 
had been strained various amounts. 
The triaxial stresses generated in the 
necked section of a tension test specimen 
were found to be of such a nature that 
ihe shear stress was greater at the center 
than at the surface. This observation is 
in accordance with the fact that shear 
fractures begin in the interior of the: 
specimen. 

4. The variation in shear stress across 
the necked section was small compared 
with the variation in the tensile stress. 
Also, differences between the actual 
shear stresses and the “average^’ shear 
stress calculated from the average tensile 
stress were relatively small This ap- 
pears to account for the approximate 
agreement obtained by many investiga- 
tors between results from the simple 
tension test and those obtained from 
multiaxial stress tests. 

5. The reported stresses are only 
approximate because the Bauschinger 
effect was neglected. The results, how- 
ever, give a useful picture of the stress 
distribution in the necked section of a 
tension test specimen. 
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APPENDIX I 


Determination oe Residual Stresses at Necked Section oe 2.25-m, Tension Bars 


A specimen of a ductile material subjected 
to tensile loading undergoes two stages of 
strain. While the load required to cause 
progressive extension increases gradually 
from zero to a maximum, the specimen un- 
dergoes continuous but uniformly distributed 
strain, some elastic and some plastic. At 
the maximum or ultimate load, necking 
begins and thenceforth essentially all of the 
plastic flow is restricted to a relatively small 
portion of the gage length. Continued 
straining results in a decrease in load even 
though the average stress in the necked 
section is greater. 

The strains are not uniform through- 
out the necked region and a nonuniform 
distribution of longitudinal stress develops. 
At the same time, radial and circumferential 
stresses are induced in the region of the 
neck. Furthermore, the stress system in- 
duced in the necked section of the specimen 
stretched in tension is different from that 
which would occur in a bar machined to the 
same shape but loaded within the elastic 
range. In the machined specimen, the 
curvature in the region of the neck causes a 
concentration of stress at the outer surface, 
while the specimens strained in the plastic 
range to produce an identical shape has a 
maximum stress at the center of the necked 
section. 

It is helpful to consider the stress system 
in a necked tension specimen as being com- 
posed of two parts: (1) a stress system 
resulting from removal of external load and 
(2) a superimposed residual or internal stress 
system not relaxed when the load is removed. 

The residual stresses were determined 
experimentally by a method described by 
Sachs and Van Horn (8). This method 
consists of removing metal from the interior 
of the specimen by successive boring opera- 
tions, measuring the resulting longitudinal 
and circumferential strains on the surface, 
and from these strains calculating the origi- 


nal stress distribution. All components of 
stress, the longitudinal, the radial and the 
circumferential, can be determined in this 
manner. The analysis is based on the as- 
sumptions that 


where: 


da-c 


dd 



cTe == circumferential stress, 

CTL = longitudinal stress, 

0 ~ circumferential direction, and 

L == 'axial direction. 


The second of the assumptions mentioned 
above is, of course, only true at the mini-' 
mum section. Consequently, the gage 
length used for the strain measurements 
must be small compared with the length 
of the necked portion of the specimen. 
This was accomplished by using type A7 
SR-4 resistance wire strain gages which 
have gage lengths of approximately i in. 

The stresses at any location within the 
cross-section are related to the surface 
strains resulting from boring in the follow- 
ing manner: 


CTL - 




djcL + fiec) 

dA 


— (cl + jacc) 


<^R 


<Tc 



{A, - A,) 

2Ai 

{Ao - A^) 


(Cc + \ 

dUc + net) 
dA 


Aq 4 - Ab 
2Ab 


(ec + fMei) 
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where: 

o-i. ■ == longitudinal stress, ■ 
a-R == radial stress, 

(Tc = circumferential stress, 

E = Young’s modulus, 
jii = Poisson’s ratio, 

Ao = cross-sectional area before beginning 
boring operation, 

Ab = cross-section of bore, 

€L “ longitudinal strain at surface, and 
- circumferential strain at surface. 

In the analysis, the cross-sectional area 
of the bore is plotted against the strain 
functions and the rate of change of strain 
with respect to the area is then obtained 
from these plots. 

This analysis is rather complicated in 
nature, but appears to 3 deid reasonably 
accurate results if certain precautions are 
observed. One important factor is the 
temperature. Extreme care must be taken 
to prevent the surface temperature of the 
specimen from rising more than 25 F. 
during the boring. A blast of air directed 
into the bore during machining helps to 
limit the temperature rise. It was found 
by experience that a temperature rise of 
more than 25 F. would cause abnormally 
high strain readings and would result in 
offsets in the bore area-strain curves. The 


cause of the error was not determined, al- 
though it may have been due to the intro- 
duction of machining stresses in the bore 
by the heavier cuts. In all boring opera- 
tions, therefore, care was taken to limit the 
temperature rise of the specimen to a small 
magnitude. 

When the radius of the bore approached 
the value of the radius of the section, the 
strain readings became very erratic* To 
check the effect of the boring operation 
itself on the strain readings, a stress-free 
specimen machined to the same shape as a 
necked specimen was bored in an identical 
manner. No strains were recorded until the 
wall of the specimen became thin. The 
strain readings then became erratic as in 
the case of the necked tension specimens. 
It was evident that the boring introduced 
errors in the strain readings only when the 
wall of the specimen became thin. The 
residual stresses could not be determined 
accurately for the last few per cent of the 
radius. However, the plotted values of 
cross-sectional area removed versus strain 
relaxed followed a smooth curve until the 
radius of the bore reached about 97 per 
cent of the outside radius, so that an ex- 
trapolation was considered sufSciently accu- 
rate to establish the stress condition at the 
surface. 


APPENDIX II 

Calculation of Unloading Stresses 


As a necked tension specimen is unloaded, 
the average stress across the necked section 
is reduced to zero. Because of the shape 
of the necked portion, the actual magnitude 
of longitudinal stress relieved at the surface 
by unloading is not the same as that at the 
center. Furthermore, the radial and cir- 
cumferential stress values are changed by 
the unloading. The determination of the 
stresses relaxed by the unloading thus in- 
volves a three-dimensional stress analysis. 
Neuber (9) has made an analysis by which 
there can be computed the three-dimensional 
stress distribution in a cylindrical specimen 
having a hyperbolic circumferential notch, 
when there exists proportionality between 
stress and strain. As shown in Fig. 13, the 


contours of the necked specimens could be 
closely matched to hyperbolas. 

For convenience in his analysis, Neuber 
used a special quadratic coordinate system 
based upon the transformations 

X = sinh u cos 2^1 

( 1 ) 

y = cosh u sin vj 


which yields an orthogonal set of coordi- 
nates. Then 
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Fig. 13.— Contours of Necked Tension Bars Strained to Various Amounts. 


In this system the lines, u = constant, are 
ellipses, and the lines, v == constant, are 
hyperbolas. 

The equation relating the longitudinal 
stress to values of w, and the average stress 
is: 

i ' ■ f cos V 

costf« 

+ C 1-2 -DA 1 cos »l 

1 cosh® “ J j 

COS V 

+ “ (-A + B + C cos® v) . . . . . (3) 


where: 

o-w = stress normal to ellipsoid % 

UfV = coordinates, 

P == average stress on section, 

Aj Bj C = constants depending upon con- 
tour of notch and upon P, 

D = 2(1 — ju) where ju = Poisson^s 
ratio, and 

F — A/sinh^^^i -f cos®t^. 


At u =* 0, the surface of the ellipsoid w 
collapses to the minimum cross-sectional 
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area of the specimen and ctu is then the longi- 
tudinal stress, ctj:,. Also, at « = 0 

tanh^ tt = 0 

sinh M = 0 

cosh M = 1 

F = cos V 
So 

o-L = -t- IB - ai + D]\ 

cos V 

1 

+ — r- {-A + B C cos^ ri. . . . (4) 
cos® V 


The constants can be evaluated from the 
following equations. 

^ = (J5 - 1)(1 -f cos Vo)C 

f 

B = A — C cos^ Vo 

K . . \o} 

^ _ P 1 + COS Vo 

2 1 4“ (2 — D) cos Vo + cos^ Vo 

where P = average stress == load area 
of section, and Vo is the coordinate at the 
surface of the specimen. If Poisson^s ratio 
is taken as 0.3, then D = 1,4. 

The coordinate system was so chosen 
that 

a/r = tan^ Vo 

1 

= COS Vo 

Va/r + i 

i = sm 

J a/r +1 

where: 

a = radius of specimen at minimum section, 
and 

r ~ radius of curvature at base of notch. 


Hence 


C == 


P 

"2 ' 


1 + 


Va/r + 1 


1 + 


' 0.6 


"X/ a/r -|- 1 a/r + 1 


from which the values for ^ and B follow 
directly. 


The solution for thus consists of deter- 
mining the values of P, a, and r experi- 
mentally, then substituting in Eq, 4 to 
determine the distribution of longitudinal 
stress across the section. 

Similarly, the equation which relates, the 
circumferential stresses in the minimum 
section to the coordinate, v, the average 
stress, P, the radius of the minimum section, 
and the radius of curvature of the notch, 
f , is 

<r. = — ( B- 0.6c) .. . . (6) 

COS ® \1 4“ cos V / 


where A, P, and C are the same constants 
used in Eq. 4. 

The radial stress is given by 


<rs: 


_L/ — 

COS J? [ 1 4“ cos V 



4" 


A - B 
cos®' V 


.(7) 


The analysis as given above is based on 
the assumption that the notch is very deep. 
Neuber has made a similar analysis for 
shallow notches and, by a combination of 
these two analyses, he has arrived at a 
solution for the concentration effect of 
notches of intermediate depth. The stress- 
concentration factor used by Neuber for 
shallow notches is 


as = = 1 -f 2 a/ t/r (8) 

cr ave. 

where: 

t = depth of notch, and 
r = radius of curvature at base of notch 

As an example of the difference in the 
stress-concentration factor obtained for 
specimen 1 in the necked tension bar series, 
the deep notch theory gives a value for a 
of 1.45 while the shallow notch theory 
results in values of as ranging from 1.40 
to 1.44, depending upon the value chosen 
for t. The difference in the maximum 
stress is obviously small. The necked ten- 
sion specimens appear to be more nearly 
in the shallow notch class and consequently 
a corrected value of a of 1.41 was used as 
the most probable stress-concentration 
factor. 



1174 


Packer, Davis, akd Flanigan 


References 


(1) P. W. Bridgman, ‘^The Stress Distribution at 
the Neck of a Tension Specimen/’ Transac- 
tions^ Am. Soc. Metals, Vol. 32, p. 553 (1944). 

(2) P. Ludwik, ^^The Importance of Spacial Ten- 
sion for the Testing of Metals,” Zeitschrifl 
des Vereines deutscher Ingenleure, Vol. 71 
(1927). 

(3) S. Timoshenko, ^‘Strength of Materials,” 
Vol II, Second Edition, p. 421 (1941). 

(4) M. Gensamer, “Strength of Metals Under 
Combined Stresses,” Am. Soc. Metals, p. 54 
(1940). 

(5) C. W. MacGregor, “The Tension Test,” 


Proceedings, Am. Soc. Testing Mats., VoL 40, 
p. 508 (1940). 

(6) C. S. Barrett, “Structure of Metals,” 
McGraw-Hill Book Co., Inc., New York, 
N. y., pp. 322-324 (1943). 

(7) “Metals Handbook,” Am. Soc. Metals, p. 87 
(1939). 

(8) 'George Sachs and Kent R. Van Horn, 
“Practical Metallurgy,” Am. Soc. Metals, p. 
179 (1940). 

(9) H. Neuber, “Kerbspannungslehre: Grund- 
lagen fur genaue Spannungsrechnung,” 
Julius Springer, Berlin, 1937. 





JOINT DISCUSSION 


Mechanical Methods oe Testing 
By N. N. Davidenkov and Miss N. I. SpmDONovA 
A Study of the Tension Test 
By Earl R. Parker, Harmer E. Davis and Alan E, Flanigan 


Mr. A. Nadai.^ — It seems a fortunate 
coincidence that two valuable papers 
are offered for presentation at this an- 
nual meeting of the Societ}?', originating 
from two countries, devoted to the same 
subject, in which new experimental 
evidence is presented for obtaining quan- 
titative information regarding the dis- 
tribution of the stresses in the constricted 
portion of bars of ductile material be- 
fore they break in tension tests. Al- 
though the determination of the true 
stresses at which a tension specimen 
breaks is one of the oldest mechanical 
problems the testing of materials has 
raised since its earliest times, it has 
always been considered as a question 
an answer of which encounters formid- 
able difficulties. The reasons are famil- 
iar to most engineers. Before a bar of 
a ductile material breaks it deforms lo- 
cally and plastically by large amounts, 
making it necessary to introduce precise 
means for measuring the permanent 
strains and for defining the stresses 
under which these latter are produced 
in the necked portion of the specimen 
or, in other words, to analyze a space 
distribution of stress and strain in three 
dimensions. Both papers approach this 
problem from an experimental angle, 
proposing different means for the deter- 
mination of the maximum stresses at 
which the fracture starts in the mini- 
mum section of the bar. Both papers 
are based on theoretical considerations, 


the assumptions of which may be more 
or less debatable. This writer does not 
wish to question any of these assump- 
tions because he is also of the opinion 
that simplifying assumptions must be 
made in order to obtain, with a minimum 
of theoretical means, quantitative re- 
sults regarding the distribution of the 
stresses at fracture. While this writer, 
therefore, does not wish to raise various 
additional important factors which ac- 
cording to his own opinion may have an 
influence on the form of the necked 
portion of a bar, he does wish to submit 
one or two additional remarks. The 
problem of the necking is admittedly a 
rather complex problem in the testing 
of ductile materials. A satisfactory 
complete analytical solution of the 
necking problem of the ductile metals 
thus appears very difficult for many 
reasons, some of which have been 
quoted in the two papers and some by 
previous investigators of the necking 
problem. In the range of the strain 
hardening of the metals, the mean true 
stress during a tension test increases 
with the mean axial strain. It has not 
yet been established definitely whether— 
and if so, how much — the permanent 
deformation influences the strength of a 
polycrystalline grain structure before 
the fracture occurs. Some experimental 
evidence seems to make it probable 
that small elements of material which 
have been distorted plastically in some 
prescribed manner may become gradu- 


1 Consulting Mechanical Engineer, Westinghouse 
Research Labs., East Pittsburgh, Pa. 
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ally anisotropic with regard to their 
inner resistance against separation at the 
instant when fracture occurs. Expressed 
in other words, the inner resistance 
against separation after a considerable 
amount of cold work may be different 
in the different directions relative to 
the material elements. 

The writer suspected for some time^ 
and believes still that a mechanical 
theory of necking of ductile metals in 
tension which is based on the concept 
,, of pure strain hardening is unable to 
predict one important group of observa- 
tions related to necking, namely, the 
great differences in the shapes of the 
profiles of the necked portions of ten- 
sion specimens which have been observed 
when these were tested under different 
rates of straining (or at slightly dif- 
ferent temperatures). It is well known 
that specimens tested slowly at slightly 
elevated temperatures show much longer 
necks with gradually changing diameters 
than bars broken by rapid pulling. In 
these latter cases the constriction is 
much more localized and shorter at the 
instant of fracture. Two Russian in- 
vestigators, A. A, Ilyushin® and A. J. 
Ishlinsky^ have recently worked out a 
mathematical theory of necking assum- 
ing certain idealized conditions, namely, 
a material which has a definite yield 
point and which, after this has been 
reached, deforms like a viscous material 
(in which stress is proportional to the 
permanent rate of strain). They found 
the very interesting result that bars of 
such an ideal material having a profile 
with shallow waves may or may not 
neck further down in the narrowest 

*A. Nadai and M. Manjoine, “High-Speed Tension 
Tests at Elevated Temperatures. Parts II and III,” 
Journal of Applied Mechanics ^ Am. Soc. Mechanical Engrs., 
VoL 8,No,2, p- A77 (1941). 

8 A. A, Ilyushin, “Deformation of Plastico- Viscous 
Materials,” Scientific Notes of the State University in 
Moscow, U.S.S.R,, Issue 39 (1940). 

4 A. J. Isblinsky, “Stability of the Plastico-Viscous 
Flow of a Round Bar,” Journal. Vol. 7, No. 2, pp. 109- 
130 (1943) ; also W. W. Sokolovsky, “The Theory of Plastic- 
ity— An (Outline of Work Done in Russia, J* Journal of 
Applied Mechanics, Am.. Soc. Mechanical Engrs., Vol. 13, 
No. l,p, Al (1946). 


sections. This depends on the rates 
with which the bars are stretched. If 
the rate is below a certain rate, the shal- 
low waves are wiped out through further 
stretching. If the rate is above the 
critical value, the waves will become 
deeper and deeper and necking will pro- 
ceed in the bars. 

The authors of both papers referred 
to theoretical considerations concerning 
the necking of round bars.® In these, 
the assumption was made more recently 
that the radial and tangential unit 
strains are equal to each other in the 
minimum section of the bar. It has 
furthermore been assumed that these 
strains are perfectly constant through 
the minimum section.' According to the 
theory of plasticity this has the conse- 
quence that in every point of the mini- 
mum section the radial stress must be- 
come equal to the tangential stress. 
The radial stress is 0 at the surface of the 
neck, therefore also the circumferential 
stress is 0 in. the surface. At the axis 
of the specimen, in the center of the 
minimum section, on the other hand, the 
radial stress equals the circumferential 
for symmetry reasons. It was the merit 
of Davidenkov and ^Spiridonova of 
having proved in their paper through 
their careful measurements that the dis- 
tortion of the grains in ingot iron in the 
necked portion of the specimens indeed 
conforms with this assumption in a satis- 
factory manner. Thus, the assuinption 
that €r = is verified by their experi- 
ments with this metal. Such special 
inodes of flow disclosing a striking and 
beautiful symmetry condition cannot 
occur without some deeper cause of a 
mechanical nature. The writer wishes 
tp point to a possible cause for this type 
of symmetrical flow <Tr 'Crt ^ 

This will be illustrated through a fig- 
ure of the surface of yielding. Atten- 
tion to this type of flow has been called 

^ P. W. Bridgman, Am. Soc. Metals, Vol, 

32, p. 5S3 (1944). 
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by F. K, Tli» van Iterson in a little 
book which has just been published in 
Paris, “Traite De Piasticite pour LTn- 
genieur/^ 1944, p. 98. Van Iterson 
states “that among all possible states 
of , stress satisfying a given condition 
of plasticity in nature those occur which 
make the efforts (forces) a minimum.’^ 
It can be shown that this symmetrical 
type of flow indeed produces a minimum 
value of the tensile force which is the 


last stages of stretching just before the 
fracture may occur. Assuming that 
(Ta , (Try and <Tt (tiic axkl, radial, and 
tangential stress at the distance r from 
the axis in the minimum section) are' 
plotted as rectangular coordinates (see 
accompanying Fig. 1) this is the equa- 
tion of a circular cylinder whose axis 
makes equal angles with the crai Vr, 
(ft directions. On the right of the cylin- 
drical surface of yielding is shown a 



integral of the axial stresses taken over 
the minimum section in the neck of a 
specimen among other possible types of 
distributions of stress also satisfying the 
plastic limit. 

Suppose that the surface of yielding 
is expressed by the condition 

(Vr — + (cTjs — O-a)^ + (o’o — 

where o-q is the yield stress for pure ten- 
sion in an advanced state of strain 
hardening of the metal approaching the 


portion of a necked bar in two views. 
The testing engineer wishes to express 
the distribution of the axial stresses 
(fa within the minimum section (as 
indicated in the middle figure through 
the curve for Va) of the neck. 

The cylindrical surface of yielding 
intersects the coordinate planes in two 
ellipses shown in the figure. To point 
A of the bar (at the surface of the neck) 
must correspond a point A situated on 
one of these ellipses namely in the 
plane section of the surface of yielding 
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in which o“r == 0 (since the radial stress 
cTr must vanish in point A on the surface 
of the tension specimen). At point C, 
the center of the minimum section (or 
in the axis of the tension specimen), 
(Tr equals cTi. The corresponding point 
C (representing the state of stress) on 
the surface of yielding must evidently 
be situated in the plane bisecting the 
right angle of the (Xr and (Xi axes (since 
in this plane o-r == crt). Thus we see 
that all states of stress in the minimum 
section of the tension specimens will 
be represented by a curve which con- 
nects the points A and C on the cylinder. 
This curve has been traced in the ac- 
companying Fig. 1 on the cylindrical 
surface of yielding. The ordinates <Xa 
of this latter curve (such as CC') repre- 
sent then the axial stresses a a of the bar 
in its minimum section just before frac- 
ture occurs. 

It is now easy to see that the integral 
of all these ordinates: 

P = 2t f aardr 
Jq 

which is the load at fracture becomes a 
minimum if the curve CA is made to 
coincide with the steepest straight line 
CB which can be traced on the cylinder, 
namely the generatrix passing through 
C. All other curved lines traced on the 
cylinder starting'^from point C and join- 


ing a point A in the^cra , at plane have 
longer ordinates aa than the straight 
generatrix CB. But along this latter 

a r a t 

Thus we may state that according 
to the theory of flow of a perfectly 
plastic substance a ductile metal ad- 
justs itself to flow under tension in such 
a manner that in the minimum cross- 
section in the neck everywhere the 
radial stress becomes equal to the cir- 
cumferential stress because under these 
symmetrical states of stress the bar can 
flow under the minimum value of the ten- 
sile force j which otherwise could make it 
also flow if the ar would not be equal to 
the at . 

It is remarkable to note that the 
two different experimental methods 
which were proposed in the two papers 
lead their authors to a distribution of 
the stresses at fracture which is similar 
in one important respect: the tangential 
stress practically vanishes at the surface 
of the neck in the minimum section in 
the curves given by Parker, Davis, and 
Flanigan during the last stages of 
stretching conforming with what David- 
enkov and Spiridonova concluded from 
their measurements of the strains. The 
differences between the shapes of the 
stress curves at earlier stages of stretch- 
ing may also be of interest for further 
studies. 



A STUDY OF THE GEOMETRY OF THE TENSION-IMPACT SPECIMEN*-' 
By N. a. Kahn^ and E. A. Imbembo^ 


Synopsis 

Data are presented on the effect of the geometry of the tension-impact 
specimen on the energy values obtained from the tension-impact test. This 
paper indicates the effect of the LjD ratio of the test section on the ten- 
sion-impact values and includes recommended values for this ratio in order 
to obtain a true measure of the tensile-impact resistance of met alli c mate- 
rials, as may be determined by tests conducted in a conventional pendulum 
type impact testing machine. Tension-impact data for medium steel, 
austenitic type corrosion-resisting steel, copper, Naval rolled brass, nickel- 


copper alloy (monel), and 1 /b-T type 
are included. 


Considerable confusion exists in the 
literature (1, 2, 3, 4, 5)^ on tension-impact 
testing to the extent that various investi- 
gators employ different forms of test 
specimens. and the results of tests are not 
always expressed in the same units and 
terminology. For example, several in- 
vestigators (2, 3) have expressed the 
results of tension-impact tests in terms 
of the number of foot-pounds required to 
rupture specimens of certain dimensions; 
another (4) has reported results in terms 
of unit energy absorption (foot-pound per 
cubic inch of metal contained in the gage 
section) ; while still another (5) has indi- 
cated values in terms of so many foot- 
pounds per square inch of cross-sectional 
area of the gage section. A situation of 
this kind obviously does not permit 
satisfactory correlation of the data of 

■^ Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. . . , 

1 1’he opinions or assertions contained herein are the 
private ones of the authors and are not to be construed as 
official or reflecting the views of the Navy Department or 
the Naval Service at large. 

2 Principal Metallurgist and Senior Metallurgist, re- 
spectively, Material Laboratory, New York Naval Ship- 
yard, Brooklyn, N. Y. £ 

s Boldface numbers in parentheses refer to the list ot 
references appended to this paper, see p. 1190. 


aluminum alloy at various L/D ratios 


various workers in the field. While the 
authors make no special cla‘ims for the 
tension-impact test conducted at rela- 
tively low velocities, such as are available 
in pendulum type impact testing ma- 
chines, the work described herein was 
undertaken in an effort to throw further 
light on the subject and to provide data 
which can be used to effect standardiza- 
tion of this test. However, the tension- 
impact test does afford a simple and 
quick determination of toughness which 
is sometimes measured by the more 
laborious method of taking the total area 
beneath the stress-strain diagram (to 
rupture) as obtained in the static tension 
test. 

In November, 1943, the authors were 
authorized to conduct a metallurgical 
investigation of welding-quality medium 
steel plate intended for hull construction 
for the purpose of obtaining data which 
would serve as a basis for specification 
improvement and quality control. 
Among ! the various properties to be 
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TABLE I.— EFFECT OF LID RATIO ON THE TENSILE IMPACT RESISTANCE OF MEDIUM STEEL 

RIVET ROD. 



U’ln. Diameter As-Rolled Bar Stock. Tests Conducted at Room Temperature Under a Striking Velocity of 

16.5 ft. per sec. 


Gage Length, L, in,. 

0.05 

0.10 

0.25 

0.50 

1.0 

0.05 

0.10 

0.25 

0.50 

1.0 

Gage Diameter, D « 0.113 in. 

Gage Diameter, D ss 

0.226 IN. 

L/D........ 

0.442 

0.885 

2.21 

4.42 

8.85 

0.221 

0.442 

1.11 

2.21 

4.42 

Volume, cu. in. 

0.0005 

0.001 

0.0025 

0.005 

0.01 

0.002 

0.004 

0.010 

0.02 

0.04 


No. 1... 

3.0 

3.25 

4.S 

11.5 

16.0 

12.75 

15.25 

29.5 

51.25 

103.0 


No. 2... 

2.75 

4.0 

4.5 

8.5 


14.5 

17.25 

30.25 

49.25 

83.0 

Total Energy 

No. 3... 

3.0 

3.5 

5.5 

10.5 

14.5 

14.5 

16.0 

29.5 

48.0 

106.5 

Absorption,, 

No, 4... 

2.75 

3.5 

5.25 

7.75 

15.75 

15.0 

16.75 

30.0 

48.5 

84.0 

ft-lb. 

No. S... 

2.75 

3.5 

5.5 

8.0 

15.0 

15.0 

18.2,5 

29.5 

48.5 

85.5 


Avg. . . . 

2.85 

3.55 

5.05 

9,25 

15.31 

14.35 

16.70 

29.75 

49.1 

92,4 


No. 1.. 

6000 

3250 

1800 

2300 

1600 

6375 

3810 

2950 

2560 

.:580 

Unit Energy 
Absorption,, 
ft-lb. per 

No. 2... 






7250 

4310 


2465 


-No. 3.. 

6000 

3500 



1450 

7250 


2950 

2400 

2660 

No. 4,. 

5500 




1575 


4190 



2100 

No. 5... 

5500 

3500 

iH 



nQ^||[|||||| 

4560 

2950 




2140 

cu. in. 

Avg 


3550 

2020 

1850 

1530 

7175 

4175 

2975 

2455 

2310 

Gage Diameter, D « 0.160 IN. 

Gage Diameter, D 

0.2S2 IN. 


L/D 

0.313 

0.625 

1.56 

3.13 

6.2.*^ 

0.198 

0.397 

0.992 

1.98 

3.97 

Volume, cu. in 

0.001 

0.002 

0.005 

0.01 

0.0. 

0.0025 

0.005 

0.0125 

0.025 

O.OS 


No. 1.. 

3.75 

7.0 

11.75 

23.25 

35.0 

22.25 

20.5 

37.0 

63.5 

105.0 


No. 2... 

5.5 

10.0 

11.0 

24.0 

35.0 

26.0 

26.0 

42.0 

65.0 

116.0 

Total Energy, 

No. 3... 

5.0 

8.0 

13.5 

24.0 

40.0 

22.75 

19.0 

37.5 

59.0 

118.5 

Absorption,'! 

No. 4... 

8.0 

7,0 

11.5 

23.75 

37.0 

23.5 

23.5 

37.5 

61.0 

118.5 

ft-lb. 

No. 5... 

4,75 

7.75 

13.0 

24.25 

44.5 

20.75 

20.5 

39,5 

60.5 

120.0 


Avg — 

5.40 

7.95 

12.15 

23.85 

38.3 

23.05 

21.90 

38,7 

61.8 

115.6 


No. 1,,. 

3750 

3500 

2350 

2325 

1750 

8 900 

4100 

2960 

2540 

2100 

Unit Energy, 
Absorption,, 
ft-lb. per 

No, 2... 

5500 

5000 

2200 

>400 

1750 

10 400 

5200 

3360 

2600 

2320 

No. 3... 

5000 

4000 

2700 

>400 

2000 

9 100 

3800 

3000 

2360 

2370 

. No. 4.. . 

8000 

3500 

2300 

2375 

1850 

9 400 

4700 

3000 

2440 

2370 

No. 5... 

4750 

3875 

2600 

2425 

2225 

8 300 

4100 

3160 

2420 

2400 

cu. in. 









Avg. , . . 

5400 

3975 

2430 

2385 

1915 

9 220 

4380 

3095 

2470 

2310 

Gage Diameter, D = 0.195 in. 






L/D,... 

0.256 

0.513 

1.28 

2.56 

5.1c 






Volume, cu. in.. 

0.0015 

0.003 

0.0075 

0.015 

o.o: 







No.T... 

6.0 

13,25 

20.5 

37.0 

66.75 







No. 2... 

8.0 


20.0 

38.0 

55.25 






Total Energy, 

No. 3... 

6.75 

13.75 

23 ,t) 

35.0 

53.5 






Absorption,! 

No. 4... 

8.0 

12.0 

19,75 

37.25 

53. 2.*^ 






: ft-lb. , 

No. 5... 

8.5 

n.s 

22.0 

33.25 

75.5 







Avg.. . . 

7.45 

12.63 

21.05 

36.10 

60.85 







No. 1... 

4000 

4420 

2740 

2460 

2225 






Unit Energy, 
Absorption,, 
ft-lb, per 
^ cu. in-. '■ 

No. 2... 
No. 3. .. 

5330 

4500 

4580' ‘ 

2680 

3060 

2530 

2340 

1840 

1780 






No. 4. 

5330 

4000 

2640 

2480 

1770 






No. 5.., 

5660 

3830 

2930 

2220 

2520 







Avg. . , . 

4965 

4210 

2810 

2405 

2030 
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studied was the behavior of this material 
when subjected to tensile-impact loading, 
in this regard, the authors were con- 
fronted with the problem of selecting an 
appropriate design for the tension-impact 
specimen which, as far as the authors are 
aware, has not as yet been fully 
standardized. 

In approaching the problem, cogni- 
zance was taken of the work of Mann (4) 
and of the fundamental fact that the 
energy absorbed in rupturing a metal in 
tension impact is a function of the 
volume of metal participating in the 
absorption of energy, which volume is 
determined by the length of the uniform 
section of least diameter. The problem 
was therefore resolved into determining 
the proper relationship between the 
diameter of the least section and its 
length, which would provide for a true 
measure of the tensile-impact resistance 
of the material. 

Materials and Tests 

In December, 1937, the authors com- 
pleted a series of tests (similar to those 
made by Mann (4)) using a specimen of 
the form shown at the top of Table I. 
Numerous combinations of gage diameter 
D and gage length L were tried in an 
effort to learn the effect of the geometry 
of the test section on the tensile-impact 
resistance of a medium steel. The ma- 
terial used for this purpose consisted of 
f-in. round hot-roiled medium steel rivet 
rod conforming to Navy Department 
Specification 43-R-L The tests were 
made at room temperature (70 to 80 F.) 
in a 120 ft-lb. Amsler impact testing 
machine at a striking velocity of 16.5 ft. 
per second corresponding to the maxi- 
mum available kinetic energy of the 
pendulum. It is to be noted that this 
velocity is appreciably below the transi- 
tion velocity, the existence of which was 
well demonstrated by Mann (6). 

When the present problem arose, the 


data obtained in 1937 were brought to 
light and studied for any salient features. 
The results of these tests are given in 
Table I and shown graphically in Fig. 1, 
in which values of unit energy absorption 
(obtained ,by dividing the total energy 
by the volume of 'metal corresponding to 
the length of the least diameter section) 
have been plotted against ratios of Z./D, 
As suggested by Mann (4), this, curve 
indicates the presence of three zones; 
for L/D ratios of less than approxi- 



Ratio, Gage Length To Uiameter{L/p) 

Fig. 1.— Effect of L/D Ratio on Unit Energy 
Absorption Values Obtained in Tension-Impact 
Tests of Medium Steel Rivet Rod, As-Rolled. 

Tests conducted at room temperature. Striking 
velocity, 16.5 ft. per sec. 

mately 2, a zone of energy concentration, 
increasing to very high values with 
decreased L/D ratio; for L/D ratios 
between approximately 2 and 5, a zone 
of nearly constant energy absorption; 
and for larger values of L/Z>, a zone of 
gradual decrease in the unit energy 
absorption. 

The existence of a zone of high energy 
concentration may be explained on the 
basis that specimens with very short 
gage lengths show apparently higher 
tensile strength values because of the 
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Navy Dept. Specification . 


Copper 


47C2 


Naval 

Rolled 

Brass 


46B6 


Nickel- 
Copper Alloy 
(Monel) 


46M7 


Corrosion- 
Resisting 
Steel (18-8) 


46S18 


Aluminum 
Alloy (17S-T) 


46A4 


Bar stock size . 


54[-in. D 


%-m. D 


K-m. t> 


H-in. D 


iK-in. D 


Condition. 


Annealed at 
750 F. 


Annealed at 
1000 F. 


Annealed at 
1500 F. 


Annealed 


Heat treated 


Copper, per cent 

Zinc, per cent. . . . . . . 

Tin, per cent... 

Iron, per cent. ..... . 

Aluminum, per cent. 

Carbon, per cent 

Manganese, per cent. 
Chromium, per cent. 
Nickel, per cent. 


> 99.99 


60.00 

39.19 

0.79 


31.47 


1.19 

0.09 

0.18 

0.60 

'66.32 


0.04 

0.70 

18,46 

8.89 


4.18 


0.75 

Remainder 

oM 

Si~-0.39 
Mg— 0.51 


Proof stress, psi 

Yield point, psi.. 

Tensile strength, psi 

Elongation in 2 in., per cent. , . . . . 
Reduction of area, per cent 


10 500 
32 880 

56.0 

70.1 


Insufficient 
Material for 
Static 
Tension 
Test 


40 000 
42 500 
90 000 
44.5 
72.7 


67 500 


116 380 
37.5 
67.7 


43 130 
65 250 
23.0 
38.5 


Fig. 2. — ^Tension-Impact Specimens of Copper with Various L/D Ratios in the Gage Section. 

TABLE II.— CHEMICAL AND PHYSICAL CHARACTERISTICS OF ADDITIONAL MATERIALS SELECTED 

FOR TENSION-IMPACT TESTS. 
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strengtliening eSect of the shoulders. 
While specimens with very short notch 
lengths are capable of absorbing rela- 
tively large amounts of energy, as indi- 
cated by the unit energy values, it will 
be observed from Table I that the total 
energy values are small because of notch 
effect. The decrease in unit energy for 
L/D ratios greater than approximately 
5 is probably due to the fact that the 
phenomenon of necking is a localized 


TABLE III.— RESULTS OF TENSION-IMPACT TESTS 
OF COPPER, ANNEALED AT 7S0 F. 


Tests conducted at room temperature under a striking 
velocity of 16.5 ft, per sec. 





Total Energy, 
ft-lb. 


Unit Energy, 
ft-lb. per 

cT 

1 1 




Gage 

Vol- 

ume, 

cu. 

in. 



Indi- 




csJ 

d 

'§ 

o 

cd 

d 

1 


vid- 

ual 

Average 

cu. in. 

Indi- 

vidual 

Aver- 

5. 

Vai- 


Values 

age 

:2i 

12; 


ues 





5 

1-.25 

0.25| 

13.5 

15.0 

1 14.25 1 

0.0015 

0.0015 

i 9 000 

10 000 

1 9500 

5 

2.5 

0.5 1 

13.8 

15.0 

} { 

0.0030 

0.0030 

4 600 

5 000 

} 4800 

5 

5.0 

1.0 { 

16.5 

18.0 

J 17.25 1 

0.0060 

0.0060 

2 750 

3 000 

} 2875 

5 

10.0 

2.0 1 

23.5 

23.8 

} 23.65 1 

0.0119 

0.0119 

1 970 

2 000 

1 1985 

5 

15.0 

3.0 1 

31.0 

31.3 

} 31.15 1 

0.0179 

0.0179 

1 730 
1750 

} 1740 

•5 ; 

20.0 

4.0 1 

40.0 

40.0 

1 40.0 1 

0.0238 

0.0238 

1 680 

1 680 

1 1680 

5 

25.0 

5.0 1 

46.3 

48.0 

} 47.15 

0.0299 

0.0298 

1 550 

1 610 

1 1580 

s . 

30.0 : 

6.0 

56.5 

56,5 

G.0356 

1 590 

1590 

5 

35.0 1 

7.0 { 

59.3 

66.0 

} 62.65 { 

0.0418 

0.0421 

1 420 
1570 

1 1495 

S 

40.0 

8.0 

66.3 


0.0477 

1 390 

1390 

5 

45.0 

9.0 { 

67.5 

81.0 

} 74.5 { 

0.0537 

0.0532 

1 260 

1 520 

1 1390 

5 

50.0 

10.0 1 

78.0 

79.0 

} 78.5 { 

0.0602 

0.0600 

1 300 
1320 

1 1310 


effect; for specimens of long gage length, 
the entire length (or volume) of the gage 
section does not fully participate in the 
absorption of energy since the ends of the 
gage section do not undergo much 
deformation. 

It was considered desirable to confirm 


were selected. The copper, Naval rolled 
brass, and nickel-copper alloy were first 
homogenized by suitable annealing treat- 
ments. The corrosion-resisting steel and 
the aluminum alloy, as drawn from 
stock, were in the annealed and heat- 

TABLE IV.—RESULTS OF TENSION-IMPACT TESTS 
OF NAVAL ROLLED BRASS, ANNEALED AT 
1000 F . 

Tests conducted at room temperature under a striking 
velocity of 16.5 ft. per sec. 


Nominal 
n, mm. 

Nomi- 
nal L, 
mm. 

L/z? : 

Gage 
Volume, 
cu. in. 

Total 

Energy, 

ft-lb. 

Unit , 
Energy, 
ft-lb. per 
cu. in. 

5 

1.25 

0,25 ' 

0.0015 

8.0 

5330 

S 

2.5 

0.5 

0.003 

10.0 

3330 

5 

S.O 

1 

0.006 

17.5 

2920 

5 ! 

10.0 

2 

0.012 

27.0 

2250 

■ ■ 5 

15.0 

3 

0.018 

40.5. 

2250 

S 

20.0 

4 

0.024 

SO.O 

2080 

.5 

25.0 

5 

0.030 

65.0 

2170 

.5 

37.5 

7.5 

0.04S 

87.0 

1930 

.5 

SO.O 

10 

0.060 

117.5 

1960 


'TABLE V.— RESULTS OF TENSION-IMPACT TESTS 
OF NICKEL-COPPER ALLOY (MONEL), 
ANNEALED AT 1500 F. 

'Tests conducted at room temperature under a striking 
velocity of 16.5' ft. per sec. 


mm. 

mm. 


Total Energy, 
ft-lb. 

Gage 

Unit Energy, 
ft-lb. per 
cu. in. 






Vol- 













Indi- 


ume, 






vid- 


cu. in. 

Indi- 



o 

r"? 

uai 

Average 


vidual 

Average 

a 

o \ 

Val- 


Values 

‘12: 



ues 





5 

1.25 

0.25| 

17.3 

18.5 

1 17,9 1 

0.0015 

0.0015 

11 530 

12 330 

kl 930 

5 

2.5 

0.5 1 

21.5 

22.0 

1 21.75 1 

0.0030 

0.0030 

7 170 

1 7 330 

1 7 250 

.'5 

5,0 

1.0 1 

29.0 

29.3 

J 29.15 { 

0.0060 

0.0059 

4 830 

4 970 

1 4 900 

S 

7.5 

1.5 

37.5 

37.5 

0.0091 

4 120 

4 120 

5 

10.0 

2.0 1 

47.5 

47.5 

}47.5 { 

0.0119 

0.0119 

3 990 

3 990 

1 3 990 

5 

12. S 

2.5 

58.5 

58.5 

0.0153 

3 820 

3 820 

5 

15.0 

3.0 { 

61.5 

69.0 

\ 65.3 ( 

0.0178 

0.0180 

3 460 

3 830 

1 3 645 

5 

17.5 

3.5 

77.5 

77.5 

0.0207 

3 740 

3 740 

5 

20.0 : 

4.0 1 

85.5 

87.5 

} 86.5 { 

0.0236 
0.0239 1 

3 620 

3 660 

1 3 640 

■5 

22.5 


99.8 

99.8 

0.0269 ^ 

3 710 

'3 710 

>5 

25.0 

S.O { 

106.3 

108.5 

k07.4 1 

0.0296 

0.0300 

3 590 

3 620 

} 3 60S 

5. 

27.5 ; 

5.5 

116,3 

/ll6.3 

0.0329 

3 540 

^ 3 540 


treated conditions, respectively. Speci- 
mens of the form and dimensions shown 


the results obtained on medium steel by 
conducting a series of similar tests bn 
other common metals. For this pur- 
pose, the materials described in Table II 


in the sketch at the top of Table I were 
prepared with various X/D ratios from 
(each of these materials. A typical set of 
machined specimens is illustrated in 
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Fig. 2. The results of ■ tension-impact 
tests have been tabulated in Tables III 
to VII inclusive and plotted in Figs. 3 
to .7 inclusive, respectively. A graphical 
summary of the results' is shown in Figs. 
8 and 9. Figure 10 represents a photo- 

TABLE VI.— RESULTS OF TEN SIONUMP ACT TESTS 
OF ANNEALED CORROSION-RESISTING STEEL 
(iS-S). 

Tests condticted at room temperature under a striking 
velocity of 16.5 ft. per sec. 


6 

i 


Total Energy, 
ft-lb. 


Unit Energy, 
ft-lb. per 
cu, in. 

6 

s 




Gage 



Q 



Indi- 


Volume, 



.S 

.3 


vid- 

ua! 

Average 

cu. in. 

Indi- 

vidual 

Aver- 

B 

o 

Q 

o 

C) 

Val- 


Values 

age 

:z: 

Z 


ues 





. 5 

1.25 

0.25 

13.5 

13.5 

O.OOlS 

9000 

9000 

5 

2.5 

0.5 

19.0 

19.0 

0.0030 

^ 6330 

6330 

5 

5.0 

1.0 

31.0 

31.0 

0.0058 

5350 

■5350 

5 

7.5 

i.s 1 

41.0 

43.0 

} { 

0.0090 

0.0091 

4560 

4730 

}4645 

5 

10.0 

2.0 1 

53.3 

53.5 

1 53.4 { 

0.0118 

0.0120 

: 4520 
4460 

14490' 

5 

12.5 

2.5 1 

63.0 

63.0 

1 63.0 { 

0.0152 

0.0149 

; 4140 
4230 

UlSS 

5 

15.0 

5.0 

76.5 

76.5 

0.0180 

4250 

4250 

5 

17.5 

3.5 

88.0 

88,0 

0.0209 

4210 

4210 

5 

20,0 

4.0 

101.5 

101.5 

0.0242 

4190 

4190 

5 

22.5 

4.5 { 

110.5 

120.0 

i 

jiis'a 1 

0.0270 

0.0272 

4090 

4410 

|4250) 



Ratio, Gage Length to Diameter, L/D 


Fig. 3. — Effect of L/D Ratio on Unit Energy Absorption 
Values Obtained in Tension-Impact Tests of 
Copper, Annealed at 750 F. 

Tests conducted at room temperature. Striking velocity 16. S ft 
per sec. 


Nominal Length of Gage Section, mm. 


TABLE VII.— RESULTS OF TENSION-IMPACT 
TESTS OF HEAT-TREATED ALUMINUM 
ALLOY C17S-T). 

Tests conducted at room temperature under a striking 
velocity of 16.5 ft. per sec. 


Nominal 
n, mm. 

Nomi- 
nal L, 
mm. 

L/D 

Total 

Energy, 

ft.-lb. 

Gage 
Vplume, 
cu. in. 

Unit 
Energy, 
ft-ib, per 
cu. in. 

7 

1.75 

0.25 

14.0 

0.0040 

3500 

7 

3.5 

0.50 

14.0 i 

0.0083 

1690 

7 

7.0 

1.0 

27.5 i 

0.0163 

1690 

7 

10.5 

1.5 

37.5 

0.0247 

1520 

7 

u.o 

2.0 

46.0 

0.0325 

1420 

7 

■0.5 

2.5 

56.0 

0.0412 

1360 

7 

21.0 

3.0 

65.5 

0.0494 

1330 

7 

28,0 

4.0 

82.5 

0 0658 

1250 

7 

35.0 

5.0 

102.8 

0.0821 

1250 


■graph; ; of ■ the raptured Naval brass 
specimens. 

It is to be noted that the unit energy 
absorption curves indicated in Figs. 3 to 
7 inclusive are essentially of the same 
form as that shown in. Fig. !• and that the 
zone of constant unit energy absorption 
generally begins at an 1/D ratio of 
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Ratio, Gage Length to Diameter, L/D 

Fio. 4. Effect of L/ D Ratio on Unit Energy Absorption 
Values Obtained in Tension-Impact Tests of Naval 
Rolled Brass, Annealed at 1000 F. 

Tests conducted at room temperature. Striking velocity. 16.5 ft. 
per sec. , , ; ■ 
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Fig, 5,— “Effect of L/D Ratio on Unit Energy 
Absorption Values Obtained in Tension- 
Impact Tests of Nickel-Copper Alloy 
(Monel), Annealed at 1500 F. 

Tests conducted at room temperature. Striking veloc- 
ity, 16.S ft. per sec. 
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Fig. 7.-“*Effect of L/D Ratio on Unit Energy 
Absorption Values Obtained in Tension- 
Impact Tests of 17S-T Aluminum 
Alloy, Heat-Treated. 

Tests conducted at room temperature. Striking veloc- 
ity, 16.5 ft. per sec. 
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Fig. 6. — Effect of L/D Ratio on Unit Energy 
Absorption Values Obtained in Tension- 
Impact, Tests of , Corrosion-Resisting 
- ; Steel (18-8), Annealed. 
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Fig. 8.~“Effect of Ratio on Total Energy 
Absorption Values Obtained in 
, Tension Impact. 

Tests conducted at room' temperature. Striking veloc- 
ity, 16.5 ft. per sec. 
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approximately 2| to 3 and extends to an 
L/D ratio of approximately 5 to 5|. It 
is to be further noted that the total 
energy curves are substantially straight 
lines in this region. In the case of 
nickel-copper . alloy, corrosion-resisting 
steel, and the aluminum alloy, it was not 
possible to test specimens with L/D 
ratios larger than those indicated because 
of the limited capacity of the testing 
machine used (120 ft-lb.). 

The relative tensile impact resistance 
of the various materials may be compared 
by the relative slopes of the straight 
portions of the total energy curves (for 
s^pecimens of the same diameter) indi- 
cated in Fig. 8, that is, the steeper the 
slope, the greater is the tensile impact 
resistance of the material. The height 
of the horizontal portion (say between 
L/D of 3 to 5) of the unit energ>*‘ absorp- 
tion curves shown in Fig. 9 may also be 
used to compare relative tensile impact 
resistance, 

Mann (4) plotted energy per unit vol- 
ume against the notch length L which 
yields a curve of the same general shape 
as those shown in Fig. 9, since, for a given 
diameter, the L/D ratio is directly pro- 
portional to the notch length. Mannas 
curve reveals the presence of three 
distinct zones (as was substantiated by 
the authors): for notch lengths of less 
than approximately 0.15 in. a zone of 
energy concentration increasing to ex- 
tremely high values as the notch length 
is decreased; for notch lengths between 
approximately 0.15 and 0.60 to 0.80 in., a 
zone of constant unit energy absorption; 
and for longer notch lengths, a zone of 
gradual decrease in energy values. Mann 
used specimen diameters of 0.252, 0.357, 
and 0.437 in. For a notch length of 
0.15 in., the corresponding L/D ratios 
would be 0.60, 0.42, and 0.34, respec- 
tively; and for a notch length of 0.80 in., 
the corresponding L/D ratios would be 
3,18, 2.24, and 1.83, respectively. In 


this respect, the authors’ results do not 
agree with those of Mann (4), since it was 
found (Fig. 9) that specimens with L/D 
ratios of less than approximately 2 
yielded energy values falling in the zone 
of energy concentration. Mann appar- 
ently indicates that the three zones are 
defined by notch length alone, regardless 
of the diameter, but the authors’ work 
does not bear this out, as may be seen 
by reference to Table I. The L/D ratio 
fully defines the geometry of the section 
under test whereas the length of the 
notch L only defines one dimension. 

It appeared to the authors that a 
specimen with an L/D ratio of 4, which 
falls in the zone of constant unit energy 
absorption, would be suitable for use in 
connection with the contemplated work 
on the medium steel ship plate. The 
selection of an L/D ratio of 4 has the 
added advantage that the percentage of 
elongation obtained in tension impact 
may be compared to that obtained on 
standard 0.505-in. diameter by 2-in. 
gage tension specimens, in which the 
L/D ratio is also equal to 4. 

Having decided on an L/D ratio of 4, 
the next step was to select specific values 
of D and L. In the case of the plate 
material under investigation, it was felt 
that D should be made as large as possi- 
ble in order to provide for a test section 
which is fully representative of the plate 
thickness of approximately | in. It was 
tentatively proposed to prepare speci- 
mens with D = 10 mm. (0.394 in.) and 
L = 40 mm. (1.576 in.) for test in an 
1800 ft-lb. Amsler impact testing ma- 
chine at a striking velocity of 27.8 ft. 
per second corresponding to the maxi- 
mum available kinetic energy of the 
pendulum, which velocity is well below 
the transition velocity (6). In view of 
the fact that testing machines of this 
capacity are not in common use, it was 
considered desirable also to prepare 
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smaller specimens, geometrically similar 
to the 10 by 40-'mm. specimen, for test 
in the 120 ft4b. Arnsier machine. A 


TABLE Vni.-TENSION IMPACT SPECIMENS AND 
RESULTS OF TESTS ON H-IN. MEDIUM STEEL 
PLATE, AS-ROLLED. TESTS MADE AT ROOM 
TEMPERATURE. 


>.S 

o • 
WJ fl 

■ kJ, O 

o 




.2 ft 
y oT 


0.472" 



1800 Ft-Lb. Amsieu Impact Testing Machine; Striking 
VeLOCITV, 27.8 FT, PER SEC. 


10 

so 

5 

0.24 1 

10 

600 

2500 ' 

38.0 

65.3 

10 ; 

50 

5 ' 

0.24 I 

10 

618 

2570 

40.0 

65.0 





Avg. 

609 

2535 

39.0 

65.2 

10 

40 

4 

0.192 

8 

480 

2500 

38.1 

64.5 

10 

40 

4 

0.192 

8 

490 

2550 

39.4 

66.4 


! 



Avg. 

485 

2525 

38.8 

65.5 



120 FT-LB. Amsler Impact Testing Machine; Striking 
Velocity, 16.5 ft. per sec. 


6 i 
6 

30 

30 

5 

5 

0.0518 

0.0518 

2.16 i 
2.16 : 

No break 
No break^ 




6 

24 

4 

0.0 US 

1.73 

105.0 

2530 

36.4 

63.8 

6 

24" 1 

4 i 

O.OU5 

1.73 

104.5 

2520 

35.4 

62.0 




i 

Avg. 

104.8 

2525 

35.9 

62.9 

■ 5 

20 

4 

0.024 

1.00 

' 59.0 

2460 

35.0 

' 63.0 

5 

20 

4 

|0.024 

t.oo 

! 62.5 

2600 

38.8 

i 64.1 





Avg. 

60.8 

2530 

36.9 

63.6 


“ Ratio of gage volume to that of 5 by 20-mm. specimen. 
° Per cent elongation in the respective gage length. 
T Using the volume ratio, it is estimated that these 
specimens would have required approximately 2.16 x 
60.8 =131.5 ft-lb. which is beyond the available capacity 

nf 1 ft-lh ' 


specimen with a gage diameter D of 5 
mm. (0.197 in.) and a gage length X 
of 20 mm. (0,788 in.) (X/D = 4) was 


■ selected for this purpose. It is realized 
that the smaller specimen may not be 
fully adequate since the gage diameter 
is not representative of the J-in. plate 
thickness. However, it was felt that a 
specification requirement (if such be 
found feasible) should not be based on a 
specimen size which is not capable of 
being universally tested. The results of 
tests on specimens of both sizes, when 
completed, will serve to indicate whe ther 
variations in the homogeneity of the 
plate material permit any satisfactory 
correlation between specimens of ap- 
preciably different sizes. If such correla- 
tion exists, the incorporation of a 
specification requirement can be based 
on a specimen size which the average 
laboratory is in a position to test. 

In order to determine whether speci- 
mens of the above sizes could be ruptured 
within the available capacities of the 
testing machines, specimens of both sizes 
were prepared from |-in. medium steel 
plate (as-rolled) and. tested with results 
as indicated in Table VIII. Results of 
tests on specimens with X/D ratios of 5 
have also been included for comparison 
purposes. The gage volume of the 
smallest specimen (5 by 20 mm.) was 
arbitrarily called unity and the gage 
volumes of all other specimens have been 
compared to this by a suitable ratio. It 
is to be noted that good correlation is 
shown between the results obtained on 
the small and large specimens. For 
example, the 10 by 40-mm. specimen 
took an average of 485 ft-lb. which is 
nearly equal to 8 times that required to 
rupture the 5 by 20 mm. specimen 
(60.8 ft-lb.). Similarly, the 10 by 50- 
mm. specimen has a gage volume 10 
times that of the 5 by 20-mm. specimen, 
and would therefore be expected to break 
at approximately 608 ft-lb.; the actual 
average value obtained was 609 ft-lb. 
Furthermore,, when reduced to a common 
denominator, it is to be noted that, 
regardless' of size, all specimens showed 
unit energy absorption, values wMch^ 
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agree closely from one specimen to the 
next. These tests, ■ of course,' have all 
been based on a specimen design which 
lies in the zone of constant unit energy 
absorption. 

To investigate further the effect of size, 
a series of specimens of the, form shown 
at the top of Table VIII was prepared 
from the nickel-copper alloy (monel) 


TABLE IX.--RESULTS OF TENSION-IMPACT TESTS 
OF NICKEL-COPPER ALLOY (MONEL), 
ANNEALED AT 1500 F. 


Tests conducted at room temperature on specimens of the 
form shown in sketch at top of Table VIII, Striking 
velocity, 27.8 ft. per sec. 


Nominal 
■D, in. 

Nomi- 
nal L, 
in. 

LjD 

Total 

Energy, 

ft-lo. 

Gage 
Volume, 
cu. in. 

Unit 
Energy, 
ft-lb. per 
cu. in. 

0.300 

0.075 

0.25 

1 60 

O.OQ54 

11 100 

0.300 

0.150 

0.5 

75 

0.0107 

7 010 

0.300 

0.215 

0.75 

BO 

0.0153 

5 233 

0.300 

0.30 

1.0 

90 

0.0212 

4 250 

0.300 

0.45 

1.5 

130 

0.0321 

4 050 

0.300 

0.60 

2.0 

180 

0.0431 

4 180 

0..300 

0.75 

2.5 

210 

0.0534 

3 9.50 

0.300 

0,90 

3.0 

245 

0.0641 

3 820 

0.301) 

l.OS 

3.5 

270 

0.0746 

3 620 

0.300 

1,20 

4.0 

320 

o’. 0850 

3 770 

0.300 

1.35 

4.5 

355 

0.0958 

3 710 

0.300 

1.50 

S.O 

405 

0.1060 

3 820 

0.300 

1.65 

5. 5 

420 

0.1164 

3 610 

0.300 

1.80 

6.0 

4-55 

0.1276 

3 570 

0.300 

1.95 

6.5 

500 

0.1377 

3 630 

0.300 

2.10 

7.0' 

540 

0.1489 

3 630 


Stock, with a gage diameter of 0.300 in. 
and various L/D ratios. These speci- 
mens were tested at room temperature in 
the 1800 ft-lb. Amsler machine, the 
results of which are given in Table IX. 
A comparison of the figures obtained on 


TABLE X.— COMPARATIVE RESULTS OF TENSION- 
IMPACT TESTS (3F LARGE AND SMALL SIZE 
SPECIMENS OF NICKEL-COPPER ALLOY 
(MONEL) ANNEALED AT 1500 F. 

Tests conducted at room temperature. 


LJD 

Gage Volume, 
cu. in. 

i 

Volume Ratio® 

Total Energy, 
ft-lb. 

Unit Energy, 
ft-lb. per 
cu. in. 

5-mm. Diameter 
(0.197 in.) 

0.300 in. Diam- 
eter 

5-mm. Diameter 
(0.197 in.) 

0.300 in. 
Diam- 
eter 

S-mm. Diameter 
(0.197 in.) 

0.300 in. Diam- 
eter 

Actual 

Calcu- 

lated 

0.25 

0.0015 

0.0054 

3.60 

17.9 

60 

f 

54.4 

I ■ 

II 930 

11 100 

0.5 

0.003U 

0,0107 

3.57 

21.75 

75 

77.6 

7 2.50 

7 OIQ 

1.0 

0.0359 

0.0212 

3.59 

29.15 

90 

104.6 

4 900 

4 250 

1.5 

0.0091 

0.0321 

3.53 

■37.5 

130 

132.4 

4 120 

4 050 

2.0 

0.0119 

0.0431 

3.62 

47.5 

180 

172.0 

3 990 

4 180 

2.5 

0.0153 

0.0534 

3.49 

58.5 

210 

204.2 

3 820 

3 930 

3.0 

0.0179 

0.0611 

3.58 

65.3 

245 

233.8 

3 645 

3 820 

3.S 

0.0207 

0.0746 

3.60 

77.5 

270 

279.0 

3 740 

3 620 

4.0 

0.0238 

0.08.50 

3.57 

86.5 

320 

308,8 

3 640 

3 770 

4.5 

0.0269 

0.0958 

3.56 

99.8 

355^ 

3SS.3 

3 710 

3 710 

5.0 

0.0298 

0.1060 

3. 56 

107.4 

405 

382.3 

3 60S 

3 820 

5.5 

0.0329 

0.1164 

3.54 

116.3 

w 

O 

411.7 

3' 540 

3610 


« Ratio of gage volume of 0.300-m. diameter specimen 
to gage volume of S-mm‘. (0.197-m.) diameter specimen. 
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Fig. 11. “Effect of L/D Ratio on Energy Absorption Values Obtained in Tension-Impact Tests of 
Nickel-Copper Alloy (Monel), Annealed at 1500 Fv 

Tests conducted at room temperature. Striking velocity, 27.8 ft. per sec. for G.300-m, diameter 
specimens and 16.5 ft. per sec. for 5-jmn (0.197 in.) diameter specimens. 
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the large and small size specimens of this 
material has been made in Table X. 
The calculated total energy values for 
the 0.300-m diameter specimens were 
obtained by multiplying the values for 
the S-mm. diameter specimens by the 
volume ratio. It is to be noted that good 
correlation (within the limits of experi- 
mental error) is shown between the 
calculated and the actual total energy 
values, particularly in the zone of approx- 
imately constant unit energy absorption. 
The unit energy absorption values also 
show close agreement in this zone. In 
Fig. 11, where the results of tests on 
specimens of both sizes have been 
plotted, it is to be observed that points 
representing the unit energy values lie 
close to a common unit energy absorp- 
tion curve. 

Conclusions 

To evaluate properly the dynamic 
properties of metals in tension impact, 
as determined by tests conducted in a 
conventional pendulum type impact test- 
ing machine, and in order to express the 
results on a common basis, the following 
factors should be observed : 


(u) The gage section of the test speci- 
men should be proportioned with an 
L/D ratio of between 3 and 5, preferably 
4. In this connection, the diameter of 
the gage section should not be made too 
large in proportion to the diameter of 
the shoulders in order to avoid plastic 
deformation of the shoulders. 

(6) The results of tests should be 
expressed in terms of unit energy absorp- 
tion, that is, the number of foot-pounds 
of energy absorbed per cubic inch of 
metal contained in the gage section. 
The use of this unit permits comparison 
of tests made on specimens of appreciably 
different size and also eliminates dis- 
crepancies resulting from dimensional 
variations in machining specimens of the 
same nominal gage diameter and length. 
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DISCUSSION 


Mr. T. J, Dolan^ {presented in written 
form ). — The authors are to be congratu- 
lated for presenting some very interesting 
and rather extensive data and for their 
emphasis of the need for standardization 
of a tension-impact test specimen. 
The wide variety of impact test data 
reported by various investigators makes 
it difficult if not impossible to interpret 
or correlate the results in terms of basic 
characteristics of the materials involved. 

The writer would like to comment 
further on some of the factors mentioned 
on page 1183 of the paper, as influencing 
the unit energy absorption as the L/D 
ratio is increased. If one visualizes the 
energy absorbed by each small element 
of the specimen to be approximated by 
the area under a true stress-strain dia- 



gram for the element up to the strain it 
receives during rupture of the specimen, 
an approximate energy distribution 
diagram might be plotted as shown in 
the accompanying Fig. 13(^^). Due to 
necking of the specimen, smaller areas 
of metal are associated with the higher 
rates of energy absorption near the 
fracture than the areas of the zones of 
restricted energy absorption near the 
ends. For rough comparative purposes 
it is therefore more convenient to 
visualize the original specimen as divided 
into three different zones as shown in 
Fig. 13(d). The relative averages of 
energy absorbed per unit volume in each 
zone (and based on the full diameter D) 
might then be represented by some 
approximate numerical values JSi, £ 2 , 
£3. 

Based on this concept, the energy 
absorbed in fracturing the complete 
specimen would be: 

Total Energy 

= [El Xi 4 - £21-2 + £.3X3]— ..( 1 ) 
4 


and, dividing by 


* 

4 ' 


The Average Energy per Unit Volume 


EiLi + E,Lz , E2X2 ,,, 


and 
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The total gage length, X = Xi + X 2 + £ 3 . • (3) 


1191 





1192 


Discussion on Geometo'S' oe Tension-Imeact Specimen 


In general, the effective lengths Li 
and X 3 are probably functions of the 
kind of material and temperature of 
testing. The length X 2 (of fairly uni- 
form elongation) is nonexistent for short 
gage lengths but will increase as the 
specimen is lengthened beyond the 
value for which £ = Tx + £ 3 . Thus the 
energy per unit volume obtained in a 
tension-impact test is a weighted average 
of these actions occurring in portions 
of the specimens whose lengths are 
functions of specimen size, temperature, 
and type of material 
As the length of specimen is greatly 
increased (beyond that at which inter- 
ference between zones 1 and 3 occurs) 
the total contributions of zones 1 and 3 
probably do not change materially, 
and for long specimens the total energy 
absorbed tends to approach more and 
more closely that contributed by the 
large volume of material in zone 2 . 
In tension-impact tests of a cold-rolled 
steel by Clark^ the full reduction of area 
occurred only for specimens with £ = 
W or greater, but no appreciable change 
was noted in reduction of area in longer 
specimens. This might be interpreted 
as indicating that interference of zones 
1 and 3 decreased the reduction of area 
in very short specimens, but that varia- 
tions in the length of zone 2 introduced 
by testing specimens longer than £ = 
2D did not cause material alterations 
in the maximum strains developed in 
zone 3. For other metals the gage 
length at which this transition occurs 
(and a zone 2 is introduced) might be 
somewhat different depending on the 
elongation and reduction of area charac- 
teristics of the metal 
If the unit energy value E% is approxi- 
mately equal to the average energy per 


2 D . S. Clark, “The Influence of Impact Velocity on the 
Tensile Characteristics of Some Aircraft Metals and Al- 
loys, Nat. Advisory Comm.Aeronautics, Tech. Note No. 
868, October, 1942. 


unit volume of the combined zones 1 and 
2 , changes of the gage length should 
lead to test' data (of the -type shown in 
the authors^ Fig. 6 ) having a horizontal 
tangent indicating constant energy ab- 
sorption, per unit volume as the ratio 
L/D is increased to very large values. 
On 'the other hand, if E%is less than the 
average in zones 1 and 3, the test data 
would indicate a curve of gradually de- 
creasing curvature with no ’ horizontal 
portion as L/D is increased, but tending 
to approach a horizontal asymptote for 
very long gage lengths. This appears 
to be the case in the majority of the 
authors^ curves (such as Figs. 1, 3, and 
4). 

Based on these considerations it does 
not seem reasonable to suspect an 
abrupt falling off of energy absorption as 
the gage length is increased beyond eight 
or ten diameters, nor in general may 
we presume that all materials would 
exhibit a constant energy absorption for 
specimens with L/D ratios of 3 to 5. 
It is suggested that the one set of low 
values of energy absorption shown for 
£/D = 9 in the authors’ Fig. 1 might be 
attributable to fortuitous conditions 
during the test. In general, less drop 
in energy absorption per unit volume 
should be expected as the L/D ratio 
is increased from 8 to 10 or larger, than 
the drop in energy absorption as the 
L/D ratio is increased from 3 to 5 (the 
latter being the range of gage length 
recommended by the authors). 

The writer has in various groups of 
tests used specimens identical in design 
with an L/D ratio of 10 in the hopes of 
minimizing some of the variables present. 
A gage length of such a value is of 
advantage in averaging more material 
when one is restricted to a small diameter 
specimen by the limited capacity of the 
testing machine. However, as indicated 
above, the energy to rupture a long 
specimen is predominantly - that required 
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to cause the large amount of uniform 
elongation, whereas 'ior relatively short 
specimens the energy measured is mainly 
that developed in the concentrated zone 
of necking. Hence it is’ theoretically 
possible; that for specimens with LjD = 

3 a metal A (which necks down' appreci- 
ably)' might have a higher tensile impact 
resistance per unit volume than metal B, 
while for specimens with L/D = 10, 
metal B may show 'higher unit energy 
absorption due to its greater tendency 
for uniform elongation. This is perhaps 
air the more reason for standardization 
of tension-impact specimens for com- 
parative purposes. 

The first question to consider, how- 
ever, in standardizing on a tension- 
impact specimen is: whal property of the 
material do we wish to emphasize or 
evaluate? If the quality we are inter- 
ested in is associated with the ability of 
the metal to absorb energy locally in 
regions of stress concentration, this 
property might best be measured by the 
energy values obtained from short gage 
length specimens, and the energy ab- 
sorbed in necking may predominate. 
On the other hand, if it is important 
to evaluate the ability of the metal to 
absorb energy in larger areas of a member 
subjected to fairly constant stress, a 
long gage length specimen is probably 
more representative in _ exhibiting the 
property desired. Under the embrittling 
■conditions, encountered in certain tests 
at low temperatures (for which the 
reduction of area becomes small or neg- 
ligible), a relatively long specimen would 
be of advantage in attempting to measure 
the small differences of energy absorp- 
tion of various metals that might be due 
to the small general elongation, whereas 
a short specimen would accentuate 
mainly the energy required to ‘produce 
a brittle fracture in a region of stress 
concentration and not accompanied by 


appreciable general yielding. Perhaps 
what is needed is to standardize on two 
types of tension-impact specimen for the 
evaluation of two slightly different 
‘properties of the material. 

In several groups of tests, the writer 
has found that the unit energy absorp- 
tion in a tension-impact test was appreci- 
ably greater than the toughness of the 
metal as measured by the area under a 
static stress-strain diagram. We have 
attributed this difference mainly to 
energy loss on collision of the striking 
faces and to energy loss by transference 
to ground through the impact machine. 
The tests of Clark referred to above also 
seem to indicate this same tendency 
toward greater energy absorption in an 
impact test than that of a static test. 
It would be interesting to know whether 
the authors have also obtained higher 
values from tension-impact tests than 
the toughness as measured from static 
tension test data. 

Mr. Comfort A. ADAMS.®~What is 
the speed of impact? 

Mr. E. a. Imbembo (author). —The 
striking velocity in the case of the small- 
size specimens was 16| ft. per sec. On 
the larger specimens, which were broken 
in the 1800 ft-lb. Amsler testing machine, 
the striking velocity was 27.8 ft. per 
second, so that the striking velocity for 
the large and small-size specimens was 
not the same. Nevertheless, we feel 
that over that range of striking velocity, 
the energy absorption values would not 
be materially different, since these veloc- 
ities are considerably below the critical 
velocities for the materials tested. 

Mr. G. a. Olsen.^ — I was very much 
interested in what Mr. Imbembo had to 
say concerning the impact tension speci- 
men. As to distinguishing among vari- 


* Consulting Engineer, The Budd Co., Philadelphia, Pa. 
4 Bakelite Cor p., Bloomfield, N. J. 
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ous metals, that might be a very good 
thing. I was wondering, however, just 
how close the foot pound per cubic inch 
energy value would be to the ideal value. 
In other words, how close would it be to 
the maximum value that every cubic 
inch might possibly take? 

Mr. Imbembo. — I think Mr. Dolan 
has attempted to integrate the distribu- 
tion of energy along the length of the 
specimen to divide it up into three 
zones. It is perfectly true that each 
increment of the specimen gage section 
does not absorb the same amount of 
energy because the deformation of the 
material varies from the necked-down 
portion to the end of the gage section. 

What we have given here is an inte- 
grated value of the energy absorption 
throughout the gage length of the speci- 
men. >I do not know whether that 
answers what you have in mind. Per- 
haps I do not understand the question 
properly. 

Mr. Olsen.-— The striking edge, or 
whatever the hammer is, is stressed at 
the time of impact and undoubtedly 
the energy which went into stressing 
it, is a portion of the total energy. The 
shoulder itself was stressed, a certain 
amount of energy going into that. 
What per cent of the total energy do 
you suppose went into the specimen? 

Mr. Imbembo. — There is a certain 
amount of energy included in the actual 
energy value that is read on the scale 
of the machine which is taken up within 
the machine itself. Throwing off the 
broken portion of the specimen, for 
example, also involves an energy absorp- 
tion, for which we have not made any 
correction, since it is a quantity difl&cult 
to evaluate, at any rate, this quantity is 
small in comparison to the total energy 
absorption. 

Mr. N. A. {author). — I want 

to add a remark in connection with the 


discussion by Mr. Olsen. I have ob- 
served in notched-bar, cantilever-type, 
impact tests on plastics ' that energy 
values as low as 1 ft-lb. are occasionally 
obtained. When the discarded portion 
is replaced over the portion remaining 
in the machine and the pendulum swung 
a second time from the original position, 
the scale would indicate as much as 
I ft-lb. as the energy absorbed in 
simply throwing out the fractured por- 
tion into the air. In connection with 
steel test specimens, fortunately, we are 
not confronted with this difficulty. 



Fig. 14.-— Effect of Diameter on Unit Energy 
Absorption Values in Tension-Impact Tests 
of Medium Steel Rivet Rod. 


Mr. P. G. Jones® {by letter ). — ^The 
authors have presented some very inter- 
esting results of their study of the 
geometry of the impact test specimen. 
Since it is sometimes necessary to 
compare results on specimens of different 
sizes because of the requirements of the 
testing machine or because of size of 
stock, the writer is in agreement with 
the authors that there is need for a 
method of correlating these results. 

In order to express the energy results 
on a common basis of energy per unit 

6 Assistant Professor in Theoretical and Applied 
Mechanics, Uni veisity of Illinois, Urbana, 111. 
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volume, the authors propose specifying 
a limit to the ratio of L/D of between 
3 and 5. On the basis of the data pre- 
sented in the paper, it would appear that 
this criterion would be satisfactory. 
However, the writer questions the con- 
stancy of energy per unit volume for a 
constant, ratio of L/I) if extreme values 
oi L and D are used. The authors’ 
data on the medium steel rivet rod is 
shown in Fig. 14 of this discussion in 
which the energy absorbed per unit 
volume is plotted against the diameter 
of the specimen for specimens having 
constant length. From these curves 
and from curves of unit energy plotted 
against L for specimens of constant 
diameter (not presented with this dis- 
cussion), one may obtain simultaneous 
values of L and D which would give 
constant energy absorption. For exam- 
ple, in order for a specimen to absorb 
2000 ft-lb. per cubic inch of energy it 
may be seen from the curves that if the 
length is 0.25 in., the diameter should 
be about 0.105 in.; for a length of 0,50 
in., the diameter should be about 0.125 
in.; and for a length of 1.0 in., the 
diameter should be about 0.175 in. 
These data have been obtained for 
several values of energy and the results 
are shown in the accompanying Fig. 15 
in which L is plotted against D. One 
would expect the constant energy curves 
to pass through the origin. However, 
this is not the case, thus indicating that 
a constant value of L/D will not neces- 
sarily give a constant value of energy 
per unit volume. 

The authors’ data given in Table VIII 
for |-in. medium steel plate seem to 
refute this argument. However, it 
should be noticed that portions of some 
of the curves shown in Fig. 15 when 
extrapolated will very nearly pass 
through the origin. In other words, 
the ratio of L/D may be satisfactory 
provided the variation in L and in D 


is not too great. For that matter a 
constant length could be specified with 
limits placed on the diameter or a 
constant diameter could be specified 
with limits placed on the length and one 
would expect the energy per unit volume 

to check very closely, A ratio of ^ 

or a ratio of length to area might be a 
better quantity to specify than the 
ratio of L/D, It will be observed that 
if in Fig. 15 of this discussion the length 
were plotted against instead of D 
the curves would more nearly pass 
through the origin. 



Fig . 15. — Relation Between Length and Diameter 
of Tension-Impact Specimens to Give Con- 
stant Energy Absorption. 


The authors point out that specimens 
with very short notch lengths are capable 
of absorbing relatively large amounts 
of energy as indicated by the unit energy 
values in Table I, but that the total 
energy values are small because of notch 
effect. It might be added here that the 
high stress concentration at the root of 
the notch and the triaxial state of stress 
which accompanies, a short notch length 
may cause extremely low energy per 
unit volume in addition^ to low total 
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energy values when' the tests are made 
at low temperature or at very high 
rates of strain. . 

Messrs. A. Kahn and E. A. 
Imbembo {authors^ closure by letter !) — 
The authors wish to thank ail those who 
contributed their time and effort to the 
discussion of their workj and are particu- 
larly appreciative of the interesting and 
extensive written discussions prepared 
by Messrs. Dolan and Jones. ■ 

The discussion by Mr. Dolan suggests 
that one must ascertain what property 
of the material is to be evaluated before 
standardizing the tension-impact speci- 
men. We are in general agreement with 
him that when one is interested in the 
ability of a metal to absorb energy 
locally in regions of stress concentration, 
an especially designed test specimen of 
short gage length is required. How- 
ever, the authors’ paper deals with the 
design of a specimen for the evaluation of 
the ability of a metal to absorb energy 
in larger areas subjected to fairly con- 
stant stress, in which connection we 
found that an L/D ratio of approxi- 
mately 3 to 5 exhibited practically 
constant unit energy absorption for a 
representative variety of commercial 
metals, such as copper, Naval rolled 
brass, mild steel, monel, aluminum 
alloy, and austenitic corrosion-resistant 
steel. 

The authors’ observations on all of 
these materials indicate a definite 
dropping ofi in unit energy absorption 
for large values oi L/D. The case cited* 
by Mr. Dolan involving austenitic cor- 
rosion-resistant Steel (Fig. 6), as an 
example of a material having a horizontal 
tangent indicating constant energy ab- 
sorption per unit volume as the Z/Z) 
ratio is increased to very large values, 
appears to be misleading in that, due to 
limitation in the capacity of the testing 
machine, an L/D ratio of 4.5 was the 
maximum tested and reported. 


In connection with the question raised 
by Mr. Dolan in the last paragraph of his 
discussion, the authors did not undertake 
an evaluation of the toughness of the 
various materials as measured ' from 
static tension test data and, hence, are 
not in a position to indicate directly 
whether the static tension-energy values 
would be less than the tension-impact 
energy values. However, one of the 
authors had occasion to consider this 
matter back in 1934.® At that time, a 
search of the literature indicated that 
the energy absorbed in the tension- 
impact test is generally greater than 
that absorbed in the static tension 
test. 

Honda^ showed that the work re- 
quired for a sudden break is propor- 
tional to the volume of material sub- 
jected to stress and is not proportional 
to the cross-sectional area of the test 
specimen. If the deformation in the 
static test is the same as that in the 
d 3 mamic test, the energy absorbed in 
each case should be the same since the 
work is chiefly determined by the energy 
of deformation. In the case of tension 
tests, it has, however, been observed^ • ® 
that the energy absorbed in the impact 
test is generally greater than that ab- 
sorbed in the slow tension test. Honda^ 
states that this difference is due to the 
difference in deformation in these two 
tests. He goes on to state that although 
the total elongation may be the same 
in both tests, the local elongation may 
be greater in the dynamic test so that 
the energy absorbed would be greater 

8 E. A. Imbembo, “Effect of Low Temperature on the 
Tensile Imj^act Resistance of Some Welded Joints,” 
Thesis submitted in panial fulfillment of the requirements 
for the Degree of Master of Mechanical Engineering at the 
Polytechnic Institute of Brooklyn, June 1, 1934. 

- ^ Kotaro Honda, “A Comparison of Static and Dy- 
namic Tensile and Notched Bar Tests,” Journal, Inst. 
Metals, Vol. 36, No. 2. pp. 27-37 (1926), 

8 B. Blount, W. G. Kirkaldy, and H. R. Sankey, 
“Comparison of Tensile, Impact Tensile, and Repeated 
Bending Methods of Testing Steel,” Proceedings, Institu- 
tion Mechanical Engrs. (London), No. 2, pp. 715-772 
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in the latter test. Holidays results^ 
show that the work of rupture for carbon', 
steels in the dynamic test is greater 
than that in the static test, as indicated 
in the following table: 

, Carbon Content, , 

percent Ratio, Dynamic to Static 
. ■ 04 1.28 

0,3 1.48 

0.5 1.41 

0,7 1.34 

0.0 1.32 

Blount, Kirkaldy, and Sankey,^ as a 
result of tests on unnotched tension 
specimens of 13 carbon steels, found that 
the ratio of the work absorbed in the 
impact test to that absorbed in the slow 
tension test varied from 1.31 to 1.75, 
the average being 1,58. They also 
found that, in every case, the elongation 
and reduction of area were greater in 
specimens broken under impact than in 
those broken in slow tension. Philpot^ 
assumes, as does Mr. Dolan, that the 
greater energy value is due to trans- 
formation of part of tlie kinetic energy of 

9 M. F, Philpot, “Some Experiments on Notched 
Bars/’ Soc. Automotive Engrs., Vol- 3, No. 6, 

pp. 347 - 357 . December, 1918. 


the pendulum ' into vibrations of the 
machine. However, since there is some 
evidence to indicate that ductility is 
greater in tension impact than in static 
tension, it does not appear probable that 
the difference in energy values can be 
entirely attributed to energy loss: in the 
testing machine. 

Jones appears to agree that a limit of 
3 to 5 for the L/D ratio is a satisfactory 
criterion for the tension-impact speci- 
men. In connection with Fig. 14, in 
which he has plotted energy per unit 
volume against diameter of the specimen 
for specimens of constant length, he sug- 
gests that such a plot might be utilized 
to determine the dimensions of a speci- 
men for constant energy absorption. It 
is interesting to note that the example 
quoted involves L/D ratios of 2.4, 4.0, 
and 5.7, respectively, which are all within 
the range of practically constant unit 
energy absorption. The authors do not 
quite grasp the significance of Fig. 15 and 
believe that a plot of length against D® 
might have provided more pertinent 
iqformation, as suggested by Jones. 


SYMPOSIUM ON FREEZING-AND-THAWING TESTS OF CONCRETE 


CONSIDERATIONS INVOLVED IN THE MAKING OF FREEZING-AND- 
THAWING TESTS ON CONCRETE’^ 

By M. 0. WiTHEY^ 


Synopsis 

The paper ‘emphasizes the importance of a knowledge of the weathering 
resistance of concrete. The objective of the test and the desired accelera- 
tion of the rate of disintegration without modification in the process of dis- 
integration is stressed. Factors influential in developing freezing-and-thawing 
tests and the types of tests commonly used are considered. The more im- 
portant details of procedure for testing concrete containing aggregate of 
uncertain quality, the principal indices of damage, and the selection of the 
end point are discussed. A brief consideration is also made of the signifi- 
cance of freezing-and-thawing tests and the further research which is needed 
to provide proper standards for procedure. 


The numerous alternations of freezing 
and thawing (often 25 to 40 per annum) 
in the climate of the temperate zones 
cause deterioration in all porous rock 
and masonry structures. Concrete and 
mortar are particularly susceptible to 
the weathering influences of nature when 
subjected to severe exposure. Hence 
the designer, builder, and owner of 
structures should know the relative dur- 
abilities of different grades of such ma- 
terials in order to appraise their value in 
construction. Desire for such informa- 
tion has led to the use of numerous 
freezing-and-thawing and other t 3 q)es of 
accelerated weathering tests. In these 
tests the objective has been to secure, in 
a relatively short period of time, an 
index of the length of service which may 
be expected of the material under test 
when subjected to a given type of ex- 
posure. Of the accelerated tests thus 
far tried, the freezing-and-thawing test, 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28y 1946. 

1 Professor of Mechanics, The University of Wisconsin, 
Madison, Wis. 


which approaches conditions m nature, 
has been the most satisfactory. 

It will be the purpose of this paper to 
enumerate some of the factors to be 
considered in developing a satisfactory 
test, to indicate the types of test used, 
to detail a test procedure which appears 
to have much merit in testing concretes 
made from aggregates of questionable 
quality, to consider indices of damage 
during tests, methods of determining the 
end point of the test, the significance of 
such accelerated tests, and to point out 
some needed research. 

Factors Influential in Developing 
A Test 

Since the value of the index of dur- 
ability determined by the data from a 
freezing-and-thawing test is dependent 
upon the correlation which exists between 
that index and the action of nature, the 
test should be so devised that it will 
correspond in its action to that of nature. 
The only important divergence should 
be that the test sets up a much more 
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rapid rate of disintegration in test speci- 
mens without modifying the process of 
disintegration accomplished much more 
slowly by nature. 

It seems apparent from studies made 
by Kreuger (l),^ Powers (2), and others 
that the, deteriorating influence of freez- 
ing and thawing is intimately related to:" 
"(1) the permeability of the concrete; 
(2) .the degree to which the concrete is 
saturated ■ with freezable water; and (3) 
the amount of freezable water in the 
concrete. 

These factors will be materially influ- 
enced by the water-cement ratio of the 
paste (3), the character of the aggre- 
gate (4), the consistency of the con- 
crete (5, 6), the curing conditions (6), 
and the proportion ■ of entrained air in* 
the set concrete (7). Factors 2 and 3 
will also be affected by the type of ex- 
posure. In a rigorous climate^ concrete 
in the exposed face of an exterior wall 
above grade will suffer less deterioration 
than that in a parapet wall or similar 
concrete in contact with a wet soil or 
partly immersed in water. Test data 
indicate (8) that the rate of disintegra- 
tion of concrete increases with the rate 
that the temperature falls during freez- 
ing. Since the fall of atmospheric tem- 
perature in the vicinity of 32 F. rarely 
exceeds 3 F. per hour, it does not appear 
desirable to lower the temperature during 
a freezing test at too fast a rate. Until 
more determinative data are obtained, a 
limit of 10 F. per hour is suggested. 

Types oj Test Commonly Used 

The three types of freezing-and-thaw- 
ing tests commonly used are: 

1. Freezing immersed in water and 
thawing ; submerged in water. 

2. Freezing partly immersed in water 
and thawing partly or wholly immersed 
in water. 

3. Freezing in air after saturating in 
water, and thawing submerged in water. 

“The ..boldface numbers .in parentheses refer to the 
references appended to this paper, see . p. 1207. 


■ In each of these types of test there 
have been a great many variables: the 
temperature of the specimen when placed 
in the freezer, the rate of freezing, - the 
minimum temperature attained, the tem- 
perature of the water used in thawing, 
and the rate of thawing. In several 
laboratories operating under type 1, each 
small test beam is placed in a special 
form of rubber boot filled with water (9). 
The boots are immersed in a stirred 
solution of brine or alcohol maintained 
at a low temperature by means of cooling 
coils. In thawing, the boots are trans- 
ferred to a water tank maintained at a 
fixed temperature « above the freezing 
point. By this procedure very rapid 
rates of freezing may be provided with- 
out subjecting the specimens to the di- 
rect action of the brine or alcohol 

A committee on the durability of con- 
crete sponsored by the Highway Re- 
search Board of the National Research 
Council reported (9) in 1944 on the 
results of a program of tests involving 
the cooperation of eight laboratories. 
In the rather extensive program pursued, 
all three of these methods were used by 
one or more of the cooperating labo- 
ratories in testing a concrete of 0.55 
water-cement ratio, by weight, in which 
the quality of the coarse aggregate was 
made variable. The procedure of type 
3, which is described in the following 
section, gave the most uniform indication 
of quality of the concretes tested. Tlie 
detailed procedures for mixing, molding, 
curing, and methods of measuring the 
effects of freezing and thawing can well 
be applied in any one of the three 
freezing-and-thawing procedures listed. 

Procedure eor Testing Concrete 
Containing Aggregate ge 
Uncertain ■ Quality" 

Materials: 

All of the materials used in making 
the specimens for freezing-and-thawing 




■Mixer Used at the University of Wisconsin Laboratory. 
Speed, 16 rpm. Capacity, cu. ft. 
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tests of concrete must be correctly 
chosen and properly sampled if the subse- 
quent tests are to be truly determinative 
of the durability of the concrete. If the 
quality of the aggregate is the question- 
able factor under test, then all other 
materials must be selected to avoid intro- 
ducing other affecting vaTiables. Ce- 
ments with high alkali contents (10) or 


mum diameter of coarse aggregate for 
concrete specimens with 3-in. minimum 
dimension should not exceed 1 in. It 
is well to weigh saturated coarse aggre- 
gate under water (9) and saturated 
surface wet sand in air. Allowance for 
water adhering to the surfaces of the 
aggregate can then be made in weighing 
the mixing water. 


high tricalcium aluminate contents (8) 
should be avoided. The air-entraining 
characteristics of the cement (7) should 
be low. Cements should be thoroughly 
mixed and stored in tight metal con- 
tainers during the tests. 

Aggregates should be brought to the 
moisture content which they will con- 
tain in field use. The percentage of 
saturation and the variability in the 
water content of the coarse aggregate 
are factors of potent influence on the 
durability of concrete (4) and must be 
closely controlled. Aggregates should 
be graded within fixed limits in prepar- 
ing all batches of concrete. The maxi- 


Mixing: 

Machine mixing for a period of at 
least 5 min. is desirable to avoid vari- 
ations in the air content of individual 
specimens. A suitable mixer is shown 
in Fig. 1. Both the materials and the 
air of the* mixing room should be main- 
tained at a uniform temperature, 70 ± 
2F., and the relative humidity of the 
mixing room should be between 50 and 
60 per cent. The interior surfaces of the 
mixer should be maintained clean and 
brought to a uniform condition by wip- 
ing with a moist rag just before the 
batch is admitted. Each batch should 
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be dumped onto a moistened pan and 
rendered uniform by remixing with a 
shovel The slump or flow should then 
be determined. ^ A slump of 2| to 3 in. 
is satisfactory for making small beams 
3 by 4 by 16 in. in size or for small 
cylinders. Tests on the amount of en- 
trained air in the fresh concrete should 
also be made in order to check the air 
content of each batch of concrete. This 
is especially important when treated 
cements are used. 

Molding: 

Metal molds, Fig. 2, consisting of cold- 
rolled steel plate sides fitted into slotted 
cold-rolled end and bottom plates are 
satisfactory.. Joints should, be. made 
watertight,., by sealing with graphite 
grease, and .interior surfaces should be 
given a .thin coat of mineral oil. before 
l-he molds are filled. 



Fig. 2.— Molds of Cold-Rolled Steel Hate for 
3 by 4 by lb-in. Concrete Beams. 


Six 3 by 4 by 16-in. beams is a con- 
venient number to mold at one time. 
In making small beams of the size men- 
tioned, molding should be done in two 
layers. Each layer should be rodded 40 
times with a f-in. bullet-nosed rod, 
spaded 25 strokes on each side and 10 
strokes on each end with a 6-in. pointing 
trowel In placing the second layer the 
molds should be filled l-in. above the top 
and rodded and spaded as before. The 
tops should be struck off level with a 


straight edge which should be advanced 
slowly along the beam and finished with 
three strokes of a wood float. Since it 
is believed that the amount of bleeding 
affects resistance to freezing and thaw- 
ing, troweling of the surface should be 
minimized. If desired, beams of this 
size can also be equipped with plugs 
centered in the ends to permit measure- 
ments of expansion during the test. 

Curing: 

Filled molds should be ^ covered with 
burlap held off the tops of the specimens 
and immediately placed in the moist 
closet. Molds and specimens should be 
protected from direct contact with the 
water spray. Specimens should remain 
in the moist closet for two days at a 
temperature of 70 ± 2 F. and a humidity 
of 100 per cent. The molds should then 
be removed and the specimens immedi- 
ately weighed to the nearest gram, in 
air and then under water. This pro- 
cedure provides data from which the air 
entrained In the set concrete may be 
estimated. Specimens should then be 
immersed in water at 70 ± 2 F. for 26 
days. Proponents of a period of air 
curing of a week or 10 days introduced 
prior to the beginning of the freezing- 
and-thawing cycles claim that the qual- 
ity of the concrete is thus rendered more 
uniform. However, such procedure will 
also materially lengthen the time re- 
quired to break down the specimens in 
the freezing-and-thawing test. 

A Suggested Procedure for Freezing and 

Thawing: 

When the specimens become 28 days 
old they should be cooled for 5 to 7 hr. 
in water at 40 F. Specimens should then 
be weighed in air and in water at 40 F. 
Immediately thereafter specimens should 
be subjected to tests for the d3mamic 
modulus of elasticity, Edy taking care to 
maintain the temperature of the sped- 
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mens as close to 40 F. as possible. In 
the dynamic modulus testSj rectangular- 
beams may be subjected to vibration in 
each of the principal longitudinal planes 
and calculations can be made, if desired, 
for both of these determinations. 

Figure 3 shows the apparatus for de- 
termining Ed> The beam specimen, . 
B8-2, is supported at its nodal points at 
22.4 per cent of its length from each end 
on three steel balls. It is vibrated 
laterally by a horizontal piston attached 
to the cone of a loud speaker housed in 
the heavy metal box A, The minute 
deflections of the right end of the beam 



Fig. 3. — Apparatus for Determining the 
D3mamic Modulus of Elasticity of 
Small Concrete Beams. 


actuate the crystal pick-up B and are 
indicated on the milliammeter at C. 
The operator is enabled to vary the fre- 
quency pf the cycles of vibration imposed 
on the beam by turning the dial. Reso- 
nance is denoted by the maximum swing 
of the pointer. 

The dynamic modulus of elasticity is 
calculated from 


Ed 


m,9pLi^T 


where: 

p = specific weight in pounds per cubic 
foot, 


L = length of specimen in inches, 

/ = natural frequency in kilocycles, 
d = depth of beam in plane of vibra- 
tion, and 

d 

T = correction factor dependent on ~ 
' and Poisson’s ratio. 

For 3 by 4 by 16-in. beams with Pois- 
son’s ratio of 1:6 

m = constant = 4.73, and 
T = 1.23 for = 3 in., and 1.40 for 
i = 4 in. (16). 

Because of the spread in the results 
of freezing-and-thawing tests as indi- 
cated in Fig. 4, at least ten specimens per 
variable under test should be subjected 
to the freezing-and-thawing program, and 
at least five specimens should be used for 
normal controls. The specimens for 
each type of test should be so chosen 
that they will truly represent each batch 
of concrete used. 

Where the objective of the tests is to 
secure a measure of the resistance of 
aggregates to freezing and thawing, the 
following procedure involving freezing in 
air and thawing in water has proven 
satisfactory. The rectangular beam 
specimens should be inserted with the 
narrow faces as molded uppermost on non- 
metallic racks in the cold room. If pos- 
sible, these racks should be part of the 
cooling coils so that the temperature 
gradient in all of the specimens placed in 
the freezer can be maintained approxi- 
mately constant. Care should be taken 
to rotate the position of top and bottom, 
also the location of the beams after each 
cycle of freezing and thawing, A suit- 
able fan for stirring the air in the re- 
frigerator room is an additional aid in 
securing uniform temperature control. 
The rate of reduction of the temperature 
in the beams should be determined by 
measurements with thermocouples in- 
serted at the centers of three or more 


Reduction in 



Number of Cycles 

Fig. 4.— Range in Reduction in Dynamic Modulus of Elasticity for Different Numbers of Cycles of 

Freezing-and-Tliawing Tests. 

The specimens represented were made at the same laboratory and are supposed to be identical in all respects. The 
data show the variations obtained when they were tested in six different laboratories. Data taken from report of Com- 
mittee on Durability of Concrete of the Highway Research Board, 1944. 
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dummy beams of the same size as the 
specimens under test. The temperatures 
of the specimens should be reduced from 
40 to 0 F. in not less than 5 and not more 
than 7 hr., using a minimum freezer 
temperature of — 10 F. If one cycle per 
day is run, the temperature of the speci- 
mens should closely approximate the 
minimum freezer temperature after the 
specimens have been in the freezer 16 to 
18 hr. It is highly desirable to have 
temperature-time recording devices for 
determining the temperature in the 
dummy specimens and also the freezer 
temperature during a sufficient number 
of representative runs to provide infor- 
mation on the uniformity of the temper- 
ature controls during the tests. 

After the specimens have been in the 
freezer for 18 hr. they should be removed 
and immersed for 6 hr. in water main- 
tained at 40 rh 2 F. For concrete of low 
durability, readings to determine Ed and 
the specimen weight should be taken on 
the surface-dried specimens after every 
cycle. If, however, the durability is 
relatively high, the interval between 
readings can be made S or even 10 cycles. 
Inasmuch as the time required for mak- 
ing weight and dynamic modulus read- 
ings is small, it is better to take too 
many readings than too few. 

W^en control beams for strength tests 
or prisms used for measuring the ex- 
pansion of the concrete are cured nor- 
mally, weight and dynamic modulus tests 
should be run on these specimens from 
time to time until the end point of the 
test is reached. If rectangular beams 3 
by 4 by 16 in. in size are used in the 
program, the strength controls should be 
tested by applying a center load at the 
middle of the broad face over a 14-in. 
span. As soon as the Ed of each beam 
in the freezing-and-thawing tests has 
been reduced a predetermined amount, 
say 30 per cent, it should be broken in 
similar manner. The rate of motion of 


the movable head of the testing machine 
in these tests should lie between 0.01 to 
0.02 in. per minute. 

Indices OF Damage , 

In general the rate of deterioration of 
concrete beams subjected to freezing and 
thawing is clearly indicated by the reduc- 
tion in the square of the resonance fre- 
quency (f^) of the beams as the number 
of cycles of freezing and thawing is in- 
. creased (U). This follows from the fact 
that the reduction in p is proportional 
to the reduction in Ed and, as Reagel (12) 
has shown, the reduction • in flexural 
strength is a function of the reduction 
in Ed^ ' ReageFs formula for predicting 
decreases in moduli of rupture is i? = 
6E^'®, where R and E are percentage re- 
ductions in modulus of rupture and 
modulus of elasticity, respectively. 
Curves between the reduction in Ed and 
the number of cycles of freezing and 
thawing exhibit a very flat slope for 
specimens of high durability and a very 
steep slope for those of low durability. 
It is possible from the average slope of 
such curves to estimate the relative 
durability of the concrete under test 
before the test has been carried to the 
point where the concrete has begun to 
disintegrate. Often such information 
can be secured in 10 cycles and the test 
then discontinued. However ^ until the 
characteristics of the testing program are 
well understood, it is advisable to run the 
tests until the specimens give definite evi- 
dence of failure. 

It should be noted, however, that 
other factors than the rate of deteriora- 
tion due to freezing and thawing, such 
as changes in moisture content and tem- 
perature changes, have an appreciable 
effect on Ed of concrete specimens. Also 
cracks ( 13 ) produced in stripping the 
molds or resulting from mishandling will 
reduce Ed- On the other han®, since Ed 
is determined at very low stresses, auto- 
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genous healing (9) has a more marked 
effect in restoring E^i than it does on the 
'flexural strength. . 

The flexural strength test is a sensitive 
index (3) of the deterioration of concrete 
when subjected to freezing and thawing. 
The deterioration of the flexural strength 
of a concrete with a water-cement ratio 
of 0;S by weight is likely to be five times 
as great as its deterioration in compres- 
sive strength. If desired, portions of the 
beams used for the flexure test may be 
subsequently tested as modified cubes (9) 
and the compressive strength after freez- 
ing and thawing can thus be obtained. 

Considerable use has also been made 
of the loss in weight as an index of de- 
terioration (14). It should be borne in 
mind, however, that this test is of value 
only when measuring the deterioration 
of porous, low-strength concretes. Most 
high-strength concretes lose little weight 
until they are in the stage of incipient 
disintegration, at which stage they have 
lost nearly all of their strength. Further- 
more, the loss in weight is much greater 
when the freezing specimen is in contact 
with water than when it is in contact 
with air. 

Considerable use has also been made 
of expansion measurements (8) as a 
means of indicating the deterioration of 
concrete under freezing and thawing. 
Although such measurements are non- 
destructive, they do not afford the quan- 
titative and conclusive measures of the 
rate of deterioration that result from 
measurements of Ed- 

Concrete specimens of low durability, 
after a few cycles of freezing and thaw- 
ing, generally show crumbling at the 
corners or spalling along the edges. 
Subsequently transverse cracks appear. 
The presence of unsound coarse aggre- 
gate eventually causes the adjacent sur- 
face of the concrete to crack and spall off 
as shown in Fig. S. Visual evidences of 
deterioration are more pronounced when 


the specimens are frozen in contact with 
water than when frozen in air. 

Determination oe the End Point in 
Freezing-and-Thawing Tests 

Where the freezing and thawing pro- 
gram is conducted as indicated, that is, 
the specimens are frozen in air and 


(a) After 382 cycles of test of type 1 



{b) After 380 cycles of test of type 3 
Fig. 5. — The Effect of Unsound Aggregate 
Particles on Frozen and Thawed 
Concrete Specimens. 

Data from University of Wisconsin Tests. 

thawed in water at 40 F., the number of 
cycles required to reduce the dynamic 
modulus of elasticity 30 per cent and the 
corresponding modulus of rupture ap- 
proximately 50 per cent will vary from 
five to several hundred (9) depending 
upon the durability of the concrete in- 
volved. Hence, for a durable concrete 
the time required for such tests is exces- 
sive. Estimates of the rate of deteriora- 
tion of a group of durable concrete 
specimens can be m?^,de from either tlie 
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average slope of curves drawn between 
the reduction in Ed for a fixed number 
(10 or 20) cycles or from the actual 
reduction in Ed after a fixed number of 
cycles. Then the actual damage can be 
estimated by determining the average 
ratio of the flexural strength after the 
given number , of cycles of freezing .and 
thawing to the strength of the normal 
specimens tested at the time the freezing- 
and-thawing tests were begun. 

Significance of Freezing-and- 
Thawing Test Data, 

The accuracy with which the results 
of an accelerated freezing-and-thawing 
test predict the behavior of similar ma- 
terial subjected to outdoor exposure is 
the real measure of the value of such 
accelerated tests. Unfortunately only 
fragmentary data are available. 

A series of 6 by 18-in. cylinders 
of 1 : 3 : 6 and 1 : 2 : 4 (by volume) concrete 
made at the University of Wisconsin (6) 
in 1910 were subjected to external ex- 
posure with ends resting on the ground. 
These specimens have been periodically 
tested in groups of five over a 30-yr. 
period (15) and the groups have shown a 
progressive increase in compressive 
strength including a marked rise in 
strength between 20 and 30 yr. After 
20 yr. of such exposure three specimens 
of each mix were tested under a very 
severe procedure of type 1 at the Port- 
land Cement Association Laboratory. 
No strength tests were made after these 
accelerated tests but, judging from the 
loss-in-weight data, 10 to 20 cycles of 
that accelerated freezing-and-thawing 
test were far more destructive than the 
succeeding 10 yr. of exposure on com- 
panion specimens. In the latter ex- 
posure, our time-temperature records 
indicate the specimens suffered about 
250 cycles of freezing. Other data from 
our tests on masonry materials lead to 
the conclusion that the accelerated tests 


are many times more severe than the 
action of nature. Tentatively 25 cycles 
of such accelerated tests may be con- 
sidered as severe as 10 to 20 yr, of ex- 
posure to freezing and thawing in con- 
tact with the ground. 

Needed Research 

1. Further research is required to 
eliminate the spread between the results 
of individual specimens supposedly of 
the same concrete tested in the same 
laboratory under the proposed procedure 
of type 3 before that procedure should 
be proclaimed as standard. Some of the 
factors which appear to promote such 
variations in the data for individual 
specimens are: variations in the degree 
of saturation of the coarse aggregate at 
the time of mixing, small variations in 
the air content of individual specimens 
due to discrepancies in mixing the con- 
crete and its bleeding after molding, 
variations arising from variable condi- 
tions during the initial curing period, 
and variations in the degree of saturation 
of specimens when frozen. 

2. Basic research is needed as stated 
by T, C. Powers (2) to determine the 
relative influence of the factors causing 
the breakdown of concrete under freezing 
and thawing. Successful experimenta- 
tion to improve the ductility of this 
brittle material would undoubtedly in- 
crease its resistance to cracking, promote 
greater impermeability and resistance to 
disintegration under weathering. 

3. Experimentation should also be 
directed towards the perfecting of stand- 
ard freezing-and-thawing tests suitable 
for determining the durability of cement 
pastes, masonry mortars, and concrete 
products. 

4. In order, to evaluate properly the 
results of freezing-and-thawing tests, 
more information should be obtained 
from temperature-time measurements in 
exposed structures. Still .more valuable 


WiTHEY ON Considerations Involved in Tests 


1207 


would be comprehensive information on 
the behavior of concrete in the several 
accelerated freeziiig-and-thawing tests 


correlated with the behavior of identical 
concrete subjected to a variety of condi- 
tions of severe exposure to the weathen 
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DISCUSSION 

PREPAREB BY CHARLES W. ALLEN^ 


For many years Ohio’s experience with 
freezing-and-thawing tests was limited 
principally to the testing of concrete 
cores drilled from pavement and base 
slabs. The cores were frozen immersed 
in corrugated copper containers at ap- 
proximately — 20 F. and thawed in water 
at approximately 70 F. Because of lack 
of necessary equipment, the specimens 
were frozen at a local cold storage house. 
The results were not wholly satisfactory 
because of the fact that the only means 
at hand for rating a specimen in the test 
was by measuring its loss of weight by 
sloughing as a result of the freezing ac- 
tion. We realized that this means of 
measurement was very crude, and in 
some cases wholly unreliable, since a 
core could fail by cracking and at the 
same time still lose very little of its 
weight by sloughing. However, since 
it was not thought possible to apply the 
sonic method of measuring the elastic 
modulus nor, without a great deal of 
trouble, the length-change method, we 
believed this to be the only feasible 
method of measuring the performance of 
a core specimen in the test. 

A very exhaustive cross-file was main- 
tained on test results, every possible 
classification being made in order to 
discover the elements responsible for 
poor performance in the test. Results 
were classified by general location, 
specific location, by type of fine aggre- 
gate, producer of fine aggregate, type of 
coarse aggj^gate, producer of coarse 


aggregate, and by brand of cements. 
Separate records were, of course, kept for 
each class of concrete involved. 

Extremely wide variations in test re- 
sults occurred, some of which were not 
explainable with the information at hand. 
In some cases cores failed very early in 
the test, while the concrete in service 
performed well. In almost every case, 
however, when the core withstood long 
exposure to the test with little effect, the 
concrete in service performed equally 
well. 

In spite of the apparent shortcomings 
of the test procedure, the test results on 
nearly 600 cores at the end of approxi- 
mately five years began to shape them- 
selves into definite trends. These, when 
viewed together with service records 
which were generally corroborative, fur- 
nished a promising foundation for further 
investigation. 

In 1945, the laboratory purchased 
freezing equipment which is now being 
used to freeze both cores and beams. 
With this equipment, saturated beams 
frozen at —10 F. fall from 40 to O F. in 
somewhat less than five hours. Im- 
mersed core specimens frozen at —50 F. 
fall from 40 to 0 F. in approximately 
seven hours. 

One project now under way compares 
aggregates with good service records with 
aggregates with questionable service 
records. For each combination of mate- 
rials, six 3 by 4 by 16-in. beams were 
made, each with a corrosion-resistant 
steel plug in each end. All specimens 
were cured in the moist room for 28 days, 


31 Research Engineer* Ohio Bepartment of Highways, 
Columbus, Ohio. 
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after which three of the six were sub- 
merged in water until saturated, and 
then placed in test as freezing-and-thaw- 
ing specimens. The remaining three 
specimens remained in the moist room as 
controls. The temperature in the freez- 
ing box is approximately — 50 F., and the 
specimens are thawed at a temperature 
of approximately 70 F. in water. These 
specimens are permitted to remain in the 
thawing tank approximately twelve 
hours,, then are placed in the freezing 
cabinet and frozen in air for an equal 
period. At the end of each ten cycles, 
each set of three beams is tested for 
length change, using the corrosion-resis- 
tant steel plugs as gage points. The 
dynamic modulus of elasticity of each- 
specimen is also determined at this time. 
The apparatus used by our laboratory 
for this latter determination differs from 
that described by Mr. Withey in that the 
specimen is supported upon wooden 
knife-edges and vibrated vertically by a 
rod attached to a dynamic speaker lo- 
cated beneath the specimen. The 
crystal pickup is located directly above 
the sonic driver and the resonant fre- 
quency is determined by means of a 
cathode ray oscillograph, the maximum 
amplitude of the resultant wave deter- 
mining the fundamental frequency. To 
date, the tests have not been completed. 
However, the data now available cor- 
roborate our previous observations. 
Questionable coarse aggregates in this 
series show poorer results than question- 
able sands. 

Our test procedure varies somewhat 
from that recommended by Mr, Withey. 
The aggregate used contained approxi- 
mately the same percentage of moisture 
as is generally found in the field. It was 
not possible to control the temperature 


and humidity in the laboratory as is 
recommended by Mr. Withey, but the 
temperature of the concrete was main- 
tained fairly close to 70 F. While we 
believe that a 40 F. thawing temperature 
is probably the most desirable for the 
purposes of the test, the requisite 
machinery for maintaining a thawing 
bath at that temperature was not in the 
beginning available, and further, we felt 
that we must be positive that each speci- 
men was completely thawed out before 
the length-change and dynamic modulus 
tests were made. Lack of space limited 
the number of active test specimens for 
each combination to three, but from the 
results obtained thus far, it is thought 
that this number is sufficient, since ex- 
cellent correlation within sets has been 
obtained. For our purposes, a specimen 
is considered to have failed in the test 
when the dynamic modulus has declined 
by 50 per cent. In cefrtain cases, how- 
ever, specimens are maintained in the 
test after this arbitrary end point has 
been passed. 

We should be inclined to question the 
advisability of placing the test specimens 
directly upon racks which are a part of 
the cooling coils. In our opinion such a 
procedure might subject a localized por- 
tion of the specimen to uncontrolled 
stress, inasmuch as a considerable 
internal temperature differential must 
exist in such a case. In our own freezing 
cabinet the specimens are placed on end 
between two freezing panels with a small 
air space on each side. 

Of Mr. Withey ’s article generally, I 
believe he has performed a signal service 
in providing the Society with a workman- 
like approach to a long-felt need— an ac- 
cepted procedure for performing freezing- 
and-thawing tests. 



1210 ^ SmpositjM ON Freezing-anb-Thawing Tests of Concrete 

Prepared by Charles E. Wuerpel^ ^ ^ 


. A fundamental concern of engineers 
engaged in the use and improvement of 
concrete has long been the problem of 
resistance to weathering. ' Although the 
ability to resist weathering involves com- 
plex-interrelationships of many proper- 
ties of the concrete and its component 
ingredients to many kinds of deteriorat- 
ing influence ; it is the factors involved in 
measuring resistance to freezing and 
thawing by a new automatically operated 
and highl}?- accelerated procedure with 
which this brief discussion is concerned. 

It is patently impossible to duplicate 
in the laboratory the precise conditions 
of freezing and thawing to which a par- 
ticular portion of a concrete structure will 
be exposed. It is likewise impossible to 
test full-sized portions of a structure in a 
standardized weathering exposure in the 
laboratory. It was believed, therefore, 
that the most practical procedure would 
be to devise an apparatus and a method 
in which standardized test specimens, 
made from carefully controlled concrete 
mixtures containing the materials to be 
used in as nearly as possible prototypal 
proportions, would be subjected to a 
standard, automatically operated, re- 
producible freezing-and-thawing cycle. 
Other considerations which were believed 
important and which controlled the es- 
tablishment of certain elements of the 
method described herein are: 

Time . — It was believed that in order 
to serve a fully practical purpose results 
should be available within 28 days after 
receipt at the laboratory of materials 
to be tested in freezing and thawing in 
concrete. The apparatus was therefore 
constructed to operate automatically and 

2 Chief* Concrete Research Div., Waterways Experi- 
ment Station, Corps of Engineers, War Dept., Clinton, 
Miss. 

8 Based on a paper by the writer and H. K. Cook en- 
titled “Automatic Accelerated Freezing-and-Thawing 
Apparatus for Concrete ” Proceedings, Am. Soc., Testing 
Mats., VoL 45, p. 813 (1945). 


continuously so as to produce one com- 
plete cycle of freezing and thawing in a 
2-hr. period and eleven such cycles in a 
24-hr. period. With an arbitrarily es- 
tablished curing period of 9 days before 
freezing and thawing is begun, it is 
possible with this, apparatus and pro- 
cedure to subject concrete specimens to 
200 cycles of the freezing-and-thawing 
test within the desired 28-day period. 

Specimen . — The type of specimen 
selected for use with this apparatus is a 
beam 3| by 4| by 16 in. This specimen 
is well adapted to rapid and accurate de- 
terminations of dynamic modulus of elas- 
ticity by vibro-electronic apparatus, can 
be made from concrete mixtures contain- 
ing aggregates up to 1 or 1-| in. in size, 
and allows a maximum number of speci- 
mens to be tested in a given cubic volume 
of space. 

Moisture content . — Recognizing that 
the resistance of hardened concrete to 
freezing and thawing decreases with 
increase in moisture content, it followed 
that the test could be accelerated and 
made increasingly reproducible by main- 
taining a high degree of saturation in 
each specimen. Accordingly, it was de- 
cided to immerse the specimens in water 
and to keep them immersed throughout 
the test. 

The major apparatus which was con- 
structed in accordance with the foregoing 
concepts consists essentially of three 
insulated tanks; one for the freezing 
fluid, one for the thawing fluid, and one 
for the specimens; with means for cooling 
the freezing fluid and heating the thaw- 
ing fluid; and the necessary pumps, 
valves, and controls to circulate the solu- 
tions through the specimen tank at the 
recluired temperatures, time intervals, 
and rates of flow. The particular ap- 
paratus referred to herein will reduce 
the temperature of 102 specimens to 
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0 ± 2 F. in 1 hr. and raise their tempera- 
tures to 42 rh 2 F. in the next hour. It 
, is electrically operated in all details and 
} will automatically repeat that cycle for 
j any desired period of time without at- 
j teiition or will cease to operate after a 
; desired number of such cycles. 

!, A solution consisting of 60 per cent 

' specially denatured ethyl alcohol and 40 
per cent water is used for both the freez- 
ing and the thawing fluids. The freez- 
ing fluid is kept at a temperature of 
I — 20 F, and the thawing fluid at +60 F. 

A total of 900 gal. of fluid is used. Re- 
frigeration is provided by a 15-hp. con- 
densing unit with a capacity of 69,000 
Btu. per hour. The thawing fluid is 
heated by twelve 1000-w. immersion 
lieaters. Circulation of the fluids is ac- 
^ complished by two centrifugal pumps 
I driven by 1-hp. motors and controlled by 
motorized valves. Operation of all 
valves and pumps is controlled by a 
seven-circuit timer in sequence with a 
predetermining counter. The tanks are 
equipped with liquid-level control probes 
to prevent overflowing. The tempera- 
ture of the fluids in all three tanks is 
registered by a multi-pen recording 
thermometer and the temperature of the 
interior of a typical specimen is registered 
on a recording potentiometer, 
i The sj>ecimens < are placed vertically in 

containers, water is added to cover the 
specimen, and the specimen containers 
are placed in a rack. Four racks each 
I , holding 24 specimens are used; the re- 
i maining six containers are placed in the 
1 tank individually. The specimens are 

I normally removed from the apparatus for 
I determination of fundamental frequency 

I after 3 and 10 cycles, and thereafter at 
I intervals of . approximately 27 cycles. 
Fundamental frequencies so determined 
are calculated as percentages of the fre-. 
quency at the' beginning of the test and 
expressed, as relative dynamic modulus of 
elasticity. When the relative modulus 


of any specimen has decreased to 50 per 
cent, the test is discontinued. 

The apparatus described above was 
completed in February, 1945, and was in 
continuous operation at the Central 
Concrete Laboratory until August, 1946, 
during which time some, 3000 speci,meiis 
were tested.^ It was then dismantled, 
transported to, re-erected and placed in 
use at the Concrete Research Division, 
Waterways Experiment Station, Clinton, 
Miss. The apparatus has been found to 
operate successfully and to give results 
of a degree of reproducibility which 
appear to offer means of conducting 
accelerated durability tests in a period 
suitable for “acceptance’’ determinations 
of concrete materials. Such a method 
of test is believed to be preferable to 
other available methods because it 
permits materials for 'concrete to be 
tested in concrete in a highly accelerated, 
automatic, and satisfactorily reproduc- 
ible manner. 

An apparatus of considerably greater 
specimen capacity, but otherwise similar 
in operation to that described in this 
paper, is to be constructed in the near 
future. The new apparatus will be made 
to accommodate a number of different 
sizes of specimen as well as a greater 
number by sectioning the specimen com- 
partment and regulating the flow of the 
freezing-and-thawing solutions. 

The accelerated procedure for freezing 
and thawing has been adopted for use 
by the Corps of Engineers in the evalua- 
tion of air-entraining admixtures and its 
use in a current research program gives 
promise of providing a standardized 
procedure for the evaluation of the 
durability of aggregates when tested in 
hardened concrete. 

* A majority of the tests conducted are described in an 
article by the writer entitled “Laboratory Studies of 
Concrete Containing Air-Entraining Admixtures/’ 
Journal, Am. Concrete Inst., February, 1946. 
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Accelerated freezing-and-thawing tests 
of concrete have been conducted by the 
Bureau of Reclamation laboratories in 
Denver for thirteen years for comparing 
aggregates, cements, admixtures, and 


elapsed time by placing the tubes in 
running tempered tap water. 

The apparatus and procedures will be 
described, followed by a discussion of 
the significance of the test results. 





Fig. 6. — Equipment Used in Freezing-and-Thawing Tests on Concrete. 


methods of curing. The test procedure 
employed is governed to a large extent 
by the factors being studied, but in gen- 
eral, 3 by 6“in. cylinders containing |-in. 
maximum aggregate concrete of about 
0.53 water-cement ratio are employed. 

The specimens to be tested are placed 
in water, within flexible rubber tubes, 
and are frozen in cold circulating brine 
at a rate such that their centers reach 
15 F. in 1 hr. and 30 min. from an initial 
uniform temperature of 70 F. Thawing 
to 70 F. is accomplished in the same 

8 Materials Engineer, TJ. S. Bureau of Reclamation, 
Denver, Colo. 


Equipment and Test Procedure 

The Freezing Cabinet: 

. Figure 6 shows the freezing cabinet 
which consists of a galvanized iron tank, 
2 ft. high by 2 ft., 6 in.’ by 7 ft., 10 in. 
insulated with 6 in. of cork board and 
incased in a wooden framework. The 
tank is divided into five compartments, 
approximately 1 by 2 ft. in area. 

The tank is partially filled with a 
calcium chloride brine which rises, when 
the specimens are added, to a depth ex- 
ceeding the level of the tops of the sped- 
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mens but lower than tbe tops of the 
specimen containers. 

The calcium chloride brine is cooled 
by two sets of rectangular cooling coils 
connected in series, the coolant, am- 
monia, entering the top of each coil. 

The brine is circulated by means of 
two turbocirculators submerged in the 
brine at opposite ends of the cabinet. 

An 8-ton ammonia compressor supplies 
the necessary refrigeration. The tem- 
perature of the brine is automatically 
controlled to 5 db 5 F. by a system which 
depends on the pressure of the ammonia 



Fio. 7. — ^Flexible Rubber Containers Used in 
Freezing-and-Thawing Tests. 


in the cooling pipes to activate a mercury 
switch which regulates the compressor. 

A resistance thermometer placed in 
the brine and connected to a recorder 
keeps a continuous record of the brine 
temperature. 

The Thawing Tank: 

The thawing tank, also shown in Fig. 6, 
is a galvanized iron tank, 2 ft., 2 in. by 
9 ft., 8 in. by 2 ft., 3 in. high, of sufi&cient 
capacity to hold 300 specimens. Tap 
water, tempered to 70 F., enters at two 
points through the bottom of the tank 
and is drained at one end of the tank 
through an overflow outlet. The con- 


tainers are completely submerged the 
thawing water, which flows at a rate 
sufi&cient to maintain a uniform tem- 
perature. 

Rubber Specimen Containers: 

The specimen containers shown in 
Fig. 7 are flexible rubber tubes, 3|-in. 
inside diameter and 22| in. in height, 
with wall thickness of | in. The tubes 
are open at the top, have a f-in. rubber 
plug in the bottom, and accommodate 
three 3 by 6-in. concrete cylinders placed 
end to end. The rubber used is similar 



Fig. 8. — Comparator and Scales. Length 
changes are read to 0.0001 in. 

to automobile tire tube stock with a 
smooth surface inside. A few flexible 
rubber containers of 3-5^-in. square 
cross-section and 22 in. in height are 
also in use as containers for concrete 
bars 3 by 3 by 16| in. in size. 

Specimen Racks: 

Galvanized iron racks, which will hold 
ten rubber specimen-containers, are 9| 
by 23 by 23 in. in Height, and are 
equipped with wire handles to facilitate 
handling by an overhead electric hoist. 
These wire handles are designed to fail 
under a small load so that jamming of 
the rack in the brine cabinet during hoist- 
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ing cannot damage the cabinet or hoist. 
The racks consist merely of iron frame- 
works which offer little impedance to the 
circulation of the brine about the 
containers; 

Comparator and Scale: 

The comparator (see Fig, 8) used for 
measuring length changes consists of a 
steel base with a vertical post to which a 
movable arm holding a Federal dial read- 
ing to 0,0001 in. with a range of 0.4 in. is 
attached. An anvil in the base receives 
the gage points or inserts in the speci- 



Fig, 9. — Metal Molds for 3 by 6-in. 
Concrete Cylinders. 


men. By placing the specimen between 
this anvil and the plunger of the dial, the 
length is read directly, for comparison 
with a standard Invar bar. The dial 
has a lifting lever to increase the speed 
specimens can be read. 

A Toledo Scale of 30-lb. capacity and 
accurate to 1 g. is used to weigh all 
specimens. 

Test Procedure: 

The 3 by 6-m. test cylinders are cast 
with inserts in both ends so that expan- 
sion can be determined, Fig. 9. In 
general the aggregates are in a room-dry 
state when used and adjustments are 
made for absorption. Where informa- 
tion is desired in a short period of time, 


the specimens are cured in the fog room; 
for only 14 days before starting, the: 
freezing and tliawdng. Curing periods 
of 180 days and longer are employed:',' 
for studying curing methods and for, other 
research investigations. Fog-cured , spec-; 
imens are soaked in water for 24 hr. 
and specimens which have been al- 
low^ed to dry are soaked for at least 96 
hr. before starting the cycles of freezing 
and thawing. 

The racks holding the rubber-incased 
specimens are interchanged between the 
freezing tank and the thawing tank by. 
means of a hoist and only ten cycles of 
freezing and thawing are accomplished 
in a five day week. The fifth day is 
taken up in weighing and measuring the 
specimens for weight changes ancl ex- 
pansion. Before length measurements 
and weight losses are determined, the 
specimens are brushed off and then are 
allowed to drain for about 5 min. The 
specimens are replaced in the rubber 
containers in an interchanged position 
and remain in the thawing tank over 
Saturday and Sunday. 

An automatic freezing-and-thawing 
apparatus is now being constructed in 
which the specimens will be frozen and 
thawed without being moved and which 
will permit 12 cycles in 24 hr. Whether 
it is used at this fast rate of freezing and 
thawing will depend on the results 
obtained. 

Discussion 

Expansion due to freezing and thawing 
is used as an early indication of failure. 
A loss of 25 per cent by weight is used as 
a measure of final failure (see Fig, 10), 
Visual examination and loss in elasticity 
are also employed in the evaluation of the 
test results, but it has been found that 
with some concretes there is a gain in 
elasticity for a considerable period after 
the freezing and thawing has progressed. 
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Because of,,, the additional infomiation 
which can be obtained through sonic 
modulus determination, however, con- 
sideration is being given to. the use of a 
bar-shaped specimen 3 by 3 by 11| in, 
in' size to replace the 3 by 6-in. cylinders 
now employed. 


involved in the tests are rigidly controlled, 
A coefficient of variation of 9.8 per cent 
was obtained in the cycles, of freezing 
and thawing required for a 25. per cent 
weight loss for 30 specimens made from 
ten batches of concrete during a three- 
week period, using the same materials 



RELATIVE RATINGS FOR US.B.R. DURABILITY 
BRINE CABINET FREEZING 


^ POOR FAIR GOOD 


no. 10.— lypical Types .of Failure (25 per cent weight loss). 


Because of the many factors which in- 
ce the resistance of concrete to freez- 
ing and thawing such as the type, brand, 
age, and fineness of cement, the degree 
of saturation of the aggregates and con- 
crete, the length and method of curing, 
the mix proportions, the temperatures 
employed in freezing and thawing, etc., 
a wide variation in results might be ex- 
pected unless all operations ancl materials 


and proportions and tested under the 
same conditions. This variation is not 
considered good when compared to a 
value of 4.6 per cent for the compressive 
strengths obtained on companion speci- 
mens. A within-batch coefficient of 
variation of only 1 per cent was obtained 
in the freezing-and-thawing tests due to 
the fact that measurements are made 
at 10-cycle intervals. 




CYCLES OF FREEZING AND THAWING 
Fig« 11. —-Typical Expansion and, Weight-Loss Curves for Concrete Durability Spedmens 
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Criteria for correlating the results of 
the tests with service performance have 
not been definitely established. There 
have been cases where concrete made 
with aggregates judged suitable by all 
standard tests, such as sound quartz, 
failed in comparatively few cycles of 
freezing and thawing. Others, in which 
the aggregate was judged poor, stood 
up remarkably well in this test. These 
results may only indicate that our 
methods of judging aggregates should 
be revised. Surely we should have 
different standards for mild climates as 
compared to severe climates. 

From information gathered on con- 
cretes which are standing up well in 
service and those which are failing 
because of weathering, it has been con- 
cluded that a concrete which withstands 
150 cycles of freezing and thawing in 
water before losing 25 per cent of its 
weight is sufficiently durable for severe 
climates. 

The curves shown in Fig. 11 are 
typical expansion and weight-loss curves 
for concrete durability tests. The con- 
cretes used in these particular tests 
contained different cements ' but were 
all made with aggregates from the same 
source with the parts of aggregate to 
cement held constant. The concrete 
represented by the first curve is rated as 
being poor. There is some question as 
to the suitability of the concrete repre- 
sented by the next two curves. These 
two concretes would require richer mixes 
for suitable performance. The last curve 
is for an air-entrained concrete, contain- 
ing about 2 per cent air. Note low ex- 
pansion after 400 cycles. These con- 
cretes were all cured for 90 days in a 
fog room at 70 F. before starting the 
freezing-and-thawing tests. These re- 
sults are interesting because if this 
aggregate were used with the cement 
represented by the curve on the left it 
would have been rejected, whereas it 
would have been accepted if it had been 


tested with the cement represented by 
the cement on the right. 

Coed Room 

In addition to the tests already de- 
scribed, 3 by 6-in. cylinders and odd 
shaped specimens are tested in a cold 
room. 

The cold room is 6 ft, 10 in. by 7 
ft., 4 in. by 6 ft., 5 in. high. The room 
is constructed of wood and is insulated 
by a 4-in. thick studded partition filled 
with ground cork and an outer wall of 
hollow tile blocks 6 in. thick. A tem- 
perature of —10 F. is maintained by 
circulating the air in the room by means 
of a centrifugal fan through a bank of 
cooling coils carrying ammonia. The 
fan is driven, via a shaft through the 
wall, by an electric motor outside the 
room. A permanent record of room 
temperature is kept on a recorder which 
is operated by a resistance thermometer 
in the cold room. 

The ammonia coils are defrosted 
every 24 hr. by stopping the flow of 
ammonia through the coils, then spray- 
ing with cold water from a perforated 
pan. The water and melted frost is 
caught and drained from a sloping 
pan under the coils. While defrosting, 
the blower fan is stopped and the door 
of the room is kept closed. In this 
way defrosting can be accomplished 
without raising the air temperature in 
the room more than 10 F. 

The cold room contains several tables 
to facilitate the handling of specimens 
and apparatus in the room. 

Procedure: 

Specimens to be frozen in air are 
placed on the truck near the end of the 
working day, the truck is pulled into 
the cold room, and allowed to remain 
overnight. The following morning the 
truck containing the frozen samples is 
pulled from the cold room and the 
specimens are placed, manually, in 
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water in the thawing tanks. At the 
end of the working day, the samples 
are replaced on the truck and returned 
to the cold room for the next cycle. A 
cycle consists of freezing in air at — 10 F. 
for 18 hr. and thawing in water at 
approximately 50 F. for 6 hr. 

In some instances, specimens frozen 
in the cold room are subjected to freezing 
in water-filled metal pans at an air 
temperature of —10 F. for 18 hr. and 
to thawing during the day for 6 hr. by 
placing the specimens into circulating 
water. 

After every ten or twenty cycles, 
depending on the durability of the 


specimens, the lengths and weights of 
the specimens are determined. On speci- 
mens which do not contain inserts, such 
as cores from a concrete structure, 
durability is determined on a weight 
basis only. 

Freezing in air is much less severe 
than in water even though the specimen 
is saturated when frozen, and freezing 
in water exposed to cold air is less 
severe than freezing in water in contact 
with brine. It is probable that the 
slower freezing cycle of the cold room 
has some bearing on this apparently 
greater resistance. 


Prepared by Raymond E. Davis® 


Investigations to determine the effect 
of freezing and thawing on weathering 
resistance and other properties of con- 
crete were begun at the University of 
California in 1932. Various schemes 
for rating the effect of freezing and 
thawing have been employed, including 
visual inspection, change in compressive 
strength, decrease in modulus of elasti- 
city as determined by static loading, 
change in modulus of elasticity by the 
sonic method, loss in weight, and increase 
in length. 

Specimens for freezing-and- thawing 
tests have included 2 by 4-m. mortar 
cylinders, 3 by 6- in. concrete cylinders, 
6 by 12-in. concrete cylinders, and 2 by 
2 by 10-in. concrete bars. 

Early Investigations 

In some of the earlier tests, the 
specimens were subjected not only to 
freezing and thawing but also to alter- 
nations of wetting and drying. Variables 
in the cyclic treatment have included 
minimum temperatures varying from 
— 18 to -f 23 F. and maximum tempera- 
tures varying from 70 to 160 F. Speci- 

, ® Director, Engineering Materials Laboratory, Uni- 
versity of California, BerJcel ey, Calil. 


mens have been frozen both when 
surrounded with air and when sur- 



rounded with a thin layer of water, and 
specimens have been saturated both 
with water and with a solution of 
calcium chloride. 
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For the early investigations made on 
2 by 4-iii. mortar cylinders and 6 by 
12-in, concrete cylinders, the usual 
practice was to start the cyclic treat- 
ment at the age of 28 days. Half the 
specimens of each group were continu- 
ously stored under standard: curing 
conditions, while the remainder were 
being subjected to freezing-thawing- 
wetting-drying cycles. The special oven 
in which the drying operation was per- 
formed is shown in . Fig. 12. At the 
age of 3 months, all specimens were 
tested to determine their static modulus 
of elasticity and compressive strength. 

For 2 by 4-in. mortar cylinders, the 
treatment consisted of sixty 24-hr. cycles, 
as follows:. 

1. Soaking in water at 70 F. for 
10 hr. 

2. Freezing in air of a refrigerator 
room at 23 F. for 4 hr. 

3. Soaking in water at 70 F. for 

2 hr. 

4. Drying in an air blast at 160 F. 
for 8 hr. 

For 6 by 12-in. concrete cylinders, 
the treatment consisted of thirty 48-hr. 
cycles, as follows: 

1. Soaking m water at 70 F. for 

14| hr. 

2. Freezing in air at 23 F. for 10 hr. 

3. Soaking in water at 70 F. for 

7ihT. : / ■ , 

4. Drying in an air blast at 160 F. for 
16 hr. 

The specimens were rated by compar- 
ing the compressive strength and static 
modulus of elasticity of the specimens 
subjected to the cyclic treatment with 
the strength and modulus of correspond- 
ing specimens continuously moist-cured 
at 70 F. 

It was found that excellent correlation 
existed between reduction in compressive 
strength and reduction in modulus of 
elasticity, though on a percentage basis 
the reduction in modulus produced by 


the treatment was generally considerably 
greater than the reduction in com- 
pressive strength. ■ While in nearly all 
cases a reduction in the modulus- of 
elasticity occurred, in several instances, 
particularly for low-heat cements, the 
compressive strength of the treated 
specimens was greater than that of the 
untreated specimens. 

Later Investigations 

Beginning in 1935, freezing-and-thaw- 
ing tests were made on 3 by 6- in. con- 
crete cylinders which had been standard- 
cured up to the age of 5 months. These 
specimens were subjected to thirty 
24-hr. cycles of freezing and thawing, 
each cycle divided into freezing in water, 
at 0 F. for 16 hr. and soaking in water, 
at 70 F., for 8 hr. The containers for 
the specimens were individual tin cans, 
3| in. in diameter by 6|* in, long, filled 
with water. After each cycle, the speci- 
men was inverted. The specimens were 
wire-brushed after each 10 cycles. At 
the end of the 30 cycles of treatment, 
each specimen was rated as to appear- 
ance, by three independent observers, 
and its loss in weight and compressive 
strength were determined. The strength 
was compared with that of correspond- 
ing specimens which had been continu- 
ously moist-cured under standax-d condi- 
tions. The number of cycles was not 
sufficient to produce appreciable losses 
in weight, and there was little difference 
in condition as rated by visual inspec- 
tion. All specimens were of a relatively 
rich mix (1 : 5.6 by weight), the variable 
being the 'type of cement. The ratio 
of the compressive strength of treated 
specimens to that of corresponding 
untreated specimens varied from 0.65 
to 1.00. 

In 1939, the practice of quick freezing 
at —18 F. was begun. The concrete 
specimens were 3 by 6-in. cylinders 
containing end gage plugs for measuring 
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changes in length. The treatment con- 
sisted of two 4-hr. cycles a day for six 
days a week, freezing at —18 F. for 

2 hr. and thawing (as described later) 
at 70 F. for 2 hr. At night and on 
Sundays, the specimens were stored in 
water at 70 F. Later, the daily treat- 
ment consisted of four 2-hr. cycles, 
freezing at —18 F. for 1 hr. and thawing 
at 70 F. 'for 1 hr. 

The last-described cyclic treatment 
is the one generally employed at the 
present time, tests being started at the 
age of either 3 or 5 months. After 
water-soaking, the specimens are placed 
in a sheet-metal container, 
diameter by 30 in. long, three specimens 
to each container. There is no water 
surrounding the specimens. The con- 
tainer is then placed in a bath of circu- 
lating brine at —18 F. After each 
period of freezing, the containers are 
removed from the brine bath, and the 
specimens are thawed by immersing 
the containers in water at 70 F. 

Figure 13 shows a group of the con- 
tainers, 12 of which are immersed in the 
water bath. Figure 14 is a photograph 
of the brine- tank installation. The 
capacity of this installation is 150 of the 

3 by ^in. cylinders. 

At the end of each 12 cycles, the 
specimens were weighed, inspected for 
visual indications of disintegration, and 
observed for length changes by means 
of a dial-gage extensometer. The tests 
were continued until the specimens 
exhibited a 25 per cent loss in weight. 
The number of cycles required to produce 
increases in length of 0.5, 1.0, and 1.5 
per cent were observed, as were also 
the number of cycles to produce losses 
in weight of 5, 15, and 25 per cent. Also, 
the number of cycles necessary to 
produce an appearance rating of 5 was 
determined, using a rating of ''Excellent, 
9; Good, 7; Fair, 5| Poor, 3; and Very 


Poor, 1.” Fair correlation was found 
to exist between the number of cycles 
required to produce 25 per cent loss in 
weight and that required to produce 1 
per cent increase in length. Also, there 
was found fair correlation between the 
appearance rating of 5 and the loss in 
weight of 15 per cent. The specimens 
were considered as having failed in freez- 
ing and thawing when the loss in weight 
reached 25 per cent. 

In recent investigations, length 
changes have not in general been ob- 
served, and the rating as regards freez- 
ing-and-thawing resistance has been 
based on the number of cycles required 
to produce 25 per cent loss in weight 
plus visual inspection by three inde- 
pendent observers. 

For concretes containing aggregates 
which have exhibited what is normally 
regarded as satisfactory resistance to 
freezing and thawing in field structures, 
the number of cycles required to produce 
25 per cent loss in weight is 100 or 
more. Corresponding concretes con- 
taining air-entraining agents may re- 
quire more than 600 cycles. 

Dynamic Modulus op Elasticity 

In 1941, studies were begun to deter- 
mine the effect of freezing and thawing 
on the dynamic modulus of elasticity. 
For these tests the specimens were 2 
by 2 by 10-in. concrete bars containing 
end-gage plugs for measuring changes 
in length and a metal retainer in the 
middle of the top surface of the bar by 
means of which the sonic hammer was 
directly connected to the bar (Fig. 15). 
The freezing-and- thawing treatment was 
the same as that for the 3 by 6-in. 
cylinders previously described. After 
every 15 cycles of freezing-and-thawing 
treatment, observations were made to 
determine change in length, loss in 
weight, and dynamic modulus of elastic- 
ity. For one group, the freezing-and- 
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thawing treatment was terminated after 
100 cycles, when, in addition to deter- 
minations of change in length, loss in 
weight, and dynamic modulus, the 
static modulus was determined. Com- 
parisons were made between d 3 mamic 


in length; but no such degree of correla- 
tion was found between loss in weight 
and dynamic modulus. 

At the beginning of the freezing-and- 
thawing treatment, the d 3 aiamic modulus 
* was found to be about 5 per cent greater 




15. — Dynamic Modulus Specimen. 


Fig. 16, — Sonic Analyzer. 


modulus and static modulus, between 
dynamic modulus and loss in weight, 
and between dynamic modulus and 
change in length. As in previous tests, 
excellent correlation was observed to 
exist between loss in weight and change 


than the static modulus; after 200 cycles 
of freezing and thawing, the dynamic 
modulus was found to be about double 
the static modulus. 

Figure 16 is a photograph of the sonic 
apparatus used in determining the dy- 
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namic modulus. The bars are sup- 
ported on wires at the nodal points. 
The specimen holder is designed to 
accommodate bars of various sizes and 
lengths. Vibrations are imparted to the 
specimen by means of a sonic hammer 
actuated and controlled by means of an 
audio oscillator. A phonograph- type 
pickup is used in connection with an 
oscilloscope to observe the amplitude 
of the vibrations. The frequency is 
controlled by an audio oscillator and is 
adjusted until the natural frequency of 
the bar is reached, at which time the 
amplitude becomes a maximum for the 
given power input. 

Discussion 

Reviewing past practices, it appears 
that either loss in weight or increase in 
length is a reliable index of the resistance 
of concrete to freezing and thawing, with 
little to choose between, the two methods. 
For the majority of concretes tested, 
substantial increases in length are ob- 
served to take place before disintegration 
becomes appreciable, and for this reason 
it is believed that where time is limited 
and a quick estimate of weathering 
resistance is desired, concrete may best 
be rated by length changes. There 
appears to he fair correlation between 
O.S per cent expansion and 25 per cent 
loss in weight.' Generally the number 
of cycles required to produce 25 per 
cent loss in weight is roughly double 
that required to produce 0.5 per cent 
expansion. For exploratory tests, made 
for the purpose of selecting materials 
or combinations of materials which 
may be expected to give a good account 
of themselves under severe weathering 
conditions, it is suggested that in the 
interests of time and economy, the 
number of cycles required to produce an 
increase in length of 0.5 per cent might 
be made the basis of rating for prelimi- 
nary selection. Those materials or com- 
binations of materials which were selected 


on this basis might then be further rated 
on the basis of the number of cycles 
required to produce disintegration as 
measured by 25 per cent loss in weight. 
The disadvantage of' rating by increase 
in length lies in the larger cost of manu- 
facture of specimens since all such speci- 
mens require gage-plug installations. 

As a test specimen, the 3 by 6-in. 
cylinder seems to be -satisfactory for 
most work; and as compared with the 
6 by 12-in. cylinder it has the advantage 
of economy, both in manufacture and in 
testing. 

Because of the time factor involved 
in making the tests, quick freezing for 
short periods is desirable, and there 
appears to be no evidence that the 
disruptive actions thus produced are not 
representative of corresponding dis- 
ruptive actions that may be expected 
to take place over a much longer period 
of time under the conditions of the slower 
freezing rate and the longer freezing 
period ordinarily encountered in field 
structures. 

If thin metal containers of only slightly 
larger diameter than that of the speci- 
mens are used, there appears to be little 
advantage in filling the space between 
container and specimens with water in 
so far as acceleration of disintegration 
in concrete is concerned, provided the 
specimens are immersed in water after 
each freezing period. The advantage 
of leaving this thin annular space between 
the container and specimens filled with 
air during the freezing periods lies in 
the quicker thawing of the specimens 
and elimination of radial compressive 
stresses which would otherwise be set 
up within the specimens due to the 
contraction of the container at tempera- 
tures below the freezing point , of water 
and due to the expansion of the ice 
between the container and the specimens 
at the lower temperatures. If the space 
is filled with water and if the walls of the 
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container are thin ^ which is desirable, for 
quick freezing, the container will pro- 
gressively increase in diameter due to the 
expansive forces set up by the ice during 
each freezing period. In this way a 
variation of test conditions is introduced 
which may considerably affect the freez- 
ing rate and thus may make questionable 
the comparability of the results of one 


series of tests with those of a later 

series. 

Though our investigations have been 
too limited to justify any final conclusion, 
the results of tests so far undertaken 
indicate that, in general, length change 
is a better criterion to freezing-and- 
thawing resistance than is change in 
dynamic modulus. 


Prepared by A. T. Goldbeck^ 


In the laboratory of the National 
Crushed Stone Association, freezing- 
and-thawing tests on concrete have 
always been conducted by the use of a 
cabinet type of freezer. The original 
machine used was a standard six-com- 
partment ice cream cabinet, and when it 
became necessary to replace this unit a 
special cabinet was purchased consisting 
of a, tank 2 ft,, 4 in. wide, 3 ft., 4 in. 
long, aud 24 in, deep, surrounded with 
6Jn. of cork insulation and provided 
with three separate liinged covers made 
of metal and filled with 6 in. of cork. 
The water-cooled compressor is driven 
by a 1 hp. motor and employs Freon as 
the refrigerant. This is conveyed 
through pipes arranged in the form of 
horizontal coils surrounding the inner 
vertical walls of the cabinet. The freez- 
ing compartment is partially filled with 
a mixture of water and one of the alcohol 
anti-freeze liquids commonly used in 
automobile radiators, 

, We have used a variety of^ sizes and 
shapes of concrete specimens, but in all 
cases .these have been placed in galva- 
nized iron containers, 6| in. square and 
20 in. in height. We have experimented 
with a variety of freezing-and-thawing 
conditions, including freezing with the 
specimens totally immersed and thawing 
either in the air of, the laboratory, in 
water initially at 70 F, . or in water at 
40 F, 


.^ Engineering Director,, National Crushed Stone Assn., 
Washington, D. C, 


We have also used the method of 
freezing the specimens in air and thawing 
in water at 70 F., and that is our present 
procedure. The temperature of the 
alcohol brine, in general,- ranges from 
approximately zero to approximately 
— 10 F. If the load in the cabinet is 
heavy, the temperature may reach a 
maximum of +10 F. 

Our cycle of freezing and thawing 
consists of approximately 16 hr. of 
freezing and 8 hr. of thawing. As the 
result of our' experience during the past 
IS yr., we believe that the most satis- 
factory procedure is to place the 
thoroughly soaked specimens in our 
immersion cans with no water in the 
cans except that which drips from the 
specimens. There is then an air space 
of about I in. surrounding the specimens 
if they are 6 by 6-in. square beams as 
sometimes used. , The cans are covered 
with a metal cap having a rubber gasket. 
This cover has been found necessary 
to prevent alcohol vapor from condensing 
on top of the specimens. At the end of 
the 16-hr. period the cans containing 
the specimens are removed from the 
cabinet by the use of a small block and 
tackle and are placed in water or held 
under running water until the specimens 
are free at the bottom and can be slid 
out into a tank of. water at room 
temperature. 

Our freezing specimens are provided 
with brass plugs set on a 10-in. gage 
length ^ on opposite ^ sides to permit of 
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taking readings with a Whittemore 
strain gage. The brass plugs are usually 
made of I or i^-in. brass rod in which 
grooves are filed for better mechanical 
bond. These plugs are either molded 
into the concrete specimens or are set 
into the concrete at a later stage in 
holes drilled in the concrete for that 
purpose. A carbide tipped drill is excel- 
lent for this purpose. Very dry neat 
cement paste is used as the cementing 
medium. 

, Strain gage readings are taken im- 
mediately before the freezing test is 
started and generally at intervals of 
ten alternations of freezing and thawing. 
These readings are made when the 
specimens are at a temperature of 70 F. 
as the result of long immersion in water 
at that temperature. We have found 
this procedure to be very satisfactory 
and when the brass plugs are firmly 
cemented in the concrete we have found 
that the Whittemore strain gage gives 
excellent results and the expansion of 
the concrete produced as the result of 
freezing and thawing has been found 
to be an excellent criterion of the effect 
of freezing on the strength of the con- 
crete. The greater the permanent ex- 
pansion of the concrete specimen, the 
greater will be its percentage of loss 
ill beam strength. Our tests are not 
extensive enough at this stage to tie in 
the loss in beam strength with the 
expansion of the concrete, but this rela- 
tionship could be very readily deter- 
mined. 

As can be seen from this description, 
the National Crushed Stone Assn, 
apparatus and method are simple and 
can be employed in almost any concrete 
testing laboratory. The method is free 
of frills and can be performed by a 
laboratory assistant in a routine way. 

In order to. increase the capacity of the 
freezing apparatus, we have lately been 
using sawed specimens 3 in. square and 


12 in. long. Generally, these specimens 
are sawed from 6 by 6-in. beams resulting 
from the making of beam tests. Plugs 
are inserted as usual and strain gage 
readings are taken to determine the 
extent of deterioration as revealed by 
expansion. These specimens are highly 
satisfactory and have the advantage 
of quadrupling the capacity of our 
freezing apparatus. For the sawing 
of these specimens, we use a standard 
wood band-saw, except that we have 
replaced the toothed wood saw with 
a 1 by i^-in. plain band of soft iron and 
we have introduced a countershaft for 
reducing the speed of the saw. The 
specimen is fed with slight pressure 
against the band and water is allowed 
to drip slowly through a stream of 
carborundum which is carried against 
and, in part, becomes embedded in the 
soft iron of the saw. This method is 
somewhat slow, but nonetheless it is 
effective. A 6 by 6-in. beam can be 
sawed in half in from 30 to 45 min., 
depending upon the hardness of the 
aggregate. 

Referring to Mr. Withey’s paper, there 
is one point I should like to make regard- 
ing the mixing of the concrete with the 
type of mixer illustrated. Such a mixer 
is difficult to clean thoroughly after the 
mixture is dumped, and it is surprising, 
how much mortar will remain in the 
drum. In a recent series of tests it was 
found that 9 per cent of the total mortar 
in the mix remained after dumping and 
partial scraping and consequently the 
resulting concrete did not have the 
proportions used in the original batch. 
When it is considered that it is principally 
fine material which remains in the 
mixer, failure to recover it may introduce 
a large source of error, especially when 
air-entraining cements are used. 

As a result of this experience, I should 
advocate that the mixer drum be given 
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an initial ^buttering” by the use of a 
small batch of concrete of the same 
proportions used in making the speci- 
mens. Then, when the batch to be 
used for making specimens is dumped, 
this batch should be weighed and any 
deficiency in weight should be made up 
by scraping the required weight of 
mortar from the mixer drum. If this 
procedure is used, the final batch will 
have more closely the quantities which 
were originally weighed out than can be 
obtained by starting the mixing opera- 
tion with a clean mixer. 

Suggestions eor Investigation 

One of the disadvantages of the 
freezing-and-thawing test is the length 
of time required to obtain significant 
results. In service, concrete may be 
subjected to a long period of relatively 
low temperature with daily rises in 
temperature which probably thaw a 
certain depth of the concrete, but this 
thawing may not extend deep enough 
to produce complete thawing. What 
would be the effect on freezing-and- 
thawing specimens if this incomplete 
thawing condition were simulated? For 
illustration, suppose the specimens were 
first completely frozen for 16 hr., then 

PlCEPARED BY 

During recent years several series of 
tests have been performed in the labora- 
tory of the Missouri State Highway 
Department in which the resistance of 
concrete to freezing and thawing has 
been studied. The objective of these 
tests was two-fold; first, to develop a 
test procedure which would give results, 
accelerated, but comparable to the 
observed service record of concrete 
pavements containing different t3q)es 
of coarse aggregates; and, second, to 

8 Engineer of Materials, Missouri State Highway De- 
partment, Jefferson City, Mo. 


partially thawed for a relatively short 
time, say 30 min. or 1 hr. in water at 
room temperature, then given short 
cycles of freezing and thawing sufficient 
only to affect the surface. In this way 
some three or four or more cycles could 
be obtained during a day’s run. When 
it became necessary to make sonic 
modulus tests or expansion measure- 
ments, complete thawing would be 
brought about by longer immersion, 
after which the short cycles would again 
be continued. 

It has seemed to us that surfaces 
that are molded against oiled forms 
have a tendency to be more resistant 
than trowelled surfaces or surfaces 
formed by exposing the interior of the 
concrete by sawing. This point needs 
further investigation. 

In general, it would seem desirable 
to conduct a freezing-and-thawing test 
with less labor than is now necessary 
for the handling of specimens. For this 
reason, it is believed that there may be 
considerable merit to the type of machine 
which permits of freezing and thawing 
without removal of the specimens from 
the freezing chamber, except at intervals 
for the making of the necessary deter- 
minations for extent of failure. 

F. V. Reagel*^ 

use this test procedure in Evaluating 
various methods of improving the re- 
sistance to freezing and thawing of 
concrete containing certain coarse ag- 
gregates. 

The test procedure outlined below 
was adopted several years ago as the 
procedure showing the best indications 
of fulfilling the above requirements, 
and has been used as a standard in all 
succeeding series. In these series of 
tests an attempt was made to eliminate 
the cement and fine aggregate as 
variables by using cement from one 
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mill and fine aggregate from one source. 
The fine aggregate was separated on the 
No. 16 sieve and used in an air-dry 
condition. The coarse aggregates were 
separated into three sizes: li in. square 
opening to . 1 in. square opening, 1 in. 
square to | in. square, and | in. square 
opening to No. 10 and used in a saturated 
condition. The cement factor, (1.45), 
the consistency (2J to 3|-in. slump),- 
. and the quantity of / coarse ' , aggregate 
(43 per cent) per, unit volume of con- 
crete were kept as nearly constant as. 
possible. The beams, 3| by 4| by 16 in. 
in size, have been tested in sets of four. 
In most series, two sets of beams were 
made for each variable, and each beam 
in a set was made on a different mixing 
date. The concrete was mixed 30 sec, 
dry and 2 min. wet in an SW Lancaster 
mixer (one plow used). The beams 
were stored in the moist room -for 7 
days, and in water for either 21 or 28 
days. - When 28 or 35 days old, control 
beams were broken in flexure, on 14-in. 
span using center point loading, and 
be.ams to be frozen and thawed, were 
frozen in air at O F. and thawed in water 
at 40 F. The beams were placed in the 
cold room about | in. apart on f-in. 
dowels which were fastened to wooden 
racks, the majority of which were 
supported on cooling coils. No attempt 
was made to rotate systematically the 
beams in the cold room, as the rate of 
cooling has ■ been determined' to ' be 
approximately the same at all points in 
the cold room. However, since- one 
3|-in. face of the beams was nearer the 
cooling coils, it has been the policy to 
place the beams on the shelves with the 
top surface up on odd cycles and down 
on even cycles. 

Originally two equal cycles of 10 hr. 
in the cold room, and 2 hr. in the thawing 
tanks were obtained daily. Recently, 
the time in the cold room has been 
decreased to S hr. for one cycle, and 


increased to 15 hr, for the other cycle. 
Work on Sundays and holidays has been 
eliminated by leaving the beams in the 
cold room, 

A continuous record of the internal 
temperature of the concrete specimens 
during the freezing-and-tliawing test 
was obtained by electrically measuring 
and; recording the internal temperature 
of a control beam. 

To trace the progress of disintegration 
of the beams during the freezing-and- 
thawing test, . the fundamental fre- 
quency of vibration of each beam was 
determined, with electrical apparatus, 
after specified cycles. Freezing and 
thawing of an individual beam was 
stopped when sufEcient change in, the 
■fundamental , frequency, had ^ occurred 
,to cause SO per cent reduction, in dynamic 
modulus , or when the beam, . had been 
subjected to a specified number of cycles. 

The progress , .of disintegration has 
also been traced by ' measuring the 

■ change in length of a lO-in. span on both 

■ the top,. and bottom .of the specimens. 
The difference in expansion of t.he bottom 
and top of beams has been he,lpful in 
studying the effect of different curing 
procedures and of entrained air. 

As ' a yardstick of relative durability, 
one, coarse .aggregate having a good 
service record has been tested in all 
series. By plotting percentage loss, in 
dynamic modulus versus cycles of freez- 
ing and thawing, and comparing other 
curves with that for the standard coarse 
aggregate, a fair evaluation of results 
can usually be made. If, there is con- 
siderable difference in the flexural 
strength of the various concretes, then 
calculated values of the flexural strength 
v&rsus -cycles of freezing and thawing 
are plotted, and these curves are also 
'used in evaluating the results. Also 
durability factors, which give a numerical 
value for the curves representing per- 
centage loss' in dynamic modulus versus 
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cycles of freezing and thawing; have 
been calculated and used in making 
comparisons of results obtained. How- 
everj none of these methods is considered 
universally satisfactory. 

The results obtained with this freezing- 
and- thawing procedure have not always 
been as uniform as^desired^ nor has the 
difference' in rate of breakdown for the 
various concretes containing saturated 
coarse aggregates always been sufficient 
to justify unqualified conclusions. In 
general, however, the results obtained 
with concretes containing normal ce- 
ments are in fair agreement with the 
service record of comparable concretes 
in pavements. This does not necessarily 
mean that this test procedure can be 
used to evaluate all suggested methods 
of improving the resistance of concrete 
to freezing and thawing. Thus in in- 
vestigating methods of improving the 
resistance of concrete to freezing and 
thawing, it has seemed desirable to use 
several methods of curing the specimens, 
as well as to use the coarse aggregates 
in a saturated and a partially saturated 
condition. In two recent series in which 
eleven coarse* aggregates were tested 
withjiormal and air-entraining cements, 
four methods of curing were used. These 
curing methods were: 

(a) 7 days in the moist room and 28 
days in water, 

(b) 7 days in the moist room and 28 
days in an outdoor pit where the tops 


of the beams were exposed to the weather 
and the bottoms of the beams were kept 

wet, 

(c) 7 days in the moist room and 357 
days in water, and 

(d) 7 days in the moist room and 357 
days in the outdoor pit. 

Although one of these series has not 
been completed, certain indications have 
been obtained from the data collected 
to date. These are summarized as 
follows: 

1. The method of curing and the de- 
gree of initial saturation of the coarse 
aggregates have a considerable effect, 
not only upon the rate of breakdown of 
any specific concrete, but also upon the 
relative resistance of the various con- 
cretes. 

2. It may be necessary to use more 
than one test procedure to obtain suf- 
ficient information to determine the 
relative resistance of several concretes 
to the freezing and thawing that may 
occur under service conditions. 

3. None of the test procedures used 
has greatly improved the uniformity 
of the results obtained with supposedly 
comparable specimens. 

4. Although the methods of measuring 
the disintegration of the concrete during 
the freezing-and-thawing test appear 
to be satisfactory, there is still need for 
a method of evaluating the results ob- 
tained in terms of durability under 
service conditions. 


Prepared by Bailey Tremper® 


Freezing-and-thawing tests were 
started in 1943 in the laboratory of the 
Washington State Department of High- 
ways, in the thought that such tests 
should be of assistance in studying an 
alarming degree of disintegration in the 
superstructures of a number of bridges 

^ Matterials Engineer. Washington State, Department, 
of Highways, Olympia, Wash. 


of rather recent construction. Various 
methods that others had used in making 
this test had been under consideration, 
for several years. An effort had been 
made to determine what method would 
correlate best with our field experience. 
Needless to say, there appeared to be 
no direct answer to this question. It 
was thought, however, that freezing 
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in air would be the best approach since 
this duplicated our field condition. 
Based on Reagel’s excellent paper^^ it 
was decided to freeze the specimens to 
0 F. and to thaw them at a low tempera- 
ture, around 40 F. 

The large amount of labor involved in 
handling the specimens during thawing 
by immersion in water led us to the 
decision to thaw them under sprays of 
water. In order to assure equal wetting 
of all specimens, racks were devised in 
which the bars were mounted vertically. 
Figure 17 is a view of such a rack holding 



Fig. 17. — Rack for Freezing-and-Thawing Test. 


thirty 4 by 4 by 20-m. concrete bars. 
There is a nearly unobstructed space 
of 1 J in. between bars. The illustration 
shows thermocouple leads from one of 
the central bars which connect with a 
recording thermometer. Our equipment 
will handle four of these tacks, or a 
total of 120 specimens weighing about 
3500 lb. ■ 

Freezing is accomplished by an over- 
head forced-draft evaporator. The rapid 
circulation of air promotes uniform 


i®F. V, Reagel, “Freezing and Thawing Investiga- 
tions,” Proceedings^ Highway Research Board, Vol. 20, 
p.587 (1940). 


cooling. Thawing is accomplished by 
moving the racks to an adjoining room, 
using a hand lift truck. The racks are 
centered under four shower heads and 
water is sprayed over the bars in a uni- 
form manner. This procedure there- 
fore constitutes a type of test which 
differs from the three listed by Mr. 
Withey. 

Figure 18 is a typical 24-hr, record 
showing two cycles of freezing and thaw- 
ing. The bars are left in the cold room 
overnight where they are cooled to a 
temperature of approximately O F. 
At 8 a.m. they are transferred to the 
thawing room where, under water sprays, 
they reach 40 F. in about 1 hr. This 



Fig. 18. — Typical Temperature Record. 


is the recorded temperature at the 
center of the bars. At this time, how- 
ever, there is a coating of ice about | in. 
thick over the bars. One hour addi- 
tional is required to melt the ice. By 
this time the bars have reached a 
temperature of about 45 F. Our cooling 
water comes from an artesian well and 
has a temperature of about 50 F. It 
is not recirculated but could be if the 
cost of water were an item. At 10 a.m. 
the bars are returned to the cold room. 
They are lowered to 32 F. in about 1 
hr. and reach 0 F. in about 5 hr. At 
3 p.m. the second cycle of thawing is 
started and they are returned to the cold 
room at 5 p.m. where they remain over- 
night. Two cycles are completed daily 
including Sundays and holidays, except 
that on each seventh day, one cycle is 
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omitted while measurements of weight 
and d3mamic modulus of elasticity are 
being made. Length changes have been 
measured in smaller specimens of 10-in. 
gage length, but not in the 20-in. bars 
we have mostly used. 

Soon after we started these tests we 
made comparisons with the results ob- 
tained by the method used by the Mis- 
souri Highway Department. The only 
change we made in our procedure was to 
thaw the bars by immersing them in 
water instead of subjecting them to 
sprays of water. Figure 19 shows the 
difference in results between the two 
methods. In our method, the concrete 



Fig. 19. — Comparison with Missouri Cycle. 


was affected very little by 78 cycles, 
whereas the Missouri cycle damaged it 
severely. The difference is thought to 
lie in the fact that immersion forces 
more water into the bars because of the 
slight hydrostatic head to which they 
are subjected. 

Figure 20 shows that, in spite of the 
apparent mildness of our procedure, we 
are able to produce severe failure in some 
concretes. Fifteen cements are repre- 
sented on this chart, all combined with 
the same aggregate. Note that the 
concrete made with five of the cements 
was decidedly lacking in resistance. 

It should be explained that the pre- 
treatment of the specimens represented 


in this chart consisted of 28 days moist 
curing at 70 F., 78 cycles of freezing and 
thawing, then 6 months additional 
moist storage. None of the specimens 
was affected significantly in the prelimi- 
nary run of freezing and thawing, and 
the slope of the plotted curves indicated 
that all would remain resistant through 
a very large number of cycles. We have 
found this condition frequently in our 
work. Certain combinations of cement 
and aggregates that appeared durable 
initially have failed rapidly when re- 
tested after additional moist storage. 
On the other hand, other combinations 
have been highly resistant in the second 



Cycles of Freezing ond Thawing 
Fig. 20. — ^Typical Test Results. 

run. Time does not permit going into 
further details. We have not arrived 
at a reasonable explanation of the 
mechanism that takes place. 

In general, the procedure used in our 
laboratory appears to give better agree- 
ment between individual specimens than 
is reported by Mr. Withey. Probably 
this is the result of a slower rate of 
attack in our method. Nevertheless, 
in about 15 per cent of our tests the 
spread between individual specimens is 
of the same order as shown in Mr. 
Withey’s Fig. 4. The reason for the 
wide divergence among supposedly 
similar specimens is not understood and 
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it is important that .the cause be dis- 
covered and eliminated. 

In our research work, average values 
from four specimens from two batches, 
or three specimens each from a separate 
batch, have shown concordant trends 
and have warranted rather definite con- 
clusions. If the test were to be used for 
specification purposes, however, I agree 
with Mr. Withey that a larger number 
of specimens should be used. 

Figure 21 shows the degree to which 
the results can be duplicated. The solid 
lines represent tests made with three 
cements. A, B, and C, in 1943. The 
broken lines represent tests made two 



Fio. 21. — Reproducibility of Test. 

years later with cements from the same 
lots and aggregates from the same pit 
but sampled at a different time. If the 
agreement does not seem as good as 
might be desired, it should be borne in 
mind that the fine aggregate was not 
graded exactly the same in both cases, 
that the water-cement ratio and con- 
sistency were not duplicated exactly, 
and that two years intervened between 
tests. In each group, the three cements 
are in the same order and show roughly 
the same degrees of resistance. 

The question now arises as to how 
well the cycle duplicates the effects of 
natural exposure. For the case we 
have studied, namely, the resistance of 


small bridge members exposed directly 
to the weather, it would seem that there 
is much logic to our procedure. Freezing 
is accomplished in the medium of air, 
as are our bridge members. Thawing 
takes place by sprays: of water at 
relatively low temperature, which is 
similar to the action of rain or melting 
snow. The laboratory specimens assume 
the appearance of the bridge members 
in many respects. Pop-outs occur when 
particles of unsound aggregate are near 
the surface. Patterns of surface cracks 
similar to, but on a smaller scale than 
on the larger bridge members, become 
evident during the tests. Brown de- 
posits develop along cracks in affected 
laboratory bars and they have much the 
same appearance as on similar concrete 
in the field. 

Where we have both good and bad 
examples of bridges containing alkali- 
reactive aggregates under severe 
exposure, we have been able to develop 
similar distinctions in the laboratory. 
Our tests also show poor resistance for 
those combinations of cement and non- 
reactive aggregates that have given 
poor service in structures. Laboratory 
bars made with other cements and the 
same aggregates show good resistance, 
but unfortunately we do not have equiva- 
lent concrete in the field for comparison. 

In order better to compare our test 
results to natural field conditions we 
have exposed parallel groups of bars 
to outside weathering in a mild climate 
and at a location where severe winter 
conditions prevail. Bars from the same 
groups have been subjected to the 
laboratojy freezing-and-thawing test. 
These bars comprise many combinations 
of cement and aggregates. They have 
been exposed outside for only two and 
three winters and there- has not been 
time for, much deterioration to take 
place. The indications to date, how- 
ever, are such as to inspire confidence in 
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the belief that the laboratory test will 
predict the future relative condition of 
those bars that are exposed to severe 
outside weathering. 

In conclusion let me stress that the 
aggregates used in our tests have not 
been unsound but on the contrary have 
been of excellent quality judged by 
customary standards. The cements 
used, likewise, have conformed to stand- 


ard 'specifications. It has been only 
with unfavorable combinations of these 
materials that our freezing-and-thawing 
test has indicated a lack of resistance 
that appears to explain our difficulties 
in the field. To what extent it would 
aid in solving problems of poor durability 
due to other causes I am unable to say. 
I do feel, however, that the method 
merits trial in other laboratories. 


Prepared by Rudolph C. Valore, Jr^i 


Freezing-and-thawing studies of con- 
crete have been carried on at the National 
Bureau of Standards continually for 
more than 20 yr. These studies fall 
into general groups: (a) attempts to 
evaluate the effect of the constituent 
materials or methods of fabrication 
of concrete specimens on the relative 
durability; (b) studies of test methods 
and of means of measuring the degree 
of disintegration; and (c) studies of the 
mechanism of disintegration of con- 
cretes under the action of freezing and 
thawing. 

To the construction engineer, ^ dura- 
bility*^ is usually synonymous with the 
ability of a material in a structure to 
withstand the destructive effects of 
weathering. It is usually for the purpose 
of predicting this ability that freezing- 
and-thawing tests are made. What 
is actually determined in the laboratory, 
however, is the relative ability ^ of 
specially fabricated samples to withstand 
the effects of rapid and continuous 
alternations of artificial freezing and 
thawing. These effects cannot be ex- 
pected to be consistently similar to the 
effects of outdoor exposure. Other 
weathering processes, such as wetting 
and drying, and daily cyclical tempera- 
ture changes without freezing or thaw- 
ing, Also are known to affect concrete. 

Materials Engineer, National Bureau of Standards, 
Washington, D. C. 


Therefore, the freezing-and-thawing tests 
purport to measure only one phase of 
concrete durability. It has not as yet 
been found possible reliably to estimate 
durability from an analysis of any of the 
more easily measured physical properties 
of concrete. 

Freezing-and-thawing procedures pres- 
ently in use at this Bureau differ widely 
from those described by Tucker, Walker, 
and Swenson (1)^^ in reporting work 
done at this Bureau from 1927 to 1931 
on the physical properties of cast stone. 
In that work the specimens were placed 
in I in. of water in trays which were then 
placed in a room maintained at a temper- 
ature of about 10 F. Thawing was per- 
formed by immersion of the specimens 
in water at 70 F. One cycle of freezing 
and thawing was performed each day and 
criteria for failure were loss in weight and 
various types of visible signs of disinte- 
gration. The correlation between re- 
sistance to freezing and thawing and the 
several physical properties of the cast 
stone was described as “very poor.^’ 

Subsequent procedures have shown an 
increasing emphasis upon acceleration 
of the freezing treatment. Present pro- 
cedures, described in detail elsewhere 
in this report, in which specipiens are 
placed in water in rubber containers 


The boldface numbers ia parentheses refer to the 
references appended to this paper, see p. 1238. 
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which are iuunersed in liquid at temilera- 
tures as low as —20 F., bear little 
resemblance to natural freezing and 
thawing. This severe treatment is justi- 
fied for reasons of expedience. The 
time and the cost would be too great 
to justify the use of a mild treatment 
more closely simulating natural proc- 
esses, especially since the advent of 
the highly resistant aerated concretes. 
However, until precise methods are 
developed for the measurement of those 
properties of concrete most certainly 


dividually or in combination. Tests of 
concrete containing any material in 
question are accompanied by tests of 
specimens containing materials of known 
performance whenever it is possible to 
do so. 

Studies have been made of test meth- 
ods, including fabrication and curing 
procedures, and of the effects of varying 
rates of temperature change. Funda- 
mental experiments upon the volume 
changes in concrete during freezing and 
thawing, as part of a more general study 



Fig. 22.— Schematic Plan of Concrete Freezing Equipment. 


correlated to durability, test methods 
must, because of economic expediency, 
continue to be developed along empiri- 
cal lines. 

Scope of Freezing-anb-Thawing 
Studies 

Freezing-and- thawing tests at the 
National Bureau of Standards are made 
primarily for the purpose of differentiat- 
ing among the relative durabilities of 
various cements, aggregates, or admix- 
tures as they appear in concrete, in- 


on. the mechanics of freezing and thaw- 
ing, are in progress. In addition, in- 
vestigations have been made for the 
purpose of measuriug with greater pre- 
cision the many intended, inherent, and 
accidental variables in concrete. Among 
these variables the percentage of satura- 
tion, porosity, permeability, quantity of 
freezable water, air content in plastic 
concrete, and the specific heat of moist 
concrete in subfreezing temperatures 
become increasingly important in freez- 
ing-and- thawing work. 
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Fig, 23. — Scliematic Elevation, Concrete Freezing Equipment, Showing Main Tank and Two Types 

of Specimen Freezing Tanks. 


Freezing-and-Thawing Equipment 
AND Procedures 

Operation of Refrigeration Equipment: 

Equipment in use at this Bureau since 
1938 for freezing specimens of concrete 
is shown schematically in Figs. 22, 23, 
and 24. Refrigeration is obtained by 
means of ammonia expansion into coils 
situated in a main cooling tank. The 
specimen cooling medium now in use 

Secondary 



is a nonflammable mixture of ethylene 
glycol and water, although an alcohol- 
water mixture was originally and may 
again be used. The liquid is pumped 
from the main tank into the piping 
system, up through the bottoms of the 
individual specimen freezing tanks, so 
that it overflows back into the main 
tank, to complete the liquid circuit. 
This is shown in Fig. 23. Figure, 22 
shows the schematic arrangement of the 
tanks and piping system. Under the 
arrangement described the temperature 
of the liquid in the individual tanks 
varies only with temperature variations 
in the main tank. This temperature is 
controlled by means of a thermostatic 
expansion valve in series with a solenoid 
valve in the ammonia supply line, as 
indicated in Fig, 22. 

An alternative, providing a desirable 
flexibility of operation, is used in the 
operation of tanks numbered 1 through 
5 (see Fig. 23). Each of these tanks 
is provided with secondary cooling coils 
through which the cold liquid, acting as 
refrigerant, is pumped from the main 
tank. No liquid is pumped through 
the individual tank itself, but instead, 
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a definite quantity of liquid is contained 
in. the tank* A vertically mounted 
electric mixer provides the necessary 
circulation around the coils and within 
each tank. The temperature of the 
liquid in each of these tanks may be 
automatically controlled by means of a 
solenoid valve in each secondary cooling 
coil line operated by individual gas 
bulb temperature controllers. As ordi- 
narily used, the temperature of the liquid 
in the main tank is maintained at —20 
it 2 F. and any desired temperature 
between —10 and +40 F. may be main- 
tained in each of the five individually 
controlled tanks. This arrangement 
makes it possible to cool simultaneously 
several groups of specimens at different 
rates, and the equipment in general is 
easily adaptable to experimental work 
upon variables in freezing procedure. 

Thawing is ordinarily done by im- 
mersion of the specimens in water in a 
tank of about 300-gaL capacity, the 
temperature of which is controlled manu- 
ally at 70 zfc 2 F. by mixing cold water 
and steam. Circulation within the tank 
is provided by means of a centrifugal 
puijip. As an alternative, thawing may 
be done in any of the individual freezing 
tanks described in the preceding para- 
graph when thawing temperatures below 
40 F. are desired. 

Mixing^ Fabrication, and Curing of Speci- 
mens: 

Under present testing methods, moist 
3'ggi'^g^l^s are used. The moisture is 
determined by evaporation, and proper 
corrections in the mix proportions are 
made prior to mixing. 

Mixing and fabrication of specimens 
are done in a constant- temperature 
laboratory maintained at 70 ± 2 F. 
The materials are mixed for a period of 
2 min., allowed to stand for 1 min., and 
mixed again for 1 min. in a tilted drum 
mixer of 3 cu. ft. capacity, rotating at 
22 rpm. Slump, flow, and density 
measurements are made upon eadi 


batch. Air in the plastic concrete is 
determined by the Pigman method (2) 
when it is desirable to measure this 
property. 

The molds, coated with a very thin 
film of light grease and sealed watertight 
with a stiff graphite grease, are filled 
in two equal layers. Each layer is 
rodded 30 times and each vertical cast 
surface is spaded; the excess material 
at the top of the mold is then struck off 
by using a transverse sawing motion with 
a f-in. steel rod. The mold is then 



Fig. 25. — Rack for Holding Rubber Bags 
Containing Concrete Specimens. One bag is 
clamped shut in the rack as it is during freezing- 
and-thawing treatments. Another bag stands 
with its top open. The third bag is shown with 
specimen protuding. This rack wdll hold six 
specimens. 

covered with damp burlap. The ex- 
posed face of the specimen is trowelled 
smooth after bleeding has ceased. The 
specimens remain in the. constant- 
temperature room, covered with damp 
burlap, for 24 hr., after which they are 
removed from the molds and transferred 
to a fog room which is also maintained 
at a temperature of 70 + 2 F. After 
6 days in the fog room, the specimens are 
removed to a constant temperature, 
constant humidity room (70 + 2 F. and 
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SO d= 5 per cent _ relative humidity), 
where they are air-dried for 18 days. 
They are then placed in water at 70 
± 2 F. for 3 days so that they are 
ready to undergo freezing-and-thawing 
treatment at the age of 28 days. This 
curing, procedure, however, may be 
varied according to the degree of accelera- 
tion of treatment desired, as in the 
case of certain aerated concretes which 
begin the freezing-and- thawing treat- 
ment at the age of IS days, after having 
been cured for 13 days in the fog room, 


the specimens in a constant-moisture 
condition. Bags containing the speci- 
mens are held vertically in racks in such 
a way that, when immersed, either in the 
freezing or the thawing liquid, the 
external liquid pressure collapses the 
bag against the contained specimen and 
forces out the entrapped air. The 
bags are clamped shut at their tops to 
prevent the accidental interchange of 
liquid between the inside and the outside 
of each bag, as illustrated in Fig. 25. An 
electric hoist is used to transfer the 



Time, min. 


Fig, 26.— Typical Curve for Temperature at the Center of a 3 by 3i by 15-in. Specimen for On 
Complete Cycle of Freezing and Thawing. 


followed by immersion in water for 1 
day. 

Freezing- and-T hawing Treatment: 

The type of specimen used in most 
freezing-and-thawing tests is a 3 by 
31 by 15-in. prism. This prism is 
incased in a snug-fitting rubber bag of 
i^-in, thickness (automobile inner tube 
quality). About one pint of water is 
added, which is sufficient to c6ver the 
entire specimen during test. No water 
is added, however, if it is desired to test 


racks, holding six or eight specimens, 
between the thawing and individual 
freezing tanks. 

Other sizes of specimens have been 
used in freezing-and- thawing work, partic- 
ularly a 2i^g- by 3| by 8iV-in. brick- 
shaped specimen, which is a convenient 
size for test for air permeability in an 
apparatus used at this Bureau (3). 

The type of freezing-and-thawing cycle 
used is varied according to the purposes 
of the tests. A relatively severe treat- 
ment (+70 to — 20 F. in 2 hr.) is used 






Fig. 27, — Sonic Testing Equipment. Specimen has been moved back so that the driving rod 
protruding vertically from the box-like mounting that houses speaker-driver may be seen. Adjust- 
ment of counter-weight brings driving rod into steady contact with specimen. Variable audio- 
oscillator, amplifier and controls, a-c. millivoltmeter, and cathode ray oscilloscope are shown. Also 
shown are other types of specimens used in freezing-and- thawing work. 


presented in Fig. 26. Milder treatments 
have been used (+70 to 0 F., +70 to 
+ 10 F., or +70 to +25 F. in 2 hr.) 
where aggregates or cements are com- 
pared for durability in concrete, since 
the more severe treatment would break 
down the materials too quickly to allow 
precise differentiation to be made. 

Normally a specimen undergoes two 
cycles of freezing and thawing each day 


or fundamental frequency of flexural 
vibration. The specimens are usually 
vibrated in a direction normal to their 
trowelled surfaces. Normally, a speci- 
men is removed from test when its 
dynamic modulus of elasticity, has 
been decreased by 30 per cent from the 
modulus obtained at the start of the 
freezing-and-thawing treatments, or 
when it has withstood a predetermined 


for comparing the efficacy of air-entrain- 
ing admixtures or cements in increasing 
the (laboratory) durability of concrete, 
since a milder treatment would render 
prohibitive the amount of time necessary 
for the accumulation of useful data. A 
typical curve for the temperature at the 
center of a 3 by 3| by 15-in. specimen 
as it undergoes this severe treatment is 


by"immersion for 2 hr. periods alternately 
in|the cold liquid and in the thawing 
liquid, and remains over nights and 
weekends in the thawing liquid. 

Determination of the Ejects of Freezing 
and Thawing: 

The relative “soundness'^ of a specimen 
is determined by obtaining its natural 
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number of cycles (usually 200 or more) 
without reaching this end point. Dy- 
namic E values are usually not com- 
puted, since the percentage change in the 
square of the fundamental frequency is 
identical with the, percentage change in 
dynamic E. Examination for visible 
signs .. of .. disintegration is a necessary 
adjunct to periodic sonic tests, , and 
unusual variations in appearance or 
weight are. recorded into the life h.istory 
of a' specimen. 

The sonic testing equipment used, 
shown in Fig. 27, is of a type com- 
mercially available for concrete testing. 

Proposed Changes from Present 
Procedures 

In the near future the following 
changes in procedural detail are planned: 

{a) The size of the specimen will be 
changed from 3 by 3| by IS in. to the 
size more widely used in other labora- 
tories, 3 by 4 by 16 in. Molds of the 
6“gang type now used will be replaced 
by single-speci,m.en molds. 

{b) The specimens will remain in the 
frozen condition over nights and week- 
ends instead of in the thawed condition.- 
This is a reversion to the practice 
followed 20 yr, ago at this Bureau, but 
which was abandoned in more recent 
years because of the limitations of 
equipment. 

(c)' The thawing temperature will be 
changed from +70 ih 2 F. to +40 
± 2 F, and will be controlled auto- 
matically rather than manually. It has 
been shown that, other things being 
equal, a lowering of the thawing tempera- 
ture accelerates the decrease in dynamic 
£( 4 , 5 ). 

The number of freezing-and- 
thawing cycles administered each day 
will be increased from two to four with- 
out changing the freeziiig 'bath tempera- 
ture for the individual type of cycle as 
used heretofore for .any particular type 
.of test The specimens ...will remain 


immersed in freezing or thawing liquids 
for 1-hr, periods instead of 2-hr, periods. 
Although in certain severe treatments the 
centers of the specimens may be at an 
appreciably higher temperature than 
the freezing bath after 1 hr. of immersion, 
the rate of temperature change will not 
be essentially different from what it is 
for 2-hr. immersion periods if neither 
freezing nor thawing bath temperatures 
are changed. The 1-hr. period is suf- 
ficiently long to allow complete thawing 
of a specimen, even in the more severe 
types of freezhag-and-thawing cycles. 

The purpose of increasing the number 
of cycles per day is to increase the rate of 
disintegration without increasing the 
rate of freezing. 

In addition to the above-mentioned 
changes, the following suggestions re- 
quire further investigation before they 
may become a part of the freezing-and- 
thawing procedures: 

{a) The use of prismatic specimens 
carefully sawed from large concrete’ 
slabs is suggested for certain types of 
freezing-and-thawing studies where the 
present type of specimen with its very 
high proportion of cast (and possibly 
overworked) surface or “skin’’ may not 
be satisfactory. The use of sawed 
specimens might give greater meaning 
to absorption and permeability measure- 
ments than has been previously derived 
from them. Such specimens might also 
provide a sample more truly repre- 
sentative of concrete as it is in a structure 
than that provided by the presently 
used t3q)e of specimen. 

It is further suggested that the effects 
of freezing a single face, while all other 
faces of the prismatic specimen are 
maintained at a temperature above 
freezing, be studied as an approximation 
toward natural freezing conditions. 

{h) Incorporating present procedures 
inlo an entirely automatic system would 
greatly accelerate the testing of con- 
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Crete for freezing-and- thawing dura- 
bility, by increasing more than fourfold 
the number of cycles per unit of time. 
Automatic equipment, operating on the 
liquid immersion principle, as described 
by Wuerpel and Cook (6), and equip- 
ment employing a cold air blast freezing 
treatment and water-spray thawing 
treatment for uncovered specimens, are 
being considered. An advantage of 
automatic methods, apart from savings 
in labor, would be the employment of 
lower rates of temperature change, more 
closely simulating natural freezing, with- 
out increasing the time required for com- 
pletion of tests under more severe treat- 
ments now used in which operations are 
suspended each night and each weekend. 

Conclusion 

There is at present general disagree- 
ment among concrete technologists con- 
cerning the most satisfactory procedures 
for making accelerated freezing-and- 
thawing tests of concrete. 

While results usually show broad and 
general agreement, there is a welter of 
conflict and seemingly inexplicable diver- 
gences in results of tests made upon sup- 
posedly similar materials. It is realized 


that control is necessary in the produc- 
tion and curing of test specimens. But 
this realization must not lead us to expect 
to find in concrete a degree of homo- 
geneity and reproducibility , that is not 
inherent in the material. It is felt that 
our attention should be directed toward 
evolving methods for the precise evalua- 
tion of the variables in concrete that 
often appear to be so greatly magnified 
when translated into resistance to freez- 
ing and thawing. 

One of the aims of research at this 
Bureau has been the development of 
rapid and reliable methods for predicting 
the durabilities of all types of concrete. 
One method, based upon the volume 
changes during only one cycle of freezing 
and thawing, show^ promise in early 
trials. But perhaps it is not inappropri- 
' ate to hope that we may some day reach 
the ultimate — in being able to predict 
freezing and thawing, or even ^‘weather- 
ing” durability without having to do any 
freezing and thawing at all. When we 
are able to reach this stage of develop- 
ment it will be mainly because we shall 
have come to understand fully the com- 
plex mechanism of freezing-and-thaWing 
action in concrete. 
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The National Sand and Gravel Assn. 
Research Foundation at the University 
of Maryland has invested most of its 
time since 1940 in freezing-and- thawing 
tests of concrete. Whether that invest- 
ment is to pay off depends on answers to 
.several quest ionSj most of which have 
been discussed by Mr. Withey. All of 
these questions have to do with inter- 
preting the test results. 

The principal objective of our work 
has been to evaluate the effects of ag- 
gregates of different characteristics on the 
durability of concrete. To that end a 
large number of aggregates have been 
incorporated in concrete subjected to 
freezing and thawing. Most of these 
materials have been gravels, although 
some other coarse aggregates and some 
sands have also been tested. In general, 
materials have been selected from sources 
concerning which something is known of 
their service record. 

Due to limitations of time, this dis- 
cussion will be restricted to coarse ag- 
gregate studies. While procedures have 
been varied widely in special investiga- 
tions, our standard test for evaluating 
coarse aggregates may be described 
briefly as follows: 

1. The coarse aggregate is separated 
into different sizes and recombined to a 
selected grading — generally 25 per cent 
No. 4 to I in., 50 per cent f to | in., and 
25 per cent f to 1 in. 

2. The coarse aggregate, in a room-dry 
condition, is subjected to a vacuum repre- 
sented by a pressure of about 1 cm. of 
mercury for a period of | hr. The 
vacuum is ‘broken” by the introduction 
of water, and the aggregate is kept im- 
mersed for a period of approximately 24 
hr. before being incorporated in the 
concrete, 

3. The concrete used is, convention- 
ally, a well-designed, workable mix of 

13 Director of Enmeeriiig» National Sand and Gravel 
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3 to 4-in. slump and containing 5.5 sacks 
of cement per cubic yard. 

4. The specimens are beams, 3 by 4 by 
16 in., with the 3-in. dimension repre- 
senting the depth as molded. 

5. The specimens are cured in a stand- 
ard moist room for 28 days, followed by 
28-day immersion in water at room 
temperature. 

6. Freezing is in air at 0 F. and thaw- 
ing is in water at 40 F. In order to 
utilize the freezing-and- thawing units 24 
hr. each day, and at the same time per- 
form the work within usual hours, two 
combinations of freezing and thawing 
are used: 17 hr. in the freezer and 7 hr. 
in the thawing tank’; or 7 hr. in the 
freezer and 17 hr. in the thawing tank. 
The test procedure is started by placing 
the specimens in the thawing tank. 
These two combinations are not used 
interchangeably, independent series of 
tests being assigned to each. 

7. The rate at which the concrete 
beams reach 0 F. varies with the effi- 
ciency of the compressor. When the 
compressor is operating at good effi- 
ciency, about 4 hr. is required. De- 
creased efficiency has led to periods as 
long as about 6 hr. This does not quite 
tell the story. Under efficient operating 
conditions the air in the ice box reaches 
0 F. within about 1| hr. ; under inefficient 
operating conditions as long as 5 hr. 
has been required. 

8. The results of the freezing-and- 
thawing tests are evaluated, by deter- 
mining the modulus of elasticity of the 
specimens by dynamic methods. These 
determinations are supplemented by 
flexure tests of the frozen-and- thawed 
specimens, at the selected end point, 
compared with flexure tests of com- 
panion specimens cured under standard 
conditions. 

9. Modulus of elasticity determina- 
tions are made after 1, 2, 3, and 5 cycles, 
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after each 5 cycles thereafter through 50 
cycles, after each 10 cycles through 
200 cycles, and after each 20 cycles 
thereafter. 

10. Freezing and thawing is continued 
until specimens have suffered a loss of 50 
per cent in modulus of elasticity, at which 
time they are broken in flexure. 

Thq testing procedure described is 
quite severe. While some groups of 
specimens withstand failure for several 
hundred cycles, most failures of ag- 
gregates considered good occur between 
50 and 150 cycles, and a very large num- 
ber of failures, for aggregates which have 
been used with apparent satisfaction for 
many years, are at less than 50 cycles. 

In general, three to five specimens are 
made for each condition. The results 
of the dynamic modulus of elasticity, jB, 
tests for companion specimens are aver- 
aged for each cycle read, so long as all 
specimens in the group are under tests. 
When one specimen has been discon- 
tinued, because of having suffered a loss 
of 50 per cent in dynamic E, the averag- 
ing is stopped, but tests are continued on 
the remaining specimens. When all 
specimens in a group have failed, the 
‘‘average last cycle, and the d 3 mamic E 
for it, are computed. That average last 
cycle is the arithmetic average of the 
numbers of the last cycle to which each 
specimen was subjected. The dynamic 
E for the average last cycle is the arith- 
metic average of the last determined 
jB^s. This last point, with few excep- 
tions, fits well on the curve of points 
resulting from averages of all specimens 
at the same number of cycles. The 
averaging procedure described is carried 
out with no attempt to discard discord- 
ant values, except when specimens or 
readings are obviously defective. 

The results of our tests suggest a dis- 
cernible relationship to service record, 
but one so bedevilled with exceptions and 
erratic results that it cannot be said 
to be satisfactorily quantitative. How- 


ever, considerable confidence is had in 
tests, making direct comparisons be- 
tween “unknown” aggregates and one of 
known good service record and good 
uniformity. 

Since I am familiar with difficulties in 
reproducing results experienced " by 
others, at least as well equipped as our- 
selves, I do not hesitate to bare the 
skeleton in our closet. Our '“uni- 
formity” difficulties fall in two principal 
categories: 

1. Lack of agreement among com- 
panion specimens which had been molded 
and handled in as nearly the same 
manner as can be assured by careful 
workmanship. 

2. Lack of agreement among different 
groups of tests made at different times 
on the same and similar aggregates. 

It is to the difficulties in the first cate- 
gory that we have devoted most study, 
although we have not neglected those in 
the second. We have developed some 
interesting leads toward explanations 
and have done much speculation, but 
have arrived at no satisfactory answer. 

Mr. Withey has pointed to the impor- 
tance of the moisture content of the con- 
crete — and he might have added, the 
distribution of the moisture in the speci- 
mens. I reported tests, in a recent un- 
recorded session at the annual meeting of 
the American Concrete Inst., showing 
identical concrete to be broken down, 
under identical freezing-and-thawing 
procedures, in as few as 3 cycles or to 
remain intact for more than 150 cycles, 
depending upon its moisture condition. 
Accordingly, it seems reasonable that 
much of the disagreement in test results 
of supposedly identical specimens, identi- 
cally treated, may be due to uncontrolled 
(perhaps uncontrollable) differences in 
the amount of moisture taken up during 
the thawing operation. 

One group of specimens made with 
three different crushed stones, each 
within itself apparently homogeneous, 
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gave results which were very erratic as 
to the number of cycles required for 
failure of companion specimens. How- 
eveij there was close agreement for all 
specimens between loss in dynamic E 
and changes in moisture content shown 
by carefully measured changes in weight. 
The characteristic ■ action was, first, a 
slight progressive decrease in weight of 
the order of less than 0.2 per cent, 
followed by a gain. By the time the 
original weights of the specimens were 
regained the loss in dynamic E was 
uniformly of the order of 30 to 40 per 
cent. We felt we were on the right track. 
Perhaps we are, but the same type of 
analysis has not held up for other groups 
of tests. However, in such cases, other 
significant factors suggest themselves and 
these studies are being continued. 

The small beams used (3 by 4-in. cross- 
section) may represent a cause of poor 
uniformity, particularly in the case of 
nonhomogeneous aggregates. A single 
unsound piece in one position may do 
great damage and none in another. Re- 
cent tests, where controlled quantities of 
soft stone and shale were added to hand- 
picked gravel, lend support to this 
reasoning. 'Perhaps our procedures for 
saturating the aggregates needs re- 
examination. “Room-dry’’ may not be 
a sufficiently uniform starting point for 
the vacuum saturation process. Ex- 


periences with saturating concrete under 
a vacuum suggest that its moisture con- 
dition has a considerable effect on the 
degree to which the air in the concrete 
can be removed, and, perhaps, the initial 
moisture condition of the room-dry ag- 
gregate should be examined in the light 
of that experience. Whether or not ag- 
gregates are vacuum saturated, their 
moisture condition is of significance. 

In the second category some lack of 
agreement among groups of tests made at 
different times are to be expected and 
seem to be inherent in concrete testing. 
However, the disagreements in results of 
freezing-and- thawing tests which we 
have experienced are far greater in mag- 
nitude than for strength. There can be 
little doubt but that the particular lot of 
cement used has a most potent influence. 
Probably other factors also enter. 
Whatever the cause, we have had the 
unpleasant experience of finding it neces- 
sary to discard the results of all tests 
made over a given period of time, because 
all of the concrete failed so rapidly that 
suitable comparisons could not be made 
between unlmown aggregates and ag- 
gregates of known good performance. 

Freezing-and-thawing tests should 
represent a most useful tool. However, 
before that usefulness can be fully 
realized much more must be learned about 
their conduct and the interpretation of 
the results. 


Prepared by Frederick O. Anderegg^^ 


In setting up standard methods of test 
it is often profitable to make as thorough 
an analysis as practicable of the factors 
involved and one is attempted here. 
The phenomenon of the expansion of 
water on freezing makes it seem plausible 
to consider it to be the main cause of dis- 
integration of concrete and other build- 
ing materials, and the use of freezing and 
thawing as a test of durability naturally 

Consulting Specialist on. Building Materials, John 
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follows. The disruptive forces accom- 
panying freezing of water are, however, 
modified by a variety of factors, in addi- 
tion to certain other phenomena which 
occur with changing temperatures and 
with variations in moisture conditions. 
Some of these may have even greater 
effect than freezing on the results ob- 
tained in the field. Some of the factors 
affecting the concrete integrity are : 

1. Water freezing under suitable con- 
finement may' produce pressures; of the 
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order of 100,000 psi., but the presence of 
empty pores within the structure often 
affords an appreciable buffering action 
against the development of extreme 
stresses. The correlation of the “satura- 
tion coefficient’^ of bricks with their re- 
sistance to freezing and thawing illus- 
trates this point. Therefore, a serious 
attempt should be made to set up stand- 
ard conditions for the degree of filling 
the pores in the concrete specimen. The 
use of a vacuum, together perhaps with 
subsequent pressure, should be carefully 
studied as to the effect on the saturation 
coefi&cient and as to the fairness of the 
subsequent exposure. 

The benefit of controlled air entrain- 
ment is probably largely derived from 
this buffering action, and we should be 
reasonably sure that any testing proce- 
dure will not fill these specially added 
pores to any greater extent than they 
would be filled under natural exposure. 

2. The speed of temperature reduction 
is a factor contributing to the manner of 
growth of the ice crystals. If it is very 
slow, large dagger-like crystals several 
inches in length may be formed, as under 
the leaf mold in the woods in the winter, 
to produce forces in certain directions. 
The lowering of the melting point of ice, 
however, under such ice crystals, pre- 
vents this unidirectional growth so that 
this effect may probably be safely dis- 
regarded. 

3. Rapid temperature reduction may 
set up other harmful forces because of 
different coefficients of thermal expan- 
sion found among the constituents of 
concrete. Portland cement has a ther- 
mal coefficient dependent upon the 
composition, the age, and the state of 
hydration and subsequent dehydration 
which is comparatively high among the 
inorganic materials usually found in 
concrete. Calcareous aggregates have a 
lower coefficient than siliceous aggre- 
gates, and a combination of, say, marble 
with white cement at the age of about 
one year is subject to rather large differ- 


ential straining with rapid temperature 
changes. Again the surface of the 
eastern face of a tall building has to 
resist spalling forces caused by rapid 
heating up by the morning sun and the 
western face by the rapid cooling of a 
thunderstorm in the evening. There- 
fore, the size of the specimen should be 
standardized as well as the rate of cooling 
and warming. In evaluating the results, 
cognizance should be taken of the thermal 
expansion of the constituents and also of 
possible resilient factors. Incidentally, 
it is respectfully suggested that more 
attention to increasing such factors might 
well improve concrete durability. 

4. A very important factor in the dura- 
bility of concrete is the presence of salts. 
The. sulfates and chlorides of calcium, 
magnesium, and sodium are apt to give 
most trouble and in several ways. In 
the first place their interaction with cal- 
cium aluminate to form double salts with 
volume expansion is a cause of obvious 
worry; but it seems probable that greater 
harmful effect is often produced by 
oriented crystal growth. As tempera- 
ture is slowly lowered in the concrete, 
opportunity is provided for the crystal 
growth of many salts predominantly 
along one axis, and the forces involved in 
such crystal growth are of the order of 
100,000 psi. or more. A million self- 
acting jacks may be growing in the con- 
crete. The writer has noted that con- 
crete disintegrates, when saturated with 
strong sodium sulfate solution, the faster 
the slower the rate of cooling. It is 
suggested that by so controlling the 
cooling rate of a specimen immersed in 
sodium sulfate solution as to take a week 
to go from, say, 160 to 0 F., a good esti- 
mate would be obtained in the one ex- 
periment of the ability of the concrete to 
withstand such internal expansive forces. 

5. In the actual exposure of most con- 
crete, variable moisture conditions are 
encountered, which may produce a 
variety of effects: (u) Detrimental sul- 
furic acid of whiter rains or^soluble salts 
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may- be carried in under certain condi- 
tions,- (b) Again a beneficial leaching ac- 
tion may be brought about whereby 
deleterious salts are removed. Under 
such conditions some of the lime of the 
calcium hydrosilicate binding gel may 
also be removed with more or less un- 
fortunate effect on the integrity of the 
cement, (c) With moisture changes the 
growth of the oriented crystals is often 
encountered and a tendency for them 
to accumulate in the pores immediately 
behind the surface has been noted. Any 
surface skin or crust is often pushed off 
by the developing crystals, (d) Mois- 
ture in the concrete promotes autogenous 
healing so that the harmful effects of the 
various disintegrating forces are very 
often more or less repaired, given moist 
conditions and time. 

Recommendations eor Test ^ 
Specifications 

The following should be accurately 
controlled: 
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1. Size and^ shape of concrete speci- 
men, 

2. Saturation coefficient, 

3. Rate and extent of cooling, and 

4. Rate and upper temperature of 
thawing. 

If it is desired to determine chiefly 
the effect of differences in thermal co- 
efldcients of expansion, rapid changes in 
temperature up and down between, say, 
30 and 160 F. should be brought about. 

If it is desired to determine quickly 
the resistance of the concrete structure 
to internal pressure brought about by 
ice alone the saturation coefficient should 
approximate 100 per cent. 

To get an estimate of the ability of 
the concrete structure to resist the ex- 
panding action of oriented salt crystals, 
saturate at about 160 F. in a 20 per cent 
sodium sulfate solution in a container. 
Provide the container with sufficient in- 
sulation so that it requires about one 
week for cooling. 


Prepared by Guy H. Larson^® 


The purpose of the State Highway 
Commission of Wisconsin in making 
freezing-and-thawing tests on concrete 
has been to compare the durability of 
concrete containing certain unknown or 
doubtful coarse aggregates with that of 
concrete containing aggregate of known 
satisfactory quality, and to determine 
the effect on the durability of concrete of 
various cements and admixtures. The 
test used— specimens partly immersed 
in water for both freezing and thawing— 
would be classed as type 2 according to 
Mr. Withey’s discussion of freezing-and- 
thawing tests. 

Our facilities consist of a ‘Vaik-in” 
freezing room 8| by 12| ft, with 8 in. 
of cork insulation. The refrigerating 
system is of the ammonia expansion type. 
The condenser is a self-contained unit 
of 4.5 tons capacity when operating at 

Senior Assistant Engineer, State Highway Coimnis- 
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5 F. evaporating temperature and 86 F. 
condensing temperature. The evapo- 
rator or freezing coils consist of 1800 ft. 
of f-in. galvanized pipe supported near 
the ceiling above an insulated deck. 
Two blowers circulate the air through 
the coils and the refrigerated space be- 
low. The freezing room is maintained 
at a temperature of 10 F. There is a 
by 8|-ft, anteroom with 5 in. of cork 
insulation, which is maintained at a 
temperature of 40 F. 

For convenience in moving specimens 
in and out of the freezer, they are placed 
in metal trays (approximately 25 by 
37 by 6|-in.) which are loaded one above 
the other with a minimum clearance of 
5 in., in racks mounted on four-wheeled 
hand trucks. 

The concrete specimens generally used 
are 3 by 4 by 16-m. or 6 by 6 by 20-in. 
beams, depending upon the maximum 
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size of the aggregate. Specimens are 
made in accordance with standard pro- 
cedure, They remain in the molds in the 
mining room for 1 day, after which they 
are stripped and cured in the moist room 
for 26 days, and then submerged in water 
for 1 day. At the end of the 1-day 
soaking period, the specimens are placed 
in the trays on the trucks with a min- 
imum distance between specimens of 
1 in. The trays are filled with water 
to a depth of | to J in. and the loaded 
trucks pulled into the freezing room. 
After 18 hr. the trucks are removed from 
the freezer and the specimens thawed for 
6 hr. at room temperature. Specimens 
remain in the trays on the trucks 
through out the f reezin g-and-thawing 
cycle. A large fan is so placed as to 
blow the chilled air away from around 
the bottoms of the trucks. Without 
this precaution the lower tray usually 
is not entirely free of ice at the end of 
the 6 hr. After the thawing period, the 
water in the trays is brought to the 
proper depth again, the loaded trucks 
pulled into the freezer, and the next 
cycle started. 

The rate of freezing is slightly different 
at different points in the freezing room, 
and the rate of freezing and thawing is 
slightly different in each of the trays on 
a truck. In order to offset this the 
trucks are rotated in position in the 
freezer each cycle, as are also the three 
trays on a truck. 

When operating with full load, the 
concrete, after the first cycle, enters 
the freezer at an internal temperature 
of approximately 63 F., is lowered to 
32 F. in approximately 1 hr. and 5 min,, 
and to — 8.5 F. in approximately 8 hr. 
When removed from the freezer, the 
concreteisat practically — 10 F., is raised 
to 32 F. in 1 hr. and 40 min., and to ap- 
proximately 63 F. at the end of the 
thawing period. 

When comparing different aggregates 
or cements, the freezing-and-thawing 
cycles are usually continued until . the 


specimens show some sign of damage. 
They are then all removed from the 
freezer, brought to room temperature, 
and tested for strength. When it is 
desired to have more accurate infor- 
mation on exactly what is happening to 
the concrete as the test progresses, de- 
termination's of the dynamic modulus 
of elasticity of the specimens are made at 
certain intervals by means of sonic ap- 
paratus available to us at the University 
of Wisconsin. Companion specimens, 
cured continuously in the moist room, 
are always made for reference. 

One serious objection to our present 
freezing-and-thawing test is the length 
of time it requires. The action can be 
greatly accelerated by forcing more 
water into the concrete, but there are 
objections to this procedure also. Even 
very satisfactory concrete can be made to 
fail rapidly in this way, but the dif- 
ferentiation between durable and non- 
durable concrete usually is adversely 
affected. 

We are planning to try freezing the 
specimens from one side, with water 
present at the opposite side. An in- 
sulated tank with open top, to be placed 
in the freezing room, has been built for 
the purpose, but so far we have been 
unable to obtain the necessary heating 
elements and controls. The proposed 
procedure is to fill the tank partially 
with completely saturated sand on which 
the specimens will rest with their upper 
surfaces exposed to the low temperature 
in the freezer. The space between and 
around specimens is to be sealed with 
some insulating material. The lower 
surfaces will be kept at some temperature 
above freezing by means of the heating 
elements in the sand below. The idea 
is to retard, or perhaps prevent, the 
movement of the freezing ‘"isotherm” 
entirely through the concrete, thereby 
providing more time for water to move 
into the concrete under conditions and 
forces at least simulating those it will 
encounter in service. 
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Mr. ' Walter H. Price.^— I should 
like to ask Mr, Valore how he extracts 
the air from the rubber tube containing 
the test specimen in the procedure he 
described? I am interested because the 
failure of a 'specimen in three cycles of 
freezing and thawing, as mentioned by 
Mr. Walker, can be accomplished by 
extracting air from, the specimen and 
saturating the specimen under a vacuum 
before starting the cycles of freezing and 
thawing. 

Mr, Rudolph C. Valore.^— We have 
ordinarily had these bags made of rather 
thin (i\-in.), flexible rubber, of inner 
tube quality. When a bag containing 
a concrete specimen and about one pint 
of water is immersed in water to within 
a few inches of the open top end, the 
external pressure is usually sufficient to 
expell air entrapped between the bag and 
the contained specimen. Any remain- 
ing air may be forced out by manipula- 
tion before the bag is sealed shut. The 
purpose in removing this air is to provide 
for complete immersion of the specimen 
in the water within the bag, but not to 
remove air from the specimen. I do not 
believe that there is any relation be- 
tween this operation and that used by 
Mr. Walker, which resulted in three- 
cycle failures. 

We are fairly certain that the air is 
removed from the bag since, upon re- 
moving a frozen specimen from the bag, 
we find it completely coated with ice. 

Mr. M. 0. WiTHEY.^—I should like to 
add some information about the effect of 
long curing under water, and thereby 
thorough saturation of the specimen. 
In the tests made by the Highway Re- 
search Board Committee, concrete of good 
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aggregate, as well as concrete of a poor 
aggregate was made at the Public Roads 
Administration Laboratory, and speci- 
mens from each of those concretes were 
delivered to each of the coordinating 
laboratories. One of the coordinating 
laboratories (A), in its runs on these 
two types of concrete, had quite diverse 
results from those obtained by other 
laboratories. Since we had some extra 
specimens which had been made and 
then cured in water for a period of two 
years, at the P.R.A. Laboratory, we 
decided to repeat the tests at Laboratory 
A. Hence we sent part of those extra 
specimens to Laboratory A and part to 
Laboratory B, at which an average 
number of cycles for failure had been 
taken in the original program. On the 
specimens made with good aggregate, 
Laboratory A reported 167 cycles to 
produce failure after 28 days of water 
curing, but only two cycles after the 
specimens were soaked two years. On 
the specimens made of poor concrete, 
Laboratory A reported 27 cycles to 
disrupt the concrete after curing 28 
days, but only two cycles after curing 
two years. At Laboratory B 27 cycles 
were required to disrupt the good con- 
crete after curing 28 days, but only four 
cycles were required after curing two 
years. The number of cycles was four 
on the poor concrete after curing 
twenty-eight days, and after curing two 
years the number of cycles was two. 
The main conclusion to be drawn is that 
the two-year-old concrete of both good 
and poor aggregate, was thoroughly 
saturated with water and required only a 
few cycles of freezing and thawing to 
cause failure. One will find the same 
thing is true if specimens, which have 
been subjected to 600 or 700 cycles of 
freezing and thawing without signs of 
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breakdown, are then submitted to a 
vacuum, filled with water, and then 
frozen and thawed. Specimens so treated 
will break down in two or three cycles. 
Hence the quantity of water which 
is put into the pores of hardened 
concrete has a very vital effect on 
its durability under any freezing-and- 
thawing program. 

I should like to say one thing more 
about the loss of weight. Loss of 
weight has very little significance for 
concrete cured in air and frozen in air. 
It has some significance when concrete 
is frozen in water, but a good strong 
concrete having a strength of 3500 to 
5000 psi. at 28 days, when subjected to 
freezing and thawing a sufficient length 
of time to reduce the weight 25 per cent, 
would have practically no crushing 
strength and no transverse strength. 
Therefore, in the Highway Research 
Board program, it was decided to use 
the transverse bending test, which is a 
much more sensitive index of loss in 
strength than is the loss in weight. 

Mr. Price. — ^Were those old speci- 
mens Mr. Withey just described as 
having failed in a few cycles, frozen in 
water-filled metal containers? I ask, 
because in such containers the ice first 
forms around the specimens at the ends 
and the specimens may be ruptured in 
tension by the expanding forces exerted 
against those end ice grips. 

Mr. Withey.— In answer to Mr. 
Pricers question, it should be noted that 
the specimens tested in the Highway 
Research Board coordinating program 
were all frozen in air. We have had the 
same experience which he reports when 
specimens have .been immersed in water 
with their bottoms in contact with a 
metal tray. In both the coordinating 
program and in programs involving 
immersion of the specimen in w’-ater 
during freezing, we have supported the 
specimens ^ on thin strips of wood. 


Mr. K. B. Woods.^~I should like to 
supplement Mr. Walker’s comments in 
regard to the moisture content at the 
time of freezing and thawing. We have 
been carrying on a very active program 
for a number of years in connection with 
service of pavements, and now in recent 
months have been endeavoring to make 
concretes and trying to get accelerated 
testing procedures developed which will 
give us results in a few cycles that are 
comparable with the field exposures 
after 10 or 15 yr. We find that we get a 
much lower saturation coefficient for our 
good aggregate than we get for our poor 
aggregate. Likewise, we can obtain 
failure at a very low number of cycles 
when we vacuum.-saturate our poor 
aggregate; and in contrast, our good 
aggregates all go many cycles before 
they fail, even though vacuum-saturated. 

Mr. Ira Paul.®— The one thing we 
have to contend with in New York 
State is not so much the action of 
freezing and thawing of water on con- 
crete as the effect of the application of 
salt and calcium chloride for ice control 
on concrete pavements. Many of our 
concrete roads were scaling and disinte- 
grating because of the adverse effect of 
chloride salt action. Several years ago 
an investigation was initiated by our 
laboratory to try to do something about 
this. In a series of laboratory freezing- 
and-thawing tests exposed to the action 
of chloride solutions it w^as discovered 
that a certain type of admixture when 
incorporated in the concrete mix would 
resist the destructive action of these 
salts. Subsequently a three-lane con- 
crete pavement on a heavy grade was 
set up as a field experimental project to 
check on laboratory findings. Portland 
cements of various compositions were 
used, and the admixture was incor- 
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porated 'in alternate slabs all along the 
three-lane highway^ When the project 
was completed cores were removed from 
all sections of the pavement and sub- 
jected to freezing-and-thawing tests in a 
10 per cent calcium-chloride solution. 
'.Briefly summarized, the laboratory 
Ireezing-and-thawing tests in the chlo- 
ride solution showed that practically 
all the straight portland-cement con- 
crete cores scaled and disintegrated 
with quite heavy losses between 25 and 
50 cycles, whereas the portland-cement 
concrete with the admixture showed 
much better resistance to chloride ac- 
tion. A field examination of the pave- 
ment was made the following spring 
after it was constructed. During the 
winter season there were many applica- 
tions of chloride salt with the abrasive 
for ice control on the heavy grades. 
Where chloride salts were applied, the 
slabs containing the straight portland 
cement had scaled badly regardless of 
the composition of the cement, whereas 
the concrete slabs containing the ad- 
mixture were in excellent condition. 
Thus it was quite interesting to observe 
the excellent correlation between the 
laboratory freezing-and-thawing tests on 
the cores removed from the pavement 
and the field service tests. 

Some years ago a few concrete cores 
were removed from a 24-yr. old pave- 
ment i!Z good condition and subjected to 
freezing and thawing in plain water. 
These cores completely disintegrated 
between 25 md 50 cycles of freezing and 
thawing, in spite of the fact that the 
pavement concrete was in good service- 
able condition for nearly a quarter of a 
century. Just how to interpret the 
faezing-and-thawing laboratory tests in 
water is anybody’s guess, but we do 
hww from our' vast experience over 
^ fifteen fears that the laboratory freezing- 
and“thaw»ig tests in chloride solution on 
cores removed from the pavement do 
itek the., field: : ;^ervice': records where 


pavements are treated with chloride 
salts for ice control. 

Mr. J. C. Pearson.®-— a number of 
people here will doubtless recall a meet- 
ing held in Washington scane years ago 
to organize a comprehensive joint inves- 
tigation of this matter of durability and 
freezing-and-thawing tests. At that 
time our technical staff was contem- 
plating an exposure of. a series of small 
concrete beams to the weather, the plan 
being to have the beams half submerged 
in flat concrete trays of water on the 
roof of a storage building adjoining our 
laboratory in Allentown. Our purpose 
primarily was to try this out as a natural 
but severe weathering test, from which 
significant results might be secured 
within a few years. I therefore asked 
the group what might be expected from 
a series of exposures of this sort, and 
while different opinions were expressed 
by different individuals, the general 
reaction was that such a program would 
be worth trying, and we accordingly 
started the tests in the fall of 1941, 

During the war years we were barely 
able to keep up the observations on 
these specimens, but we did manage to 
keep the beams in water during the 
summers, and in water, ice, and snow 
during the winters, and to make sonic 
modulus determinations in the spring of 
each year. We had hope that a 5-yr. 
exposure, with some 40 or 50 freezings 
and thawings each winter, would dis- 
tinguish between the sheep and the 
goats, perhaps emphasize some of the 
factors essential to durability, and also 
.Aow some marked differences in the 
ireezing-and-thawing resistance of differ- 
ent cements. 

WilSiDut going into much detail, the 
program included concretes made with 
fourteen different cements, seven of 
these comprising the five different types 
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conforming to Standard Specifications 
for Portland Cement (C 150-44)’' and 
the two air-entraining cements, t}^es 
lA and IIA, conforming to Tentative 
Specifications for Air-Entraining Port- 
land Cement for Concrete Pavements 
(C 175-44T)*; the other seven were 
selected for variations in composition 
and source. These fourteen cements 
were the main variable in the test; the 
seven regular types were made up with 
cement factors of 4| and 6 bags per 
cubic yard of concrete, and the others 
were used in concretes having slumps 
of 6, 3, and 0 in. at the same water- 
cement ratio. 

The present indications from these 
tests, after 5-yr. exposure, are as fol- 
lows: 

1. The continuous exposure to the 
weather of the half-submerged beams 
appears to be less severe than most 
laboratory freezing-and-thawing tests 
involving 50 or more cycles. This may 
be due in part to the fact that the beams 
are probably not completely frozen in 
the majority of freezing cycles, and in 
part to the complete absence of “thermal 
shock.” 

2. The 5-yr. plan as originally con- 
ceived appears to be quite inadequate 
for developing any significant differ- 
ences in the freezing-and-thawing resist- 
ance of the 14 cements included in this 
investigation. None of them has shown 
any consisten t weakness thus far. 

3. The group of beams placed by 
vibration at 0-in. slump has suffered 
relatively more than any other. This is 
believed to be due to the use of too stiff 
concrete and excessive vibration re- 
quired to consolidate the concrete. 

The fact that there has been relatively 
little difference in the damage suffered 
by the different types of cement seems to 
be at odds with the experience reported 

51 1944 Book of A.S,T.M. Standards, Part II, p. 1. 

8 1944 Book of A.S.TM.. Standards, Part II, p- 1203. 


by a number of the, speakers/ and 
suggests that there may be something 
more than type and calculated composi- 
tion of cements that determines the resist- 
ance of concrete to freezing and thawing. 

Mr. Price. — should like to make a 
remark concerning the curves shown in 
Fig. 1 1 of my discussion. Concretes in a 
parapet wall made with the five cements 
represented in the curves of this figure 
show little difference in weathering 
resistance after 3-yr. exposure in the 
mountains of Colorado. 

Mr. Bailey Tremper.^— Our ex- 
perience indicates that differences in 
resistance among cements as shown by 
laboratory tests are often reflected 
under severe outdoor exposure. This 
applies to cements combined with alkali- 
reactive aggregates and also with some 
aggregates that are not reactive as the 
term is usually understood. This state- 
ment is based in part on the observed 
behavior of actual structures and in part 
upon tests of laboratory-made specimens 
that have been exposed with one face 
lying on natural ground in a severe 
climate. 

Mr. Myron A. Swayze.^*^— I have 
just two points I should like to bring up. 
We have been making freezing-and- 
thawing tests in our laboratory for the 
past twelve years. During that time 
we have frozen and thawed several 
thousand specimens. Practically al- 
ways we get a softening up of an outside 
edge with a fairly hard core in the mid- 
dle, and that will gradually work towards 
the center. We have rare cases where 
specimens have been in fairly good 
external condition, and then in the space 
of ten cycles have broken down all the 
way through, like the ‘‘wonderful one- 
hoss shay.’^ 

The first question I want to ask is 

* Materials Engineer, State of Washington, Depart- 
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directed to those who like the sonic 
methods of test: If you take a specimen 
in which ,you have a softened exterior 
and a perfectly sound core, how can you 
take a disuniform specimen of that sort 
and get the true sonic modulus? 

The other point in which I have been 
quite interested is the type of container 
used for freezing and thawing, • and just 
how the specimen is set so that the only 
deleterious action the cycle produces is 
actual freezing and thawing. Mr. Davis 
showed a circular can. I did not under- 
stand whether he said he had water in the 
can, or cylinder, or whether the speci- 
mens inside of the can were in air. If 
the cylinders were immersed in water, I 
should like to call attention to the ex- 
perience we had when we first started 
freezing-and-thawing tests. We had 3 
by 6-in. specimens, and the cans in which 
we immersed them were galvanized iron 
6i in. square. We stacked the speci- 
mens lying on their sides, one above the 
other, and subjected them to two cycles 
of freezing on the first day. Then we 
looked at them and every one of our 
specimens was beautifully cracked either 
in half or in quarters. The reason for 
this was that, taking a square can and 
putting the specimens in laid flat, there 
was a horizontal water space between the 
blocks, and the blocks first froze to the 
can all the way around. The water 
between the blocks was still liquid, and 
it had no place to go when further 
freezing occurred. It could not get by 
the specimens frozen to the^edge of the 
cans, so it promptly went up through 
the center of the specimens, breaking 
them as it went. Now, a 3 by 6-in. 
cylinder will have more resistance than 
a 6 by 6-in, block 3 in. thick, but you 
can do a good deal of damage to a speci- 
men of that sort just by the expansion of 
ice on the exterior of the block. It is, 
therefore, very important to let the 
freezing be gradual in one direction. 


The method we have now is to put one 
dummy block in the bottom of a can and 
the test blocks are set in pairs, so that 
there is a continuous unobstructed 
water channel from the top to bottom of 
the can, through the center. This is 
always the last part of the can to freeze 
and the free water merely rises as 
freezing progresses and the specimens are 
under no external stress at any time dur- 
ing the freezing. That is very important. 
If you get such strains in your specimens, 
you are very apt to have a disintegration 
that is not due to freezing in the block 
itself. It is just an outside influence. 

Mr. Withey. — In the Highway Re- 
search Board program of tests, disinte- 
gration over the entire outside of the 
specimen did not occur since the limiting 
loss in the d 3 mamic modulus of the 
elasticity occurred prior to such general 
failure of the surface of the specimen. 
We simply made notes from time to 
time as the tests progressed of the 
spalling of corners, effects, if any, of 
unsound aggregate particles and the 
condition of cracks, if any, and took our 
dynamic E readings. In such tests it is 
not necessary to consider the minute 
changes in dimension in computing 
d 3 mamic E. I have not had experience 
with the deterioration which accompanies 
a 50 per cent reduction in dynamic 
£, but after a reduction of 30 per cent, 
the weight loss is less than 1 per cent. 
Hence the disintegration on the surfaces 
of the specimens will have very little ef- 
fect on the dimensions of the specimens. 

Mr. SwAYZE.—If you take a com- 
posite bar with a core of high-strength 
concrete and surround it with, let us say, 
a layer of low strength plaster of Paris, 
and then take a sonic modulus reading, 
would you not get the sonic modulus of 
the plaster rather than that of the inside 
core of hard concrete? ^ 

Mr. Withey.— No, you would get 
dynamic JS for the composite beam. 
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the light of our experiences to place 
specimens on top of one another in a 
vertical container in either of the 
Highway Research Board coordinating 
or local programs. , We have separated 
the specimens and supported them on 
shelves or racks in separated layers. 

Mr. F. B. Hornibrook.^^— 'Mr. Davis 
mentioned that he got fairly good cor- 
relation between the change in length 
and the loss in weight of his specimens, 
but not with the change in dynamic 
modulus. My experience, however, 
when testing air-entrained concrete has 
been that a better relationship between 
change in length and change in dynamic 
£ was obtained than between change in 
length and loss in weight. It is my 
understanding, however, that most of 
the work Mr. Davis is reporting was done 
with concretes not containing air-en- 
training agents. Along this same line, 
I should like to ask Mr. Price whether 
they measure change in weight and, if 
so, whether the changes in weight bear 
an apparent relationship to change in 
length or to change in dynamic mod- 
ulus? 

■ Mr. Price.— We have taken sonic 
modulus readings in conjunction with 
many freezing-and-thawing tests. Our 
tests have shown a rapid reduction in 
sonic modulus for concretes of poor 
quality; but it is not uncommon to 
obtain an increase in sonic modulus for a 
considerable number of freezing-and- 
thawing cycles for the better concretes. 
Good correlation is obtained between 
changes in sonic modulus and expansion 
of the concrete. At present we prefer 
expansion measurements as an early 
indication of failure. 

We are now considering a bar type 
specimen on which expansion, sonic 
modulus, and weight loss may be 

Materials Engineer, National Bureau of Standards, 
Washington, D.C. 


agreement among these' three measure- 
ments, but in the early stages of the 
tests the expansion and weight loss may 
remain practically constant while the 
sonic modulus is showing , a slight in- 
crease. 

Mr. Withey.— I wonder whether the 
■ good concretes m.entioned by Mr. Price 
are not- having their early strengths in- 
creased by the process he uses for 
thawing in water. 

■ . Mr. Price.' — For some of the con- 
cretes of good quality the increased 
hydration during the early stages of the 
test, caused by the warm thawing water, 
does appear to more than offset any 
deterioration '.due to freezing and thaw- 
ing. A ’.more severe cycle would , show 
, less net gain ill strength. 

. Some years ago , we subjected speci- 
mens to cycles of freezing and thawing, 
and wetting and .drying periods. In 
some cases, the 'drying cycle, materially 
improved the resistance of the concrete 
to freezing and thawing. 

Mr. -Valore mentioned that a correla- 
tion of permeability of the concrete with 
the freezing-and-thawing results might 
furnish us with valuable inform.ation on 
the expected behavior of , the concrete. 
Our tests show good correlation between 
permeability and resistance of the con- 
crete., to freezing aiM , thawing .for con- 
cretes , m,ade without air-entraining 
agents and a fair correlation for those 
containing air-entraining agents.. ; Re- 
cent tests made at, high water pressures 
of 400 psi. on concretes containing 
various amounts of air up to 25 per cent 
show a slight increase in permeability up 
to about 3 per cent air and a decrease in 
permeability from there up to about 10 
per cent air content where the perme- 
ability again began to increase. The 
durability of the same concretes in- 
creased with increased air content up to 
at least 8 per cent air. 


General Discussion 


1251 


Mr. Stanton Walker.^^— With ref- 
erence to Mr. Pricers comm,ents that 
good concrete increases in modulus of 
elasticity as freezing and thawing pro- 
gressesj I suggest that he examine the 
moisture condition of his specimens. 
If the indications of our own experiences 
are accurate, it will be found that these, 
increases in modulus of elasticity are 
accompanied by gains in weight of the 
specimens. It is believed that the 
absorbed water, indicated by the gain in 
weight, is responsible for the increased 
modulus of elasticity. 

In our standard procedure, for which 
the specimens are thoroughly saturated 
before freezing and thawing is started 
(see my prepared discussion), there is 
always a sharp, though relatively small, 
decline in modulus of elasticity during 
the first few cycles of freezing and 
thawing, accompanied by a decline in 
weight. In certain of our tests, where 
the concrete was not ‘thoroughly satu- 
rated, we have found an increase in 
modulus of elasticity accompanied by a 
gain in weight. 

That moisture condition affects the 
modulus of elasticity of concrete meas- 
ured dynamically is well illustrated by 
many data. Without attempting to 
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recall all sources of such information^ 
reference is made to the paper by Obert 
and DuvalF presented before the So- 
ciety in 1941 and to my papeP^ on 
“Resistance of Concrete to Freezing and 
Thawing as Affected by Aggregates'' 
published by the National Sand and 
Gravel Association. 

, Mr. Price. — It is agreed that' the 
condition of saturation of the concrete 
has a marked effect on the number of 
cycles of freezing and thawing it will 
withstand. However, the test is de- 
signed to give some indication of the 
resistance of the concrete to weathering 
and not to fail the specimen as rapidly 
as possible. We know that we can fail 
fully saturated air-entrained concrete in 
a few cycles, yet partially saturated air- 
entrained concrete performs very well 
under severe weathering conditions. In 
general, in our tests fog-cured specimens 
are soaked for 24 hr. and dry specimens 
are soaked for 96 hr. before starting 
the freezing-and-thawing cycles. The 
specimens are kept under water during 
the entire period of tests except for the 
short periods when they are measured 
for weight loss and expansion. 

Leonard Obert and Wilbur I. Duvall, “Discussion of 
Dynamic Methods of Testing Concrete -with Suggestions 
for Standardization,” Proceedings, Am. Soc. Testing Mats., 
VoL 41, p. 1053 (1941). 

14 Stanton Walker, “Resistance of Concrete to Freez- 
ing and Thawing as Affected by Aggregates,” Nat. Sand 
and Gravel Assn., Circular No. 26. 


THE INFLUENCE OF GYPSUM ON THE HYDRATION AND 
PROPERTIES OF PORTLAND CEMENT PASTES* 

By William Lerch^ 


Synopsis 

The maBner in which the added gypsum controls the setting of cement has 
been the subject of many investigations and of some controversy. It is 
generally agreed, however, that its effect is to stop the rapid reaction nor- 
mally shown by the calcium aluminates. In the absence of precise informa- 
tion relative to the function of g 3 npsum in regulating the initial hydration and 
in order to provide ample protection against the abnormal expansion that 
might result from the use of excess amounts of gypsum it has been the custom 
from the beginning to place a limit on the SO3 content of portland cement in 
standard specifications. In the A.S.T.M. specification for cement this limit 
has not been changed since 191 7^ except to permit a higher value for high early 
strength cement. In the belief that the quantity of gypsum required to regu- 
late properly the hydration and hardening would vary with cement composi- 
tion and fineness, the studies described in this paper were undertaken. 

Twelve commercial clinkers covering the range of chemical composition 
generally encountered in portland cements were selected for study. Each of 
these compositions was used with various SO? contents with fineness held uni- 
form at about 1900 sq. cm. per gram. In addition five of the clinkers were 
ground to varying degrees of fineness with SO 3 constant at about 1.8 per cent. 

The effect of SO 3 on the rate of hydration was measured with a conduction 
calorimeter on neat cement pastes. Mortar prisms were used for physical 
tests. These studies have shown that a proper regulation of the reaction of 
early hardening is of much greater importance than merely regulating the time 
of setting. Such regulation not only influences the rate of hydration, but 
affects the strength and the volume-change characteristics of the hardened 
cement paste. With some cement compositions the gypsum retards the initial 
hydration and set, while with others it acts as an accelerator. 

For many cements the strengths can be increased and the contraction on 
drying decreased by the use of larger additions of gypsum than are permitted 
by current specifications. The quantity required to obtain the best strength 
and the least contraction can be used without danger of abnormal expansion in 
water storage. The results show that the fineness, the alkalies, and the 
3CaO* AI 2 O 3 content all influence the gypsum requirements. 

The paper contains a discussion of the function of gypsum in regulating the 
reactions of hydration and hardening. 


When Portland cement clinker is 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 
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* Standard Specifications for Portland Cement (C9 - 
17), 1916 Book o£A.S.T.M. Standards, p. 429, 


ground without the addition of a re- 
tarder, the reactions with water are usu- 
ally so rapid that quick set occurs. Of 
the phases normally present in portland 
cement clinker, the alumina-containing 
phases appear to be those which react 
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with sufficient rapidity to give rise to the 
undesirable quick set. Since alumina- 
containing phases are always present, it 
is the common practice in the manufac- 
ture of Portland cement to add some 
: material to control the rate of the initial 

I reactions. At present, gypsum is the 

; retarder generally used. The manner in 

I which the uddod gypsum controls the 
setting of cement has been the subject of 
! many investigations and of much con- 
J troversy. , It is generally agreed, how- 
ever, that its effect is to stop the rapid 
reaction normally shown by the alumi- 
iiate phases, and that it causes the forma- 
tion of calcium sulfoaluminate in place of 
hydrated calcium aluminates. 

The pro!)lem of retarders and accelera- 
tors for Portland cement is of importance, 
not alone for the effect which they may 
have upon the rate of hardeuing, but also 
for their effect upon the structure de- 
veloped by tlie paste at early ages and 
the manner in wliitii this structure may 
alter the pliysical properties of the hard- 
ened p)aste at subsequent ages. 

It seems afjparent that the fineness of 
the cement would be an important con- 
sideration in determining the quantity of 
gy|)sum reciiiired to obtain proper retar- 
dation. However, bodies responsible for 
cement specifications do not seem to have 
taken this into account. For example, 
the Standard S|)ecificalions for Portland 
Cement a(lo{)led by the A.S.T.M. effec- 
tive January 1, 1917, (C 9 - HY limited 
the SO3 content to 2.0 per cent and per- 
mitted a residue of 22 pier cent on the No. 
200 sieve. Since that date there has been 
a progressive increase in the fineness of 
Portland cement, and in the most recent 
A.S.T.M, Specifications' (C 150-44)3 a 
minimum limit of fineness has been 'im- 
. posed of 1600 sq. cm. per g. specific sur- 
ace (1).^ This limit would be equivalent 

^ ® Standard Specifications for Portland Cement (C ISO - 
44) , 1944 Book of A.S.T.M. Standards, Part II, p. 1 . , 
Boldface numbers in parentheses refer to the hst of 
references appended to this paper, see p. 1292. 


to approximately a 5.0 per centTesidue 
.on the No. 200 sieve. Despite this large 
change in fineness there has been no 
change in the specifications to permit 
larger additions of gypsum to compensate 
for the increase in fineness— except that 
for high early strength cement an SOs 
content of 2.5 per cent is permitted. 

The present investigation was under- 
taken to examine the influence of gypsum 
on the hydration and properties of port- 
land-cement pastes when using cements 
of different composition and with fine- 
ness varied. Twelve commercial clink- 
ers, representing the range in chemi- 
cal composition encountered in portland 
cements, were used in the investigation. 
The clinkers with various additions of 
gypsum were ground to the same specific 
surface and the rate of heat liberation 
was determined for the cements. The 
cements were also used in the preparation 
of mortar specimens to determine the 
effect of the various additions of gypsum 
on the physical properties of the hard- 
ened paste. F or five of the clinkers addi- 
tional tests of the rate of heat liberation 
were made in which the specific surface 
was varied while holding the SG3 con- 
stant. The discussion of the data con- 
tains a description of the nature of the 
reactions of gypsum with portland ce- 
ment, and the manner in which gypsum 
affects the rate of heat liberation and the 
physical properties of the hardened paste. 

Apparatus and Methods of Test 
The Conduction Calorimeter : 

In previous investigations of retarders 
for Portland cement the work has often 
been confined to a determination of the 
effect of retarders on the time of set by 
the conventional penetration tests. In 
the present investigation, the rate of 
hydration at early ages was adopted as a 
means of studying the effect of gypsum. 
For this purpose the rate of heat libera- 
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Fig. 1.-— The Conduction Calorimeter: Specimen-Cup and Heat-Conduction Assembly. 
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tion, the specimen cup, containing neat 
paste (water-cement ratio = 0*40 by 
weight), is placed on the copper pedestal 
and a vacuum flask is placed over the 
apparatus to minimize loss by radiation 
and by air-convection. Thus virtually 
all the heat generated by the hydration 
of the cement in the specimen cup is 
conducted to the water bath. The com- 
plete assembly of six units is shown in 
Fig. 3. 


tion was used as a means of measuring 
the rate of hydration. The calorimetric 
methods were similar to those used by 
Carlson (2) and Forbrich (3). 

A conduction calorimeter designed ac- 
cording to recommendations of R. W. 
Carlson® was used for the determ,ination 
of the rate of heat liberation during the 
first 72 hr. The calorimeter proper con- 


Fig, 2. -- One of the Heat Conduction Units. 

sists of four ess'ential parts which are 
shown in Figs. 1 and 2: (1) a copper cup 
to contain the cement paste, (2) a brass 
tube to conduct the heat away from the 
specimen cup, (3) resistance thermome- 
ters intimately secured to the two ends of 
the conduction tube, and (4) a heat- 
dispersing base immersed in a water 
bath. When the calorimeter is in opera- 


® personal commuwcation. 


Fig. 3. Assembly of Six Units in Operation. 


The rate at which heat is conducted 
away from the specimen is proportional 
to the difference in temperature between 
the specimen cup and the water bath. 
The difference in temperature is meas- 
ured by means of a Leeds and Northrup 
instrument which records the difference 
between the temperatures (in terms of 
resistance) at the ends of the conduction 
tube. The instrument records the re- 
sistance difference for each of six calorim- 
etera at 6-min. intervals. A detailed 
description of the method of calibration, 
and computation of data are given in a 
previous paper by Carlson (4) , 
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The Temperature Rise in the Cement 
' Pastes: 

Among the cements used in this in- 
vestigation the temperature rise varied 
over a wide range; the maximum was 
23 F.; the minimum was 4 F. Carlson 
(2) has shown that in 10-in. slabs with 
one surface insulated and the other 
maintained at a uniform temperature, 
the temperature rise in concrete con- 
taining 1.5 bbl of cement per cu. yd. 
would range from 10.5 F. for a low-heat 
cement to 32 F. for a high early strength 
cement. Thus, the temperature rise in 
the conduction calorimeter for the neat 
cement pastes used in these tests is of 
the same order as the temperature rise 
in relatively thin concrete slabs and no 
undue acceleration of the rate of hydra- 
tion results from the temperature rise in 
the calorimeter specimen. 

Determination of Heat of Immediate Hy- 
dration: 

Since cement liberates an appreciable 
amount of heat immediately upon being 
mixed with water, the heat liberated be- 
fore the first measurement with the 
conduction calorimeter must be deter- 
mined by an independent method. The 
heat liberated during this initial period 
is referred to as the heat of immediate 
hydration. It is determined with a 
simple bottle calorimeter. The bottle 
used for these determinations has a 
capacity of about 300 ml. Three hun- 
dred grams of cement and 120 ml. of 
water are used for the determination. 
The initial temperature of the water is 
adjusted in such a manner that the paste 
at the completion of a determination will 
be approximately at room temperature. 
The measured quantity of water is 
placed in the bottle and the initial 
temperatures of the water and cement 
are recorded. The cement is then 
poured into the bottle, the stopper and 


thermometer inserted and the contents 
shaken vigorously for 5 min. Readings 
of' the paste temperature are taken at 
S-min. intervals for 30 min. The heat 
, of hydration is then calculated from the 
temperature rise and the heat capacity 
of the system (cement, water, and bot- 
tle) and designated the heat of immedi- 
ate hydration. 

Selection and Preparation oe the 
Cements 

Twelve commercial clinkers were se- 
lected to represent the range of chemical 
composition found in portland cements. 
The chemical analysis and calculated 
compound composition (5, 6) of the 
twelve clinkers are given in Table I. 
Clinkers Nos. 16839, 16843, and 16890 
are the products of one plant; clinkers 
Nos. 16827 and 16831 are the products 
of another plant; and the remaining 7' 
clinkers are each from a different plant. 

Five of the clinkers were ground in 
commercial mills to obtain cements of 
widely different specific surface: approxi- 
mately 1200, 1800, and 2300 sq. cm. per 
g. For these grinds gypsum was added 
to the clinker before grinding to give 
about 1.8 per cent SO3. These cements 
were used to study the influence of 
fineness on the rate of hydration of ce- 
ments with SO3 constant. 

For a study of variations in SO3 con 
tents, additional cements were ground 
in a laboratory mill from the twelve 
clinkers mentioned above. A natural 
rock gypsum was used which by chemical 
analysis was known to be almost pure 
CaS 042 H 20 . Three grinds were made 
with each clinker: (1) without gypsum, 
(2) with gypsum added to give an SO3 
content of 1.90 per cent, and (3) with 
gypsum added to give an SO3 content of 
5.00 per cent. The cements were then 
blended in the proper proportions to give 
the desired intermediate SOs contents. 
In these laborato,iy grinds the clinker 
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with no added gypsum was ground to 
1800 it: 25 . sq. cm. per g. The specific 
surface of the cements containing gypsum 
were ground finer by 50 sq. cm. per g. 
for each 1.0 per cent of added SO 3 , in an 
attempt to maintain the same fineness 
for the clinker in all grinds. This' 
procedure was based on previous work 
'by Swenson and Flint (7) who found that 
approximately 70 per cent of the gypsum 
in: cement was present in the 0 to 7 ju 


mined for the twelve commercial clinkers 
ground with various SO3 contents as 
described above. The pastes were mixed 
and cured at 75 F. and the rate of heat 
liberation was determined for the first 
72 hr. The temperatures of the cement 
and water were adjusted so that the 
temperature of the paste would be 75 F. 
when placed in the calorimeter. The 
room containing the calorimeters was 
maintained at 75 F. 


TABLE I.~CHEMICAL ANALYSES AND CALCULATED COMPOUND COMPOSITIONS OF CLINKERS, 


clinker 

Oxide Analyses 

Calculated Compound Composition 

6 

CO 

9 

q 

& 

Total 

CaO 

MgO 

O 

CO 

Ignition 

Loss 

O 

S 

3 

CO 

U 

CO 

O 

U 

• ■ 

c 

6 

CO 

ei 

o 

Free 

CaO 

MgO 


Clinkehs o? High SCaO-AlaOa and Low Alkali Content 


No. 15367 

21.87| 6.83 

2.23 

65. 3o' 

2.63' 

0.41 

0.15 

0.17 

0.16! 

45. S ’ 

28.4 

14.3 

6.7 ^ 

0.7 

0.98' 

2.63 

No. 16823 

21.17 6.3S 

2.51 

|68.33| 

0.87 

0.05 

0.26 

0.05 

0.25 

70.0 

8.0 

12.5 

7.6 

0.1 

0.21 

0.87 


Clinkeuh of llK'.n on Moderately High SCaO-ALOa and High or Moderately High Alkali Content 


No. 1S900 . 

22.14 

6.46 

2.38163.66 

3.78 

0.22 

0.50 

0.36 

O.So!41.4 

32.2 

13.1 

7.3 

0.4 

0.46 

3.78 

No. 15498 

20.92 

5.82 

2.53 

67,71 

1.36 

0.19 

0.85 

0.31 

0.42162.5 

13.0 

11.2 

7.7 

0.3 

2.71 

1.36 

No. 16843 

22.34 

5.76 

2.57 

65.22 

1.95 

0.52 

0.52 

1.03 

0.06 

48.2 

27.8 

11.0 

7.8 

0.9 

1.07 

1.95 

No. IS699 

22.72 

5,38 

2.48 

64.06 

3.43 

0.20 

0.37 

1.17 

0.46 

47.9 

29.0 

10.1 

7.6 

0.3 

Nil 1 

3.43 

No. 16827 

22.81 

4.99 

3.03 

63.74 

2.70 

0.39 

0.60 

0.04 

1.37 

46.0 

30.6 

8.1 

9.3 

0.7 

0.2Si 

2.70 


Clinkers of Low 3CaO-AhOa and Low Alkali Content 


No. 16890 

26.07^ 

3.93 

3.16163.99 

1.28 

0.46 

0.57 

0.32' 

O.O 2 I 28 .O 

53.5 

5.1 

9.6 

0.8 

0.44 

1.28 

No. 15623 

23.30 

4,58 

4.35165.01 

1.44 

0.03 

1.05 

0.05 

0.18i47.6 

30.9 

4.8 

13.2 

0.1 

0.73 

■ 1.44 

No. 15670 

27.95^ 

2.07 

1.87 65.61 

1.83 

0.17 

0.26j 

0.05 

0.23 37.4 

51.9 

2.4 

5.7 

0.3 

0.23 

1.83 


Clinkers of Low SCaO^AhOa and High Alkali Content 


No. 16839 

24.02 

5.28 

4.60 

62.13 

1.56 

0.67 

0.53 

1.01 

0.10 

26.0 

49.1 

6.2 

14.0 

1.1 

0.12 

1.56 

No. 16831 . 

21.28, 

5,27 

4.84 

61.87 

3,12 

0.53 

1.29 

0,05 

1.37 

46.0 

26.3 

5.7 

14.7 j 

0.9 

0.07 

3.12 


Cor reeled for free CaO, but not corrected for minor constituents. n t,* i. 

Note; Clinker No. 15609 was made from a special batch of slurry prepared to produce a clinker of unusually high 
NaaO content. The clinkers normally produced at the plant do not have this high N aaO content. 


fraction. Thus, if all were ground to 
the same specific surface, with increasing 
quantities of gypsum, the gypsum would 
contribute a disproportionate share of 
the total specific surface with the result 
that the specific surface of the clinker 
would become progressively lower as the 
SO 3 content increased. 

The Influence of Gypsum upon the 
Rate of Heat Liberation 

Typkal Results: 

The rate of heat liberation was deter- 


A few typical results of the rates of 
reaction of the different cements are 
given in Figs. 4, 5, and 6, the rates of 
reaction being expressed in terms of the 
rate of heat liberation. The reactions 
of all cements undergo two cycles of in- 
creasing and decreasing rates, and ce- 
ments of high or moderately high 
SCaO-AbOs . regardless of their alkah 
content or cements of low SCaO-ALOs ^ 
that are high in alkalies sometimes un- 
dergo a third cycle; whether the third 
cycle will occur depends on the SOs 
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Fig. 4.—Rate of Hydration of Cements of Higli 3CaO- A1203 and Low Alkali Content 

With SOa Varied. 
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content of the cement. During the 
first cycle shown by the broken line 
curves, the rate of heat liberation in- 
creases from zero to a relatively high 
value within the first five minutes and 
then decreases rapidly. This first cycle 
is designated, the heat of immediate 
hydration. With cements of high or 
moderately high SCaO-AbOs regardless 
;of their alkali content or cements of high 
alkalies .regardless of their SCaO-AbOs 
content when ground without added gyp- 
sum or with small additions of gypsum 
1.0 per cent SO 3 or less, the. reactions are 
so rapid at this stage that flash-set occurs 


ticity. Following the interval of slow 
hydration, the second cycle of increasing 
rates of hydration occurs as shown by the 
first ascending portion of the solid line 
curves in Figs. 4, 5, and 6. This is the 
stage of initial hardening. With the 
cement of low 3 CaO-Ab 03 and low al- 
kali without added gypsum, Fig. 6, the 
period of slow hydration is abnormally 
long and it is shortened by the addition 
of gypsum. The third cycle of increas- 
ing rates of reaction is shown by the 
second ascending portion of the solid 
line curve for the cement containing 2.4 
per cent SO3 in Fig, 4 and the cement 



Fig. 6 .-“-K.ate of Hydration of Cements of Low 3CaO* AI2O3 and Low Alkali Content 

With SO 3 Varied. 


during mixing. With larger additions of 
gypsum the heat-liberation is decreased 
(the reactions are slower) and the paste 
remains plastic. With cements of. low 
SC'aO-AbOs and low alkali content even 
when ground without added gypsum the 
reactions are not sufficiently rapid to 
cause flash-set ; however, gypsum will de- 
crease their heat-liberation at this stage. 

When the cements have sufficient gyp- 
sum to prevent the flash-set, the first 
cycle of rapid reaction is followed by a 
period of one or two hours of relatively 
slow reaction. During this period the 
paste retains much of its original plas- 


with 3.5 per cent SO 3 in Fig. 5, The be- 
havior during the second and third cycles 
of increasing rates of reaction may differ 
widely among different cements. The 
significant characteristics of a cement to 
develop its highest strength and lowest 
contraction are revealed by the charac- 
teristics of the heat-liberation curves 
during this period. 

The Rate of Hydration of a Properly 

Retarded Cement: 

The curve for the cement of low 3CaO • 
AI2O3 and low alkali content with 1.5 
per cent SO3, Fig. 6, shows two cycles of 
increasing and decreasing rates of reac- 
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tion and larger additions of gypsum do 
not appreciably alter the shape of the 
curve. Similar curves are obtained with 
clinkers of high dCaO-AbOs content by 
the use of larger additions of gypsum. 
These curves are similar to the curves 
obtained for the hydration of 3CaO* 
Si 02 either with or without gypsum. 
From these considerations and on the 
basis of the results of physical tests to be 
given later, a properly retarded cement 
can be considered as one which contains 
the minimum quantity of gypsum re- 
quired to give a curve that shows two 
cycles of ascending and descending rates 
of heat liberation and that shows no 
appreciable change with larger addi- 
tions of gypsum during the first 30 hr. of 
hydration. It will be shown later that 
cements containing the proper amount of 
gypsum to give this type of heat-libera- 
tion curve are the cements that have the 
highest strength and lowest contraction 
on drying. With cements of low 3CaO * 
AI 2 O 3 content the shape of the curve after 
30 hr. will not be altered by larger addi- 
tions of gypsum. With cements of high 
SCaO'AlaOa content larger additions of 
gypsum may cause the appearance of a 
third cycle of increasing rates of reaction 
after 30 hr. However, it will be shown 
later that these larger additions of gyp- 
sum give lower strengths, higher contrac- 
tions and abnormal expansions. It is 
for these reasons that a properly re- 
tarded cement is defined on the basis of 
the shape of the curve showing the rates 
of hydration during the first 30 hr. and 
the use of the minimum quantity of 
gypsum which will give that shape. 

The Function of Gypstjm in Control- 
. LING THE Early Reactions 
of Hydration 

It has been shown that gypsum in- 
fluences the rate of hydration of portland 
cement and that its effect upon the rate 
of hydration is not the same for all ce- 


ments. In the following discussion it 
will be shown that gypsum influences the 
rate of hydration by its presence in 
solution and that a saturated lime-gyp- 
sum solution retards the hydration of 
cements of high 3CaO* AI 2 O 3 content and 
accelerates the hydration of cements of 
low 3CaO • AI 2 O 3 content. 

The Influence of Gypsum Upon the Rate 

of Hydration of Cements of High 3CaO^ 

AWz and Low Alkali Content: 

In an investigation of the reactions of 
water on the calcium aluminates, Wells 
( 8 ) observed that in aqueous solutions 
containing only lime and alumina, the 
solubility of alumina decreased with 
increasing concentrations of calcium 
hydroxide. He observed also that in a 
saturated calcium hydroxide solution, 
alumina reacts with calcium hydroxide 
to form hydrated calcium aluminates, 
Lerch, Ashton, and Bogue (9) have shown 
that alumina is less soluble in a lime- 
gypsum solution than in lime-water and 
that the alumina reacts with lime and 
gypsum to form calcium sulfoaluminate. 

With these facts on solubility in mind, 
the action of gypsum as a retarder can 
be explained on the basis of the solu- 
bility of alumina in the aqueous solutions 
with the aid of the curve obtained for the 
cement containing 2.4 per cent SO 3 in 
Fig. 4. When water is added to the 
cement there is an initial rapid solution 
of the anhydrous aluminates and a rapid 
crystallization of hydrated calcium alu- 
minates. These are the rapid reactions 
which occur before the mixing water 
becomes saturated with lime and g 3 rp- 
sum. Evidence of these reactions is 
given by the high rate of heat liberation 
observed during the first 5 min. — the 
rising portion of the broken-line curve. 
Simultaneously, the concentration of 
lime and gypsum increases and rapidly 
halts the reactions by decreasing the 
solubility of alumina-— the descending 
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portion, of the broken-line curve. This 
prevents the immediate flash-set. The 
solution of lime alone is not enough to 
prevent flash-set, for experiments have- 
shown that flash-set occurs in the ab- 
sence of gypsum. 

When the solution has become sat- 
urated with lime and gypsum, the an- 
hydrous alumina te phases continue to 
dissolve slowly and react with gypsum 
to form calcium sulfoaluminate, and the 


creases. At the same time the hydration 
products are precipitated on the surface 
of the remainuig anhydrous particles, 
partially sealing the grains. By a com- 
bination of these conditions, the rate of 
hydration decreases to the eleventh 
hour. As the gypsum continues to be 
used up in the formation of calcium 
sulfoaluminate, the gypsum eventually 
becomes depleted and its concentration 
in the solution decreases. When this 



Fig. 7.— "Rate of Hydration of Cements of High 3 CaO* AI2O3 and Low Alkali Content 

With SOa Varied. 


condition is reached, the solubility of 
alumina again increases and a rapid 
reaction will occur if sufficient unhy- 
drated calcium aluminates are available. 
This is shown by the third cycle of in- 
creasing rates of reaction from the 
eleventh to the fifteenth hour. The 
reactions that occur at this stage appear 
to be identical with those of the immedi- 
ate flash-set that occurs in the absence 
of gypsum, but they are less rapid be- 
cause of the decrease in surface area of 


anhydrous calcium silicates dissolve and 
form hydrated calcium silicates. These 
are the reactions of hydration in the re- 
tarded state. As these reactions occur, 
the rate of heat liberation again increases 
and reaches a maximum at about the 
sixth hour as shown by the solid-line 
curve. As the hydration proceeds the 
smaller, anhydrous particles may become 
'completely , hydrated and , the larger 
particles become smaller, that is, the 
surface area of anhydrous phases de-' 
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the anhydrous particles and because of in glass vials and allowed to harden. At 
the presence of the protective film of ages of 6 and 24 hr. the' pastes were 
hydration products. pulverized and 200 g, of paste was mixed 

From what has just been said, it would with 100 ml. of water. After a mixing 
be expected that the time at which the period of 10 min., some of the clear water 
rapid hydration of the aluminate phases was filtered off and analyzed. Table II 
may occur will depend on the g3rpsum gives the partial analysis of the solutions, 
content of the cement. That this is After 6 hr. of hydration, the concentra- 
actually the case is illustrated by the tion of dissolved SO3 is approximately 
curves in Fig. 7 obtained with additional equal to that of saturated solution of gyp- 
cements prepared from this same clinker sum, and with the cements of relatively 
of high SCaO-AbOs content (clinker No. high alkali content, Nos. 15900 and 
15367). In Fig. 7 the peak appears at 15699, the concentration is even higher, 
the second hour with 1.25 per cent SO3, The higher SO3 concentrations can be 
the tenth hour with 1.9 per cent SO3, the accounted for by the presence of alkali 
fifteenth hour with 2.4 per cent SO3, the sulfates formed by a reaction of the 
twenty-ninth hour with 3.0 per cent SO3 alkalies with gypsum. After 24 hr. of 
and at the fiftieth hour with 3.5 per cent hydration, the concentration of dissolved 


TABLE II.-PARTIAL ANALYSIS OF EXTRACTS OBTAINED FROM HARDENED PASTES. 
The cements used in the preparation of the pastes contained 3.0 per cent SOn 



Partial Composition of 

Partial Analysis of Extract after Period of Hydration 
Indicated, g. per 100 ml. 

Clinker 





6 hr. 



24 hr. 



CsA 

NasO 

K2O 

SO3 

1 NasO 

K 2 O 

SOa 

NasO 

KaO 

No. 15367 

14.3 

0.17 

0.16 

0.1207 

0.0304 

0.0582 

0.0117 

0.0381 

0.0582 

No. 15900 

13.1 

0.36 

0.50 

0.1576 

0.0391 

0.1457 

trace 

0.19S2 

0.2963 

No. 15699 

10.1 

1.17 

0.46 

0.2142 

0.1643 

0.1351 

0.0055 

0,4333 

0.2088 

No. 15670 

2.4 

0.05 

0.23 

0.1120 

0,0003 

0JO216 1 

0.1140 

0.0116 

0,0370 

Saturated gypsum solution 



0.1220 







SO3. It is also shown that the peaks SO3 in the extracts from the three ce- 
become lower with each progressive, ments of high dCaO^AbOa content is 
increase in SO3 content. very low, and with the cement of low 

From these considerations it appears SCaO-AbOs content, the concentration 
that the action of calcium sulfate as a is very nearly that of a saturated gypsum 
retarder for cements of high 3Ca0*Ab03 solution. Thus, the results give further 
content depends upon the decreased solu- evidence of the rapid depletion of the 
bility of the anhydrous calcium alu- gypsum in the pastes prepared from ce- 
minateina saturated lime-gypsum solu- ments of high SCaO- AbOa content, and 
tion. This observation was further con- the relatively slow depletion of the gyp- 
firmed by chemical analysis of the sum with cements of low 3Ca0* Al203 
liquid phase extracted from hardened content. 

pastes and by expansion data obtained The reactions involved in the forma- 
from mortar prisms. tion of calcium sulfoaluminate are known 

Four cements, each containing gypsum to be accompanied by expansion of the 
equivalent to 3.0 per cent SO3 were mixed test specimen. Such expansion would 

in pastes with a water-cement ratio of be expected to continue as long as gyp- 
0.40 by weight. The pastes WOT placed ' sum^ is available for the formation of 
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calcium sulfoaluminate. With this in 
mindj mortar prisms containing cement 
1.0 party powdered silica 0.3 parts and 
standard Ottawa sand 2.3 parts by 
weight were made for length-change 
measurements. The pulverized silica 
was added to improve the plasticity of 
the otherwise harsh standard Ottawa 
sand mix. Cements of high 3CaO ^ AhOg 
content witli SOa varied were used. The 
prisms were removed from the molds at 
8 hr.j and length-change measurements 
were made with the specimens cured in 
water at 70 F. The results are recorded 
in Table III which shows: (1) the time 
at which the gypsum was depleted as 
indicated by the heat-liberation curves, 


table iil-expansion of mortar prisms 
clinker no. 1S367, SOs VARIED. 

Mixi Cement 1.0, powdered silica 0.3, standard Ottawa 
sand 2.3 by weight. 


SOs 

Coatent, 
per ce»t 

Specific 
Surface, 
sq. cm. 
per g. 

Hour W,hen 
Gypsum 
Was 

Depleted 
(from heat 
curves) 

Expansion, 
per cent 

8 to 

24 hr. 

24 hr. to 

7 days 

t.S. 

1850 

6th 

O.OOS 

0.009 

1.9 

1870 

8th 

0.006 

0.009 

2.4 

1890 

1.2th 

0.012 

0.007 

3,0 

1940 

24th 

0.032 

O.OOS 

3.S 

2000 

50th 

0,043 

0.026 


Fig* 7; (2) the expansion observed from 
8 hr. to 24 hr., and from 24 hr. to 7 days. 
The length-change measurements do not 
register expansion that occurs before the 
initial measurement at 8 hr. 

These data show that: (1) when the 
heat curves indicate that the gypsum is 
depleted in 8 hr. or less (as with 1.5 or 
1.9 per cent SO 3 ), the expansions from 8 
hr. to 24 hr. and from 24 hr. to 7 days are 
low; (2) when the heat curves indicate 
that the gypsum is not depleted within 
8 hr,, the expansions between 8 and, 24, 
hr. increase progressively with increasing 
SO 3 contents.; ( 3 ) when .the heat curves 
indicate that the gypsum is depleted 
within 24 hr., the expansions between 24 
hr. and 7 days are low; (4) when the heat 
curves indicate that the gypsum is not 


depleted within 24 hr, (3,5 per cent 
SOs), the expansions between 24 hr. and 
7 days are greater than that obtained 
from similar compositions of lower SO3 
content. Thus the results obtained by 
the two methods of observation, rate of 
heat liberation and rate of expansion, are 
in excellent agreement as to the time at 
which the gypsum is depleted. The 
results also indicate the need of an upper 
limit on the gypsum content to avoid 
undue expansion. This will be discussed 
in more detail below. 

Discussion of Previous Theories: 

In an investigation of retarders re- 
ported in 1934 Roller (10) concluded that 
retardation results from the formation of 
a protective film of hydrated tetracal- 
cium aluminate around the cement grains 
and that added gypsum reacts with the 
alkalies in the aqueous solution to form 
calcium hydroxide which promotes the 
formation of the tetracalcium aluminate. 
Forsen (11) concluded that retardation 
resulted from the formation of a protec- 
tive film of tetracalcium aluminate or 
calcium double salts (calcium sulfo- 
aluminates, etc.) He concluded also that 
in the absence of alkalies, lime alone was 
an adequate retarder, but with alkalies 
present gypsum was required to neu- 
tralize the alkalinity resulting from the 
solution of the alkalies. These investi- 
gators arrived at their conclusions from 
studies of the time of set as measured by 
the conventional penetration tests. 

The theory of the formation of a pro- 
tective film of hydration products does 
not adequately explain the data pre- 
sented above on the rates of heat 
liberation. The hydration products may 
partially seal the particles and thereby 
partially be responsible for the reduction 
in rate of subsequent reactions. How- 
ever, this phenomenon would not explain 
the occurrence of the subsequent rapid 
reactions that are coincident with the 
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depletion of gypsum. For example, in 
Fig. 4 the curve for the cement with 2.4 
per cent SO 3 shows a peak at 6 hr. fol- 
lowed by a decrease in the rate of reac- 
tion. If this decrease in the rate of heat 
liberation were to be explained entirely 
on the basis of the formation of a protec- 
tive him of hydration products, it would 
be dihScult to explain the subsequent 
disappearance of the protective him, as 
would be necessary, to permit the later 
rapid reaction and high rate of, heat 
liberation. The peak in the curve at 15 
hr. is actually higher than that at 6 hr. 



Fig. 8. — Rate of Hydration of Cements of 
Low 3 CaO • AI203 and Low Alkali Content With 
SO3 Varied. 


However, these conditions can be ex- 
plained from a consideration of the de- 
creased solubility of alumina in a lime- 
gypsum solution. 

The results obtained with another 
clinker of high SCaO-AbOs and low 
alkali content, clinker No. 16823, are 
similar to those shown in Fig. 7. The 
clinker has a higher 3 Ca 0 *Si 02 content 
than the one shown in Fig. 7. The 
higher 3CaO -8102 appears to accelerate 
the over-all hydration with the result 
that the delayed rapid reaction occurs 
earlier and the peaks are somewhat 
higher for comparable SO3 contents. 


The Influence of Gypsum upon the Rate 

of Hydration of Cements of Low 3CaO ^ 

AWb and Low Alkali Content: 

The effect of SO 3 content upon the rate 
of hydration of cements prepared from a 
clinker of low dCaO-AbO^ content (4.8 
per cent) and low alkali content, clinker 
No. 15623, is shown in Fig. 8 . As stated 
previously there is no evidence of a 
flash-set in the absence of gypsum; and 
the addition of gypsum accelerates the 
rate of heat-liberation at early ages. 
To explain this acceleration, some addi- 
tional facts must be called to mind. In 
a previous investigation ( 12 ) the author 
observed the accelerating effect of gyp- 
sum and explained the reactions on the 
basis of the formation of amorphous 
hydrated calcium ferrite and crystalline 
calcium sulfoferrite hydrate. In the 
absence of gypsum, 4CaO- Al 203 -Fe 203 
hydrates to form crystalline hydrated cal- 
cium aluminate and an amorphous hy- 
drated calcium ferrite. It seems prob- 
able that the amorphous hydrated cal- 
cium ferrite, by precipitation on the 
cement particles, retards the subsequent 
hydration of the particles. It may be 
observed from the immediate heats of 
hydration, Fig. 15, the diagram at the 
right, that in the absence of gypsum the 
heat liberated within the first 5 min. is 
relatively high. It is apparently during 
this interval that rapid hydration of the 
4 Ca 0 *Al 203 ‘ Fe 203 occurs and the hy- 
drated calcium ferrite precipitates. 
MacIntire and Shaw (13) found that in 
the system CaO — Fe 203 — S 0 ^H 20 a 
crystalline calcium sulfoferrite is formed. 
It is probable that when gypsum is added 
to the clinker of low 3CaO • AI 2 O 3 content, 
crystalline calcium sulfoferrite is formed 
in the cement paste and that in this state 
this compound does not seal the cement 
particles. 

The results obtained with cements pre- 
pared from two additional clinkers of low 
SCaO'AbOs and low alkali content 
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(clinker Nos. 15670 and 16890) are very 
similar to those obtained from clinker 
No. 15623 in Fig. 8. 

The Effect of the Alkolies on the Gypsufn 

Requirements of Cements: 

The effect of the alkali content of the 
cement upon the gypsum required for 
proper retardation cannot be definitely 
explained at this time. However, the 
experimental data will be presented and 
a tentative explanation will be given. 
The results obtained with cements of 
different SCaO-AbOs content and vary- 
ing alkali content indicate that the 
alkalies influence the rate of reaction of 
the cement. The characteristic differ- 
ences brought about by the higher alkali 
content are: (1) That at some of the 
lower SO3 contents the cement may give 
a heat-liberation curve somewhat similar 
to that of a properly retarded cement, 
whereas additional tests with higher SO3 
contents will show that they are not 
properly retarded; (2) That gypsum re- 
acts more rapidly with the cements of 
higher alkali content ; and (3) That higher 
SO3 contents are required for proper 
retardation of such cements. 

It seems probable that both the phase 
composition of the clinker and the con- 
centration of alkalies in the aqueous solu- 
tion influence the rate of hydration of the 
cement. The phase systems of portland 
cement clinker have not been completely 
solved and the state of combination of 
alkalies in the clinker is not entirely 
known. Insley and McMurdie (14) be- 
lieve that at least part of the alkalies are 
combined as a lime-alumina-alkali com- 
pound with a small amount of 4CaO* 
A1.203-Fe203 in solid solution. Some 
unpublished data obtained by the author 
have shown that the alkalies are readily 
soluble in the liquid phase of portland 
cement clinker and that a part of the 
alkalies are thus likely to be present in 
the glass. Kalousek, Jumper, and Tre- 


goning (IS) and Taylor (16) have found 
evidence that part of the K2O in the 
clinker may be present as K2SO4. 
Taylor (17) reports that under conditions 
of crystalline equilibrium the compound 
K2O • 23CaO • 12Si02 was found to exist 
in the region of the K2O — CaO — AWz 
— Si02— Fe203 system in which portland 
cement compositions fall. Probably, 
however, not all of the K2O is present as 
K2SO4, or K2O ' 23CaO • 12Si02 in commer- 
cial clinker since a state of crystalline 
equilibrium is seldom if ever fully 
attained. 

That at least some of the alkali-con- 
taining phases are attacked rapidly by 
water is evidence by the relatively large 
amounts of alkalies in the aqueous 
solution within a few minutes after mix- 
ing. Roller (10) observed this phenom- 
enon and Kalousek, Jumper and Tre- 
goning (15) found that of the total 
alkalies present in the clinker from 1 to 
S3 per cent of the K2O and from less than 
1 to as much as 30 per cent of the Na20 
dissolved in the mixing water in 7 min. 
Roller observed also that in the hydra- 
tion of clinker the solution of alkalies 
produced a high pH and decreased the 
Ca(OH)2 concentration of the aqueous 
solutions; with the addition of gypsum 
double decomposition occurs by reaction 
of the gypsum with the alkali hydroxides 
and the pH of the solution is decreased. 

The Effect of Alkalies on the Rate of 

Hydration of Cements of High 3CaO- 

The results obtained with cements 
prepared from a clinker of moderately 
high 3CaO- AI2O3 and high alkali content 
are shown in Fig. 9. This cement is low 
in Na20 and high in K2O, The curve 
for the cements containing 1.0 to 1.5 per 
cent SO3 show only moderate peaks at 
the fourth hour. As the SO3 content is 
increased to 2.4 or 3.0 per cent the peaks 
on the curves become abnormally high 
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and occur later. This phenomenon of 
increasing rates of hydration with in- 
creasing SO3 content cannot be definitely 
explained at this time though it appears 
to be associated with the alkali content 


alkali content. The curves for the 
cements of the latter type with low SO3 
contents have high peaks as shown in 
Fig. 7. With larger quantities of gyp- 
sum the abnormally high peaks are elim- 



Fig. 9.— Rate of Hydration of Cements of Medium SCaO-AlgOs With Low NaaO and High KsO 

Content With SO3 Varied. 



Fig, 10.— Effect of Alkali Content of the Cement in so far as it Influences the Effective SOs Content, 


of the cement. It has been observed 
with several cements of high or mod- 
erately high SCaO -AbOa and high alkali 
content but has not been observed with 
cements of high dCaO-AbOs and low 


inated with the cement of high alkali 
content and with 4.0 per cent SO 3 the 
curves meet the requirements of a 
properly retarded cement. 

The results obtained with ; cements 




Leech on Influence of Gypsum on Portlanb Cement Pastes 1267 


I 


prepared from four additional clinkers of obtained with cements of very similar 

high or moderately high 3 Ca0-Al203 and composition except for a difference in 

high alkali content (clinker Nos. 15900, alkali content. With the clinker of 

1S699, 16843, and 15498) are similar to higher alkali content (No. 15900) the 

those described in Fig. 9, gypsum becomes depleted at the seventh 



Fig. 11. — ^Rate of Hydration of Cements of Low 3CaO- AhOj With High NajO and Low KjO Content 

With SOa Varied. 



With cements of high dCaO-AhOs hour for the cement containing 2.4 per 
content the gypsum reacts more rapidly cent SO3 (indicated by the rapidly as- 
with cements of high or moderately high cending portion of the curve at the 
alkali content than it does with cements seventh hour) and at the tenth hour 
of low alkali content. This is illustrated with 3.0 per cent SO3. On the- other 
by Fig. 10 which compares the results hand, with the clinker of low alkali 
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conteixt (No. 15367) the gypsum does not 
become depleted until the eleventh hour 
for the cement with 2.4 per cent SO 3 and 
the twenty-third hour with 3.0 per cent 
SO3. With cements of high or mod- 
erately high dCaO'AhOg content larger 
additions of gypsum are required for 
proper retardation as the alkali content 
of the cement increases. From what has 
just been said, it seems probable that at 
least part of the alkalies are present in 
the aluminate phases, and that alu- 
minate phases containing alkalies react 
with gypsum more rapidly than do 
similar phases which are alkali free or of 
lower alkali content. 

The Eject of Alkalies on the Rate of 

Hydration of Cements of Low 3CaO- 

Al%Oz* 

The results obtained with cements 
prepared from clinkers of low 3CaO* 
AI 2 O 3 and high alkali content (Nos. 
16839 and 16831) are shown in Figs. 11 
and 12. The cements shown in Fig. 11 
are high in Na20 and low in K 2 O, those 
in Fig. 12 are low in Na20 and high in 
K 2 O. These cements require large addi- 
tions of gypsum for proper retardation 
and the cement high in Na 20 requires 
more gypsum than the cement high in 
K 2 O. As the SO 3 content is increased 
from 1.0 or 1.5 per cent to 2.4 per cent 
the peaks on the curves become higher 
and occur somewhat later. The cements 
of high Na20 content, Fig. 11 shows the 
third cycle of ascending and descending 
rates of hydration (the first cycle for 
the heat of immediate hydration is not 
shown) with 3.0, 3.5, and 4.0 per cent 
SO 3 . The cements high in K 2 O, Fig. . 12 , 
do not show the third cycle. With the 
clinkers of low SCa^O-AkOz content, the 
one high in Na20 (Fig. 11) requires 4.5 
per cent SO 3 to give the curve of a 
properly retarded cement, the one high 
in IC 2 O (Fig. 12) requires 3.0 per cent 


SO3, while that of low alkali content 
(Fig. 8) require only 1.9 per cent SO3. 

The Effect of Alkalies on the Rate of Reac- 
tion of Gypsum with the Calcium 

Aluminates: 

In the earlier discussion the action of 
gypsum in retarding the hydration of 
the aluminate phases was attributed to 
the fact that alumina is less soluble in a 
lime-gypsum solution than in a saturated 
lime solution. In the presence of the 
saturated lime-gypsum solution the 
aluminate phases dissolve at a retarded 
rate and react with lime and gypsum to 
form an insoluble calcium sulfoalum- 
inate. By this process the gypsum 
eventually becomes depleted and its 
concentration in the aqueous solution 
decreases. When this condition is 
reached, the solubility of alumina again 
increases and a rapid reaction will occur 
if sufficient unhydrated calcium alumi- 
nates are available. This rapid reaction 
causes the abnormal peaks on the heat- 
liberation curves, sometimes observed as 
an abnormally high peak during the 
second cycle of ascending and descending 
rates and sometimes as a third cycle of 
ascending and descending rates. At this 
stage hydrated calcium aluminates are 
being formed in the paste. To bring 
out more clearly the relationship between 
the SO3 concentration of the aqueous 
solutions and the appearance of the ab- 
normal peaks on the curves some addi- 
tional analyses were made of the aqueous 
solutions extracted from hydrating 
pastes. For this purpose two cements 
prepared from clinker No. 16839 were 
used, one with 3.5 per cent SO3 and the 
other with 5.0 per cent SO3. For these 
tests 200 g, of cement was mixed with 
225 ml. of water and the paste was 
agitated continuously until the time of 
test. The clear liquid was then filtered 
off and analyzed. The partial analyses 
of the extracts are given in Table IV. 
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The results show that up to the 
seventh hour the compositions of the 
liquid extracts obtained from the two 
cements are almost identical, and during 
this time the rates of hydration of the 
two cements are identical, Fig. 11. At 
the twelfth hour the SO3 concentration 
of the liquid extract obtained from the 
cement with 3.5 per cent SO3 is consid- 
erably lower than it was at the seventh 
hour, and at the eighteenth hour it is 
practically nil. On the other hand, the 
SO3 concentration of the liquid extract 
obtained from the cement with 5.0 per 
cent SO3 increases from the seventh to 


TABLE IV.—PARTIAL ANALYSES OF LIQUID 
EXTRACTS OBTAINED FROM HYDRATING 
PASTES. 


Cements prepared from clinker No. 16839; CaA, 6.2; 
Na20, 1.01; KaO, 0.10 per cent. 


Time of Extraction 


Analysis, g. per liter 


SOa 


CaO 


NaaO 


K2O 


Cement with 3,5 per cent SO 3 


IQ min.. 

2.181 

1.325 

1.974 

0.402 

4 hr 

2.137 

1.370 

2.214 

0.425 

7 hr 

2.404 

1,235 

2.567 

0.450 

12 hr 

1.444 

0.485 

3.259 

0.518 

18 hr 

0.002 

0.130 

4.949 

0.560 


Cement with S.O per cent SO 3 


10 min 

2.200 

1.295 

1.924 

0.409 

4 hr 

2.144 

1.380 

2.167 

0.396 

7 hr ' 

2,444 

1.225 

2.542 

0.415 

12 hr i 

3.027 

1.010 

3.220 

0.499 

18 hr j 

3.243 

0.865 

3.681 

0.495 


at the time the gypsum becomes de- 
pleted and its concentration in the 
aqueous solution decreases. 

With cements of similar SCaO-AbOa 
content the alkalies influence the rate of 
reaction of gypsum v/ith the cements, 
those of high alkali content reacts with 
gypsum more rapidly than those low in 
alkalies. This observation is based on 
the results of analysis of liquid extracts 
given in Table V. 

With the cement of high alkali content 
(No. 16839) the gypsum, equivalent to 
3.5 per cent SO 3 , has completely reacted 


TABLE v.— THE EFFECT OF THE ALKALIES ON 
THE RATE OF REACTION OF GYPSUM WITH 
CEMENTS OF SIMILAR 3Ca0-Al203 
CONTENT. 


Time of 
Extraction, 
hr. 

Partial Analyses of Liquid Extracts 
Obtained from Hydrating 

Pastes, g. per liter 


SOs 

CaO ^ 

Na20 

KzO 

Clinker No. 16839— Cs A, 6.2; NaaO, 1.01; 

’ SO 3 , 3.5 PER CENT 

KaO, 0.10; 

4 

2.14 

1.37 

2.21 

0.43 

7 ...... 

2.40 

1.24 

2.57 

0.45 

12 

1.44 

0.49 

3.26 

0.52 

18 

0.00 

0.13 

4.95 

0.56 

30 

0.00 

0.12 

5.19 

0.55 


Clinker No. 16890— C 3 A, 5.1; NaaO, 0.32; K20, 0.02; SOs, 
3.5 PER CENT 


4 

1.19 

2.08 I 

0.35 

0-06 

7 

1.20 

1.90 1 

0.49 

0,06 

12 

1.26 

1.70 1 

0.64 

0.10 

18 

1,31 

1-57 I 

0.77 

0.09 

30 

1 

0.93 

1.22 

0.86 

0.11 


the twelfth hour and from the twelfth to 
the eighteenth hour. The heat-libera- 
tion curves, Fig. 11 show that the rates 
of hydration of the two cements are al- 
most identical up to the tenth hour. 
At the twelfth hour the third cycle of 
ascending rate of heat liberation is just 
starting for the cement with 3.5 per cent 
SO3 and its rate of hydration then be- 
comes higher than that of the cement 
with S.O per cent SO3. Thus these re- 
sults give further evidence that the 
gypsum functions as a retarder by its 
presence in the aqueous solution, and 
that the delayed rapid reaction occurs 


in 18 hr. or less as shown by the absence 
of SO3 in the extract, whereas with the 
cement of low alkali content (No. 16890) 
the gypsum has not completely reacted 
in 30 hr. These results seem to indicate 
that at least part of the alkalies are 
present in the aluminate phases, and that 
the aluminate phases containing alkalies 
hydrate more quickly than do aluminate 
phases which are alkali free or of lower 
alkali content. Thus, it seems probable 
that the effect of the alkalies on the 
gypsum requirements of cements of 
similar dCaO-AbOs content may be ac- 
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counted for on the basis of their influence 
on the rate of hydration of the aluminate 
phases. 

The Relative Efect of Gypsum and Plaster 
of Paris: 

Forsen (II) concluded that, used as 
retarders, gypsum (CaS 04 * 2 H 20 ) and 
plaster of Paris (CaS04*iH20) would not 
behave in the same manner. He be- 
lieved that with the addition of gypsum 
a saturated calcium sulfate solution was 
formed and under these conditions 
3CaO • AI 2 O 3 • CaS 04 * I 2 H 2 O precipitated 
as a protective film on the cement 
particles; but with the addition of plaster 
of Paris a supersaturated calcium sulfate 
solution was formed with the result that 

TABLE VI.—EFFECT OF DEHYDRATION OF 
GYPSUM UPON THE HEATS OF IMME- 
DIATE HYDRATION. ' 


Cement 

d 

§ d 
d 

Specific Sur- 
face, sq.cm, 
per g. 

Condition 
of Cement 

Immediate Heat 
of Hydration, 
cal. per g. 

_ 


Uui 

6 

CO 1 

i 

1 

15m. 

30m. 

Clinker No. 15367-C3S, 4S.S; CaS, 28.4; C»A, 
C 4 AF, 6,7 

14.3; 

No. 15754, . . 

2.4 

1800 

Original 
Heated at 

3.9 

4.3 

4.5 

4.8 

No. 1S754. . 

2.4 

1800 

250 F. for 
18 hr. 

4.1 

4.6, 

4.7 

5.0 


3CaO * AI2O3 • 3 CaS 04 • 3 IIH 2 O crystal- 
lized from the solution without forming 
a protective film. Thus Forsen con- 
cluded that gypsum retards the set but 
that plaster of Paris does not. 

To examine Forsen^s hypothesis of the 
effect of gypsum and plaster of Paris 
upon the rate of heat liberation, a cement 
was selected which had been ground in a 
laboratory mill at a low temperature, 
75 F. Little, if any^ dehydration of gyp- 
sum would be expected at such a low 
grinding temperature. A portion of the 
cement was heated to 250 F. for 18 hr. to 
dehydrate the gypsum. The rates of 
heat liberation were determined for the 
original cement and the heated cement; 
the results are given in Table VI and 


Fig. 13., These results show that the 
dehydration of the gypsum caused no 
appreciable change in the rates of heat- 
liberation. Thus it appears that the 
difference in the time of set, as observed 
by Forsen, resulted from the set of plaster 
of Paris per se, and not from any differ- 
ence in the chemical reaction of the 
cement. 

The Effect of Specific Surface upon the 

Rate of Hydration: 

The five commercial clinkers ground 
at the plant to three degrees of fineness 



Fig. 13. — R,elative Effect of Gypsum and Plaster 
of Paris Upon the Rate of Hydration. 


were used to determine the effect of fine- 
ness upon the rate of heat liberation. 
The pastes were mixed and cured at 75 F. 
and the rates of heat liberation were de- 
termined for the first 72 hr. It will be 
shown from the results of these tests that: 
(1) The maximum rate of heat liberation 
becomes higher as the specific surface 
increases. (2) With cements of high 
SCaO-AkOa content the. maximum rate 
of heat liberation becomes abnormally 
high at the higher specifitC' surface when 
the SO3 content is maintained constant. 
When the SO® content of the cements in 
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Fig. 14. — Effect of Specific Surface Upon the Heat of Hydration 
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the higher range of specific surface is 
sufficiently high, the maximum rate of 
heat liberation is proportional to the 
increase in specific surface. (3) With 
cements of low SCaO-AbOs content, the 
maximum rate of heat-liberation becomes 
higher by an amount proportional to the 
increase in the specific surface. 

The results obtained with cements 
prepared from the clinkers of highest 
dCaO-AlaOs content (Nos. 15367 and 
15498) are given in Fig. 14(a) and (c). 
With cements ground to specific surface 
of 1200, 1500, and 1800 sq. cm. per g., 
respectively, the rates of heat liberation 


■^content than the other cements shown in 
Fig. 14(a). Some additional tests were 
made with this cement in which pow- 
dered gypsum was added to the cement. 
The results are given in Fig. 14(&). 
When the SO 3 content is increased to 2.4 
per cent the rate of reaction during the 
second cycle is decreased appreciably, 
but remains abnormally high as com- 
pared with the cement at 1800 sq. cm. 
per g. with the same SO 3 content. When 
the SO3 content is increased to 3.0 per 
cent the rate of reaction during the sec- 
ond cycle is again decreased and is higher 
than the rate obtained at 1800 sq. cm. 



Fig. 15. — Heat of Immediate Hydration With SO 3 Varied. 


within the first ten hours become 
progressively higher and become higher 
by amounts proportional to the increase 
in specific surface. With the cements 
prepared from clinker No. 15367 there is 
a third cycle of rapid heat liberation (the 
first cycle, the heat of immediate hydra- 
tion is not shown in these figures) and as 
the specific surface is increased the peak 
of the third cycle becomes higher and 
occurs at an earlier age. With the ce- 
ments of higher specific surface (2280 
sq. cm. per g. in Fig. 14(a) and 2500 sq. 
cm. per g. in Fig. 14(c) the rate of heat 
liberation during the second cycle is 
abnormally high. The cement ground 
to 2280 sq. cm. per g, has a lower SO 3 


per g. by an amount approximately pro- 
portional to the increase in specific 
surface. 

The results obtained with cements 
prepared from the clinkers of lower 
3 Ca 0 -Al 203 content (Nos. 15699, 15623, 
and 15670) are shown in Fig. 14((/), (c), 
and (/). The effect of increasing the 
specific surface was unlike that when 
using cements high in dCaO-AhOs con- 
tent in that even with the highest specific 
surface no evidence of a deficiency of 
gypsum developed. 

It is apparent that the results obtained 
from varying the specific surface are like 
those obtained by varying the SO3 con- 
tent. With cements of low 3CaO • 
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AI 2 O 3 content, gypsum in amounts equiv« 
alent to 2.0 per cent SO 3 provides normal 
retardation for the range of specific 
surfaces investigated. Such increases 
in the rate of heat liberation as are ob- 
served are to be expected from the 
increased rate of hydration resulting 
from the higher specific surface. With 
cements of higher SCaO-AbOs content 
it appears that with increasing specific 
surface, a larger portion of the aluminate 
phases becomes available for reaction at 
early ages and larger quantities of gyp- 
sum are required for proper retardation 
as measured by rates of heat-liberation. 

The Beat of Immediate Hydration: 

The curves showing heat of immediate 
hydration includes the heat liberated 
within 30 min. after water is added to the 
cement. The heats of immediate hydra- 
tion were determined by means of the 
bottle calorimeter. The effect of SO3 
content upon the heats of immediate hy- 
dration for cements of the same specific 
surface is shown in Fig. 15. The heats 
of immediate hydration are higher for 
cements of high 3CaO • AI 2 O 3 content than 
for cements of low 3 Ca 0 *Al 203 content 
and become lower with increasing SO3 
contents. For cements of the same 
dCaO -AbOa content variations in alkali 
content appear to have very little effect 
on the heats of immediate hydration. 
The effect of specific surface is shown in 
Fig, 16. The heats of immediate hydra- 
tion become higher as the specific surface 
increases. A large percentage of the 
total heat liberated within the first 30 
min. is liberated within the first 5 min. 

The results obtained for the heats of 
immediate hydration are in accord with 
the theory that the lime-gypsum solution 
is the effective retarder. With increas- 
ing quantities of gypsum the solution be- 
comes saturated with gypsum more 
quickly, and the heat of immediate hy- 
dration is decreased. As the specific 
surface is increased with the gypsum 


constant, a larger portion of the alu- 
minate phases is available for immediate 
reaction with the mixing water — before 
the solution becomes saturated with gyp- 
sum — and the heats of immediate hydra- 
tion become larger. 

Effect of Gypsum on the Cumulative Meats 
of Hydration: 

Since gypsum alters the rate of hydra- 
tion at early ages, it would be expected 
that the cumulative heats of hydration 
would be altered likewise. That this is 
true is shown by the date given in Table 
VII. The first additions of gypsum 
increase the heats of hydration while 
with larger additions of gypsum the 
values decrease. The quantity of gyp- 
sum required to obtain the highest heats 
of hydration is not the same for all 
clinkers, nor is it the same at all ages 
for the same clinker. The relationship 
between the heats of hydration at 1 and 
3 days and the strengths at these ages 
will be discussed later. 

The Influence of Gypsum on the 
Physical Properties of the 
Hardened Paste 

In the data already presented it has 
been shown that varying the gypsum 
content of the cement very definitely al- 
ters the rate of hydration at early ages 
and alters the hydration products that 
are formed. It seems probable that such 
changes in the hydration process would 
produce differences in the structiire of 
the hardened paste and thereby alter the 
physical properties of the hardened 
paste. Previous investigators have 
found that gypsum influences the proper- 
ties of Portland cements. Kiihl and 
Lu ( 18 ) found that shrinkage can be 
reduced by proper additions of gypsum 
and that the quantity of gypsum re- 
quired to obtain the lowest shrinkage 
would increase with the 3CaO • AI2O3 
content of the cement. Haegerman ( 19 ) 
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TABLE VII.—THE EFFECT OF GYPSUM ON THE CUMULATIVE HEATS OF HYDRATION-SERIES 287. 

Neat cement pastes, water-cement ratio *= 0.40 by weight. 


SO®, 

■ per cent 


Heat of Hydration, cal. per g. for Period Indicated 


5 min. 

10 min. j 

30 min. 

2 hr. 

4 hr. 

1 8 hr. 

12 hr. 

16 hr. 

24 hr. , 


48 hr. 72 hr. 


Clinkers of High SCaO-AlsOa and Low Alkali Content 
Clinker No. 15367, CaA, 14.3; Na20, 0.17; KsO, 0..16 per cent 


4.1 

4.6 

5.3 

6.6 

9.0 

24.8 

28.2 

32.4 

39.8 

54.3 

63.5 

3.8 

4.2 

5.0 

6.3 

9.3 

20.9 

35.8 

39.7 

46.2 

59.2 

68.1 

■ 3.5 

3.9 

4.6 

6.1 

9,5 

21.5 

31.1 

45. 9 

53,0 

65. S 

73.8 

3.3 

3.8 

4.5 

5.9 

9.2 

20.9 

28.8 

33.7 

42.3 

65,1 

72.8 

3.3 

3.7 

4.5 

6.1 

10.0 

23.1 

30.9 

35.6 

42.2 

59.8 

75.1 


l.S 

1.9 

2.4 
3.0 

3.5 


Ciinker No. 16823, CaA, 12.5; NaaO, 0.05; KsO, 0.25 per cent 


1.0 

3.6 

4.1 

5.3 

6.9 

10.5 

17.7 

19.4 

22.6 

33.7 

58.6 

72.1 

1.5 

3.3 

3.9 

4.8 

6.4 

10.5 

32.4 

37.4 

42.8 

51.4 

67.0 

76.1 

1.9 

3.1 

3.7 

4.6 

6.1 

10.6 

37.5 

44.3 

49.1 

56.3 

68.8 

77.1 

2.4 

3.1 

3.6 

4.4 

5.9 

10.3 

30.0 

Sl.O 

55.5 

61.9 

72.8 

79.5 

3.0 

3.1 

3.5 

. 4.4 

5.8 

10.1 

28.8 

42.4 

51.8 

60.4 

71.7 

79.5 

3.5 

3.0 

3.5 

4.4 

5.8 

9.8 

28.2 

40.4 

47.5 

57.3 

71.5 

78.8 

4.0 

3.1 

3.5 

4.3 

5.7 

9,6 

27.5 

39.7 

45.8 

53.4 

69.5 

77.6 


Clinkers of High oh Moderately High SCaO-ALOa and High or Moderately High Alkali Content 


Clinker No. 15900, CaA, 13.1; NasO, 0.36; KsO, O.SO per cent 


1.5 

4.3 

4.8 

5.4 

6.7 

9.4 

16.8 

23.4 

27.0 

37,0 

53.6 

66.1 

1.9 

4.7 

5.4 

5.9 

7.1 

9.7 

27.0 

33.2 

38.1 

45.5 

60.6 

70.3 

2.4 

4.7 

5.0 

5.8 

7.1 

10.2 

24.3 

44.2 

48,4 

54.4 

68.4 

74.7 

3.0 

4.2 

4.6 

5.3 

6.6 

9.8 

23.5 

45.1 

53.4 

59.3 

69.7 

75.6 

3.5 

4.0 

4.5 

5.1 

6.6 

10.0 

23.9 

34.0 

45.2 

60.2 

70.6 

76.6 


Clinker No. 15498, CaA, 11.2; NaaO, 0.31; KaO, 0.42 per cent 


1.0 

3.7 

4.1 

4.8 

8.0 

14.3 

21.8 

28.1 

32.1 

42.0 

60.1 

72.8 

1.5 

3.5 

3.9 

4.6 

7.1 

13.9 

29.3 

35.5 

39.2 

45.2 

S9.3 

70.0 

1.9 

3.2 

3.5 

4.3 

6.8 

13.2 

29.2 

39.1 

43.6 

49.4 

63.1 

73.7 

2.4 

3.2 

3.6 

4.3 1 

6.9 

14.2 

31.1 

39.7 

45.5 

53.8 

69.5 

78.4 

3.0 

2.9 

3.2 

4.1 j 

6.9 

15.0 

32.4 

40.4 

45.5 

52.9 

66.2 

76.1 


Clinker No. 16843, CaA, 11.0; NaaO, 1.03; KsO, 0.06 per cent 


l.S 

4.0 

4.6 

5.7 

8.0 

12.2 

17.8 

22.6 

28.1 

37.1 

55.2 

67.2 

1.9 

4.0 

4,4 

5.3 

7.1 

12.0 

24.6 

30.4 

35.0 

42.1 

59.2 

68.7 

2.4 

3.7 

4,3 

5,2 

7.4 

13.0 

33.0 

41.1 

45.6 

52.1 

67.8 

73.3 

3.0 

3.7 

4.1 

S.l 

7.6 

13.9 

28.4 

40.3 

48.7 

59.3 

69.0 

72.9 

3.5 

. 3*7 

4.1 

4.9 

7.0 

12.9 

27.7 

35,8 

42.1 

52.7 

67.7 

72.0 

4.0 

3.6 

4.0 

4.8 

7.0 

13.3 

28.0 

35.2 

39.8 

47.0 

65.3 

72.1 

4.5 

3.3 

3.8 

4.6 

6.7 

14.3 

29.9 

37.0 

40.9 

46,1 

53.8 

57.9 


Clinker No. 15699; CaA, 10.1; NaaO, 1.17; KaO, 0.46 per cent 


1.0 

2.6 

3.5 

4.6 

6.7 

10.1 

19.5 

27.1 

32.6 

40.6 

59.9 

68.9 

1.5 

2.6 

3.4 

4.2 

5.7 

9,9 

22.8 

28.6 

33.3 

41.8 

61.4 

68.9 

1.9 

2.8 

3.4 

4.1 

6.2 

10.8 

26.8 

33.1 

38.2 

46.5 

65.2 

71.5 

2.4 

2.7 

3.3 

4.0 

5.8 

10.1 

31.4 

39.5 

45.0 

53.6 

70.5 i 

74.7 

3.0 

2.8 

3.3 

. 4.0 

5.8 

10.1 

27.6 

42.6 

48.1 

56.3 

69,0 

73.0 


Clinker No. 16827, CaA, 8.1; NaaO, 0.04; EaO, 1.37 per cent 


1.0 

#!•! 

S.l 

6.8 

9.8 

14.9 

23.8 

29.7 

34.7 

42.6 

57.8 

65.4 

1.5 

3.6 

4.4 

5.2 

7.2 

11.6 

22.2 

28,4 

34.2 

42.8 

58.3 

65.9 

1.9 

3.4 

4.1 

5.3 

7.2 

12.9 

28.3 

34.2 

39.4 

47.2 

61.9 

69.3 

2.4 

3.3 

4.0 

4.8 

6.9 

12.2 

34.6 

41.1 

45.5 

52.0 

64,9 

70.6 

3.0 

3.3 

3.9 

4.7 

6.6 

11.4 

28.7 

43.2 

47.4 

53.3 

63.4 

67.8 

3.5 

3.2 

3.8 

4,7 

6.9 

12.1 

27.5 

40.2 

47.5 

55.0 

65.1 

69.7 

4.0 

3.3 

3.8 

4.7 

6.6 

11.4 

25,5 

33,6 

39.2 

47.4. , 

61.9 

69.1 


Clinkers of Low SCaO-ALOa and Low Alkali Content 
Clinker No. 16890, CaA, 5.1; NaaO, 0.32; KaO, 0.02 per cent 


2.6 

3.0 

3.7 

4.9 

6.5 

8.9 

12,1 

15.3 . 

20.8 

29.7 

2.4 

2.8 

3.4 

S.l 

9.3 

18.8 

22.7 

24.9 

28.4 

34.9 

2,4 

2.9 

3,5 

5.2 

9.8 

18.9 

24.8 

28.4 

32.4 

37.9 

2.6 

2.9 

3.S 

5.1 

9.6 

18.7 

23.9 

■■ 27.2 

31.8 

38,9 

2.3 

2.7 

3.4 . 

5.4 

10.3 

19.3 

24.1 , 

27,.!'^ 

31.0 

37.7 

2.4 

2.8 

3.5 i 

5.3 

9.6 

18.8 

23.9 

26.8 

31.4, 

36.3 

2,3 

2.7 

3.4 i 

4.7 

9.1 

17.9 

22.6 

. 25.3 

28.5 

33,5 
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TABLE Y51.-CQniimei 


SOs, 

Heat of Hydration, cal. per g. for Period Indicated 

per cent 

S min. 10 min. :30 mm. j 2 hr. 

4 hr. 

8 hr. 

12 hr. 

16 hr. 

24 hr. 

48 hr. 

72 hr. 


Clinker No. 15623, CsA, 4.8; NaaO, 0.05; KsO, 0.18 per cent 


0.03 

4.0 

4.S 

S.O 

5.6 

5.9 

6.7 

9.1 

15.0 

28.1 

44.6 

51.9 

1.0 

2.3 

2,S 

3.1 

4.0 

7.7 

18.5 

24.4 

27.8 

32.8 

39.4 

44.1 

l.S 

2.0 

2.3 

2.9 

3.9 

7.8 

19.2 

27.1 

31.6 

37.0 

45.2 

49.6 

1.9 

1.9 

2.2 

2.8 

3.8 

7.9 

20.3 

28.4 

33.6 

39.8 

48.5 

53.4- 

2.4^ 

2.0 

2.3 

2.8 

4.1 

8.1 

20.5 

28.2 

32.9 

38.9 

48.2 

53.7 


Clinker No. 15670, CbA, 2.4; NaaO, 0.05; KaO, 0.23 per cent 


0.17 

2.0 

2,4 

3.1 

3.5 

3.8 

S.O 

9.1 

14.2 

20.2 

29.4 

33.2 

' 1.0 

1.8 

2.0 

2.6 

3.0 

3.7 

10.7 

17.8 

21.3 

25.1 

30.2 

33.5 

1.5 

l.S 

1.7 

2.3 

2.7 

3.5 

11.0 

18.3 

22.5 

27.5 

33.7 

37.3 

1.9 

1.4 

1,5 

2.1 

2.5 

3.5 

11.9 

19.4 

23.6 

28.6 

35. 3 

38.9 

2.4 

1.4 1 

1.6 

2.2 

2.6 

3.5 

11.6 

19.3 

23.6 

28.2 

34.2 

36.9 


Clinkers of Low SCaO-AlaOs and High Alkali Content 
Clinker No. 16839, CaA, 6,2; NaaO, 1.01; KaO, 0.10 per cent 


l.S 

3.9 

4.7 

5.5 

6.8 

9.2 

12.6 

15.4 

18.2 

23.3 

34.2 

42.5 

1.9 

3.9 

4.5 

5,0 

5.8 

8.2 

16.2 

18.8 

21.2 

26.4 

36.6 

43.9 

2.4 

3.9 

4.4 

5.2 

6.2 

8.8 

21.8 

26.5 

29.3 

33.8 

45.1 

49,9 

3.0 

3.7 

4.2 

5.0 

6.2 

8.7 

18.1 

29.8 

35.0 

39.7 

48.5 

52.2 

3.5 

3.7 

4.2 

5.0 

6.0 

8.8 

18.4 

26.0 

35.2 

41.0 

47.1 

49.5 

4.0 

3.7 

4.1 

4.8 

6.3 

9.1 

18.9 

25.9 

30.5 

40.2 

49.0 

53.8 

4.5 

3.6 

4.0 

4,8 

6.1 

9.4 

19.6 

26.4 

30.5 

37.2 

45.0 

50.2 


Clinker No. 16831, CaA, 5.7; NaaO, 0.05; KaO, 1.37 per cent 


1.0 

l.S 

2.3 

3.7 

S.2 

9.6 

17.8 

21.2 

23.7 

27.3 

37.6 

44.2 

l.S 

2.0 

2.6 

3.7 

4.4 

6.9 

19.5 

26.9 

30.5 

35.1 

43.6 

48.5 

1.9 

2.0 

2.7 

3.7 

4.5 

7.1 

21.0 

31.0 

36.0 

40.9 

49.6 

54.3 

2.4 

2.0 

2.6 

3.7 

4.7 

7.7 

21.0 

32.3 

38.0 

43.8 

53.2 

58.3 

3.0 

2.0 

2.7 

3.6 

4.3 

7.5 

20.3 

29.9 

35.9 

42.8 

53.3 

58.5 

3.5 

2.0 

■ 2.7 

3.5 

4.5 

7.1 

18.5 

27.0 

32.1 

38.5 

48.9 

54.9 

4.0 

l.S i 

2.2 

3.4 

4.4 

7.3 

19.2 

27.9 

32.5 

38.1 

47.5 

52.6 



Fig. 16. — ^Heat o£ Immediate Hydration With Specific Surface Varied. 


found that the quantity of gypsum 
required to obtain the highest strength 
and lowest shrinkage would depend on 
the, SCaO-AbOs content of the cement. 
With cements of high SCaO-AbOs con- 


tent the quantity of gypsum required 
would be larger than that permitted by 
present specifications. 

No attempt was made in the tests re- 
ported here to examine the structure of 
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TABLE VIII.— STRENGTH AND MODULUS OF ELASTICITY OF MORTAR PRISMS— SERIES 287 

One 2 by 2 by 9^-in. prism made on each of two days for each age of test. • i . 

Each flexural strength value and Young’s modulus is the average of two tests, each compressive strength value is 
the average of four tests — ^modified 2-in. cubes. 

Mix: Cement 1.0, pulverized silica 0.3, standard Ottawa sand 2.3. 


Young’s Modulus of Elas- 
ticity, E, psi. X 10”8 


Flexural Strength, psx. 

Compressive Strength, psi. 








in 


1 

CO CO 

•x) 

i ^ 

cA 

^ & 

1 

d 

0 

2 a 

u 



cs 

t<5 1-4 



(M to 



Clinkers of High 3Ca0*Al203 and Low Alkali Content 
Clinker No. 15367, CsA, 14.3; NaaO, 0.16; KaO, 0.17 per cent 


5.02 

195 

575 

770 

890 

845 

880 630 

2700 

4610 

6 650 

6 940 

6 990 

1.7 

3,7 

4.6 

5.3 

5.3 

5.6 

5.02 

290 

675 

815 

1000 

980 

960 1000 

2970 

4830 

7 250 

8 240 

8 380 

2,3 

3.9 

4.7 

5.3 

S.S 

5.7 

5.02 

320 

670 

860 

1025 

970 

980 1380 

3440 

5320 

7 830 

8 370 

8 840 

2.7 

4.1 

4.8 

5.5 

5.7 

6.0 

5.02 

275 

640 

870 

1030 

1100 

1045 1300 

3530 

5610 

7 830 

8 940 

8 700 

2,5 

4.1 

5.0 

5.5 

5.9 

6.0 

5.02 

270 

640 

905 

990i 

1010 

1020 1180 

3740 

5580 ! 

7 680 

8 370 

8 530 

2.4 

4.3 

5 .I 1 

SM 

5.8 

5.9 


Clinker No. 16823, CsA, 12.5; Na20, 0.05; K 2 O, 0.25 per cent 


4.82 

105 

805 

1095 

1035 

1075 

840 

560 

4360 

6810 

8 440 

8 640 

8 310 

1.6 5.0 

5.7 

6,1 

6.4 

6.2 

4.82 

380 

865 

1185 

1000 

1045 

945 

1750 

5560 

7620 

9140 

9 580 

9 350 

3.3 5.2 

6.0 

6.3 

6.5 

6.4 

4.82 

530 

90S 

1055 

1050 

1050 

1010 

2160 

5840 

7910 

9 980 

10 080 

9180 

3.6 5.3 

6.0 

6.5 

6.5 

6,4 

4.82 

590 

935 

1300 

1245 

1160 

1110 

2870 

6330 

8630 

10 280 

10180 

10 0(30 

4.0 5.4 

6.2 

6.5 

6.6 

6.7 

4.82 

665 

935 

1030 

990 

1105 

1040 

3290 

6460 

8780 

9 790 

10 140 

10 030 

4.4 5.5^ 

6.2 

6.4 

6.7 

6.5 

4,82 

585 

950 

1085 

1140 

1120 

1120 

3250 

6400 

7990 

9 780 

9 320 

9 960 

4.4 s.s: 

6.2 

6.4 

6.4 

6.5 

4.82 

510 

925 

1050 

1130 

1100 

1060 

2720 

6360 

8230 

9 350 

9 540 

9 980 

3.7 5.5 

6.0 

6.3 

6.4 

6.6 


Clinkers or High or Moderately High SCaO-ALOs and High or Moderately High Alkali Content 
Clinker No. 15900, CaA. 13,1; NasO, 0.36; KaO, 0.50 per cent 


l.S 

4.85 

215 

565 

720 

890 

1025 

1015 

700 

3020 

4440 

6 8.50 

7 940 

7 980l 

: 1.9 

4.0 

4.6 

5,8 

5.9 

6.1 

1.9 

4. 85 

325 

635 

795 

885 

960 

990 

1140 

3330 

4880 1 

6 790 

8 320 

8 290 

2,7 

4.3 

4.9 

S.S 

5.9 

6,1 

2.4 

4.85 

420 

725 

795 

975 

1055 

950 

1600 

3760 

5070 * 

7 090 

8 010 

8 620 

3 . 1 I 

4.3 

4.9 

S.4 

5.9 

6.2 

3.0 

4,85 

430 1 

795 

855 1 

1005 

1125 

1095 

2030 

i 4210 

5570 

7 510 

8 440 

8 960 1 

3.3 

4.6 

5,0 

5,7 

6.1 

6.2 

3.5 

4,85 

450 

790 

870 

1045 

1065 

1085 

2140 

4410 

5710 

7 480 

8 420 

9 190 

3.6 

4.7 

5.2 

5.7 

6.1 

6.2 

S.O 

4.86 

330 

515 

795 

985 

1115 

1155 

1610 

3290 

5220 

7 760 

9 280 

10 390 

2.9 

4.2 

5.1 

5.8 

6.3 

6,4 


Clinker No. 15498, CsA, 11.2; NaaO, 0.31; iCsO, 0.42 per cent 


4.90 

215 

720 

1030 

975 

855 

915 

900 

4150 1 

6800 

7 820 

8 200 

8140 

1.7 

4,2 

5.3 

5.6 5.6 

5.8 

4.90 

360 

785 

1000 

980 

915 

940 

1480 

4420 1 

686(7 

8 3601 

8 490! 

8 620 

2.6 

4.4 

5,4 

5.7 5.8 

6.0 

i 4.90 

445 

830 

1015 

1085 

99S| 

955 

1980 

4720 

7190 

8070* 

8 790 

9 030 

3.31 

4.7 

5.6 

5.8 6.0 

6.2 

4.90 1 

455 1 

845 

1125! 

1060 

1020 

1055 

2140 

5230 1 

7280 

8 390 

8 950 

9 300 

3.4: 

4.9 

5.7 

5.9 6.0 

6.2 

4.90 1 

380 

835 

1015 

1170 

1170 

1035 

2040 

5240 

7290 

8 660 

9 250 

9 290 

3.2j 

4.9 

5.7 

6.0 6.1 

6.2 


Clinker No. 16843, CaA, 11.0; NaaO, 1.03; KaO, 0.06 per cent 


l.S 

4.70 

285 

750 

920 

1065 

1045 

1110 1010 

3720 

5360 

7 030 

7 460 

8 380 

2.4 

4.7 

5.6 

6.3 

6,6 

6.7 

1.9 

4.70 

400 

860 

925 

960 

1005 

1105 1540 

4180 

5500 

7 270 

7 820 

8 430 

3.2 

4.8 

5,8 

6.4 

6.5 

6.7 

2.4 

4.70 

570 

900 

940 

1050 

1025 

1025 2100 

1 4640 

5820 

7190 

7 780 

8 700 

3.7 

5.3 

6.0 

6.4 

6.5 

6.7 

3.0 

4.70 ' 

575 1 

875 

965 

985 1 

1085 

1165 2640 

4740 

5820 1 

7110 

7 560 

8 420 

4.1 

S.S 

6.1 

6,3 

6.5 

6.8 

3.5 

4.70 

555 

850 

1035 

1030 

1125 

nos 2640 

4880 

5930 

7 070 

7 830 

8 630 

4.2 

S.S 

6.0 

6.3 

6.6 

6.7 

4.0 

4.70 

435 

815 

965 

1020 

1110 

1170 2260 

4960 

6300 

7 430 

8 180 

8980 

3.8 

s.s 

6.2 

6.2 

6.5 

6.7 

4.5 

4.70 

405 

740 

940 

1040 

1135 

1180 2060 

4530 

6090 

7 870 

8 650 

9 500 

3.6 

5.4 

5.9 

6.2 

6.5 

6.7 


Clinker No. 15699, CaA, 10.1; NaaO, 1.17; K 2 O, 0.46 per cent 


1.0 

5.00 

215 

635 

850 

880 

875 

860 940 

3350 

5200 

6130 

6 620 

6880 

2.0 

4.3 

5.1 

S.S 

5.7 

1.5 

S.OO 

265 

655 

880 

880 

980 

960 1030 

3490 

5240 

6420 

6 800 

7 060 

2.2 

4.2 

S.O 

5,5 

5.7 

1.9 

5.00 

295 

705 

870 

935 

980 

935 1200 

3530 

5200 

6180 

6340 

6 790 

2.4 

4.4 

5.2 

5.3 

5.5 

2.4 

5.00 

310 

660 

910 

945 

925 

950 1400 

3550 

5020 

5 990 

6 220 

6430 

2.7 

4.1 

5.0 

5.3 

S.S 

3.0 

5.00 

3S0 

750 

885 

920 

980 

990 1560 

3570 

4940 

5 530 

6100 

6330 

2,9 

4.3 

5.0 

5.1 

5.3 

5.0 

4.96 

390 

855 

920 

1110 

1065 

1080 1860 

4720 

6140 

6480 

7 450 

8 200 

3.1 

4.9 

5.6 

1 

5.9 

5.1 


Clinker No. 16827, CaA, 8.1; Na20, 0.04; K 2 O, 1,37 per cent 


1.0 

5.26 

270 

640 

830 

870 

935 

910 

1000 

3280 

5120 

6 540 

6 760 

6990 

2.1 

4.2 

5.0 

S.S 

5.9 

l.S 

5.12 

285 

705 

865 

960 

980 

970 

950 

3540 

5360 

6 820 

6 960 

7 520 

2.2 

4.3 

5.2 

5.7 

5,8 

1.9 

5.00 

345 

740 

915 

855 

1030 

975 

1310 

3860 

6070 

7 060 

7 260 

8 020 

2.8 

4.6 

5.5 

5.8 

6.0 

2.4 

5.00 

405 

840 

995 

990 

1070 

950 

1680 

4150 

5900 

7 140 

7 480 

8190 

3.2 

4.7 

5.6 

5.9 

6.1 

3.0 

5.00 

525 

785 

1010 

1065 

1105 

1085 

2090 

4350 

5910 

7160 

7 800 

7 840 

3.7 

S.O 

5.5 

5.9! 

6.1 

3.5 

4.86 

525 

810 

1140 

1160 

1090 

1070 

2380 

4790 

6130 

6940 

7 700 

8 230 

4.0 

5.2 

5.8 

6.2! 

6.3 

4.0 

4,86 

390 

860 

1005 

1050 

1110 

1230 

2080 

4620 

5960 

7 160 

7 710 

8220 

3.7 

5.4 

5.8 

6.1 

6,2 
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TABLE VIII . — Continued 


Water, 

gal. 

swk 

Flexural Strength, psi. 

Compressive Strength, psi. 

Young's Modulus of Elas- 
ticity, E, psi. 10"« 

■TJ 

3 days 

f days 

28 days 

3 months 


1 day 

3 days 

7 days 

28 days 

3 months 

u 

f>v 

1 day 

1 

00 

7 days 

28 days3 

3 months 

u 


Clinkers op Low SCaO'AUOa and Low Alkali Content 
Clinker No. 16890, CsA, 5.1; Na20, 0.32; KaO, 0.02 per cent 


1.0 

4.36 

145 

440 

530 

935 

1010 

1010 

; 480 

1570 

2410 

6 360 

9 530 

10 680 

1.3 

3.2 

4.4 

5, 6' 

6.S 

6.9 

1.5 

4.36 

230 

440 

600 

960 

1190 

1245 

770 

1700 

2620 

6360 

9 540 

10 600 

2.5 

3.5 

4.4 

■5.71 

6.7 

7.0 

1.9 

4.36 

270 

465 

580 

980' 

1225 

1245 

990 

1860 

2740 

6480 

9 590 

10 660 

2.9 

4,0 

4.7 

5.9 

6.8 

7.0 

2.4 

4.36 

260 

490 

660 

995 

1220 

1225 

920 

1970 

2880 

6 450 

9 280 

10 640 

2.6 

4.2 

4.7 

5.9 

6.7 

7.1 

3.0 

4.36 

230 

405 

680 

1025 

1235 

1240 

820 

1780 

2990 

6 280 

8 860 

10 320 

2.3 

3.8 

4.8 

6.0 

6.7 

7.1 

" 3.5 

4.36 

200 

380 

610 

995 

1160 

1160 

820 

1620 

2840 1 

6130 

9 160 

10 290 

2.3 

3.6 

4.7 

6,0l 

6.8 

7.0 

4.0 

4.50 

215 

375 

560 

920 

1385 

1125 

780 

1600 

2540 

6190 

9100 

10370 

2.1 

3.4 

4.5 

5.9 

6.5 

7.0 


Clinker No. 15623, CsA, 4.8; NaaO, 0.05; KaO, 0.18 per cent 


0,03 

4.60 

140 

545 

685 

895 

1005 

1095 

590 

2820 

4510 

7 220 

8S8O! 

9 280 

1.1 

4.2 

5.0 

5.5 

6.1 

6.3 

1.0 

4.60 

275 

620 

850 

1055 

1080 

1165 

1250 

3180 

4560 

7 170 

9200 

9 820 

2.6 

4.5 

5.3 

5.7 

6.1 

6.6 

1.5 

4.60 

315 

635 

885 

960 

1195 

1120 

1410 

3420 

4910 

7 060 

9140 

10 020 

2.8 

4.5 

5.2 

5.7 

6.2 

6.5 

1.9 

4.60 

315 

625 

810 

970 

1150! 

1255 

1400 

3460 

4960 

7 280 

9110 

9 960 

2.8 

4.6 

5.3 

5.7 

6.2 

6.7 

2.4 

4.60 

310 

600 

780 

980 

1115 

1090 

1480 

3360 

5100 

7 360 

9 270 

10 370 

2.7 

4.4 

5.2 

5.7 

6.3 

6.5 





Clinker No. 15670, CaA, 2.4; Na20, 0.05; 

; K2O, 

0.23 per cent 







0.17 1 

4.39 

100 

295 

445 

770 

945 

1090 

390 

1200 

1980 

4 710 

8020 

8 560 

i.si 

2.8 

3.7I 

5.2 

6.2 

6.3 

1.0 

4.39 

215 

390 

545 ' 

945 

1195 

1190 

780 

1650 

2390 

6120 

10 ISO 

10320 

2.1 

3.4 

4.2! 

5.5 

6.0 

6.8 

1.5 

4,39 

210 

410 

585 

895 

1225 

1235 

840 

1980 

2780 

6170 

10 250 

10 670 

2.3I 

3.8 

4.4I 

5.7 

6.6 

6.8 

1.9 

4.39 

190 

385 

580 

1070 

1205 

1250 

820 

1880 

2990 

6 250 

10 090 

11 140 

2.0 

3.5 

4.5 

5.7 

6.5 

6.9 

2.4 

4.39 

195 

355 

510 

745 

1060 

1100 

790 

1500 

2480 

6 080 

10090 

11130 

1.9 

3.0 

4.1! 

5.5! 

6.5 

6.9 


Clinkers op Low SCaO-ALOs and High Alkali Content 
Clinker No. 16839, CaA, 6.2; NaaO, 1.01; KaO, 0.10 per cent 


1.5 

4.70 

65 

360 

490 

835 

1040 

1040 

360 

1480 

2400 

5 230 

6940 

8 040 

1.1 

3.0 

3.9 

5.4 

6.1 

6.4 

1.9 

4.61 

40 

405 

585 

940 

1025 

1005 

460 

1630 

2640 

5 250 

7 500 

8 520 

1.4 

3. 21 

4.1 

5.6l 

6.3 

6.7 

2.4 

4.70 

145 

490 

610 

910 

995 

1035 

720 

1840 

2880 

5 520 

6990 

8020 

2.1 

3.6 

4.4 

5.51 

6.11 

6.5 

3.0 

4.70 ' 

285 

510 1 

650 

1110 

1130 

1065 

950 

1 2120 

3130 

5 500 

7140 

8 520 

2.6 

3.9 

4.6 

5.7 

6.3| 

6.6 

3.5 

4.70 

345 

5.35 

715 

1040 

1030 

970 

1200 

2240 

3130 

5 580 

7 350 

8 430 

3.2 

4.2 

4.8 

5.7 

6.41 

6.5 

4.0 

4.75 

355 

SOS 

745 

1135 

1245 

1150 

1280 ! 

1 2270 

3190 

5 490 

6990 

8 010 

3.2 

4.2 

4.7 

5,8 

6.2 

6.6 

4.5 

4.81 

250 

570 

725 

1040 

1230 

1305 

1050 

2290 

3260 

5 600 

7 460 

8360 

2.6 

4.2 

4.9i 

5.8 

6.2 

6.8 





Clinker No. 16831, CaA, 5.7; NaaO, 0,05; 

iKaO, 

1.37 per cent 







1.0 

4.61 

230 

485 

750 

1030 

1015 

1045 

880 

2320 

4030 

6010 

7 150 

7 530 

2.3 

4.0 

5.0 

5.9! 

6.0 

6.4 

1.5 

4.51 

360 

720 

960 

975 

1000 

II20I 

1550 

3160 

4800 

6480 

7 280| 

7 800 

3.3 

5.0 

5.7 

6.2 

6.3| 

6.6 

1.9 

4.51 

490 

775 

90S 

1025! 

1015 

1125 

1920 

3660 ! 

5080 

6470 

7 660 

8100 

3.8 

5.1 

5.8 

6.2 

6.4 

6.7 

2.4 

4.51 

510 

790 

995 

U15 

11251 

1160 

2100 1 

4090 

4960 

6 580 

7 180 

7 820 

4.1 

5.3 

5.8 

6.2 

6.4 

6.6 

3.0 

4.56 

455 

825 

925 

1095 

1075 

1235 

2220 

4260 

5400 

7 000 

7 830 

8 560 

4.0 

5.4! 

5.8 

6.2 

6.6 

6.7 

3.5 ' 

4.56 

425 

745 

915 

1135 

1070 

1085 

2030 

4310 

5680 

6970 

7 880 

8 880 

3.7 

5.3 

5.9 

6.2 

6.6 

6.6 

4.0 

4,56 

375 

655 

730 

985 

1035 

1150 

1740 

3470 

4930 

6920 

8160 

9 050 

3.3 

4.9 

5.5 

6.1 

6.5 

6.7 


the hardened paste by direct methods. 
However, physical tests were made to 
determine the effect of variations in gyp- 
sum content upon the physical properties 
of the hardened paste. Mortar prisms 
were prepared for the physical tests. 
The properties determined for the prisms 
included: compressive strength, flexural 
strength, Young’s modulus of elasticity 
by the electrodynamic method, expan- 
sion in water, and contraction in air. 
Miscellaneous tests of the cements in- 
cluded: speciflc surface, normal consist- 


ency, time of set, soundness and expan- 
sion in the autoclave test. 

Preparation of Test Spepimens: 

The specimens used for the physical 
test were 2 by 2 by 9 j-in. mortar prisms. 
Two specimens of a kind were used for 
each type of test. These were made in 
two rounds on different days. Those 
used for expansion in water and contrac- 
tion in air were provided with gage 
points, one at each end of the long axis, 
for measurement of changes in length. 
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Fig. 18.— “RelationsHp Between Heats of Hydration and Compressive Strengths at Early Ages. 


TABLE DC.— THE INFLUENCE OF GYPSUM ON THE STRENGTH OF DIFFERENT 3CaO- AhOa AND ALKALI. 


Compressive Strength of Modified Cubes, psi. 


SOa, 

percent 

Clinker No. 15367 

Clinker No. 15900 

Clinker No. 15623 

Clinker No. 16839 

HighSCaO-AlaOs • 
Low Alkali 

High SCaO'AlaOa 
Moderately High Alkali 

Low SCaO'AhOa 

Low Akali 

Low SCaO'AlaOa 

High Alkali 

1 day 

7 days 

lyr. 

1 day 

7 days 

1 yr. 

1 day 

7 days 

lyr. 

1 day 

7 days 

lyr. 

0,03........ 

1 . 0 ......... 

1.5.. ....... 

1.9.. ....... 

630 

1000 

4610 

4830 

6990 

8380 

700 

1140 

1600 

2030 

4440 

4880 

5070 

5570 

7980 

8290 

8620 

9960 

590 

12.50 

1410 

1400 

1480 

4510 

4560 

4910 

4960 

5100 

9 280 

9 820 

10 020 

8 960 

10 370 

360 

460 

720 

950 

2400 

2460 

2880 

3130 

6960 

7500 

6990 

7140 

2.4.. ....... 

3.0. ........ 

3.5.. ...... 

4.0. ........ 

4.5.. ....... 

1380 

1300 

5320 

5610 

8840 

8700 

1180 

5580 

8530 

2140 

5710 

9190 

1200 
i : 1280'' 

1050 

3130 

3190 

3260 

7350 

6990 

7460 
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The mix used was: cement 1.0 part, pow- 
dered silica 0.3 part, standard Ottawa 
sand 2.3 parts, by weight. The pul- 
verized silica had a specific surface of 
6000 sq. cm. per cu. cm. (Wagner 
method), which was very nearly the 
same as that of the cements. 

The water content was adjusted with 
the intent of maintaining the slump 
( 6 -in. cone) approximately constant at 
1 in. However, with only a limited 
quantity of cement available for trial 
mixes, the slumps obtained varied from 
1 in. by as much as 0.5 in. For cements 
prepared from any one clinker, with the 
SO 3 content varied, the water content 
was maintained constant with only 
slight variations in the slump. How- 
ever, for cements prepared from the 
different clinkers it was necessary to 
make rather large changes in water con- 
tent to maintain a slump of approxi- 
mately 1 in. 

Each batch was mixed 1 min. dry, 2 
min. wet, allowed to rest 3 min. and 
rSmixed 2 min. This schedule was 
adopted to eliminate the effect of 
premature stiffening, if any, on the 
water requirement. The slump tests 
were made in duplicate, two operators 
working simultaneously on one batch 
from each round. 

The specimens were cured in the molds 
in saturated air at 70 zb 2 F. for the 
first 2 hr. ; the molds and contents were 
then immersed in water at the same 
temperature and allowed to remain there 
until the specimens were removed from 
the molds. 

The Influence of Gypsum on Strength: 

The strength tests at 1 day were made 
immediately a fter the prisms were re- 
moved from the molds. At the later 
ages they were made with prisms which 
were cured continuously in water at 70 
zb 2 F. until the time of test. The 
flexural strength and Young^s modulus 


of elasticity were determined on two 
prisms (one from each round) for each 
age, and the compressive strength was 
determined on the four half-prisms re- 
sulting from the flexural tests — tested as 
modified cubes. The results of the 
strength tests are given in Table VIII 
and Fig. 17, 

The general characteristic of the in- 
fluence of gypsum is that it increases the 
strength. However, the quantify of 
gypsum required to obtain the highest 
strength varies with the different clinker 
compositions. The results show that 
the alkalies as well as the dCaO-AhOs 
influence the gypsum requirements of the 
cements. For cements of low alkali 
content those of high 3CaO * AI2O3 require 
larger additions of gypsum to give the 
highest strength than do those of low 
dCaO-AbOs content. For cements of 
the same 3CaO* AI2O3 content those high 
in alkalies require larger additions of 
gypsum than those of low alkali content. 
Even cements of low dCaO-AbOs con- 
tent require relatively large amounts of 
gypsum when they are high in alkalies. 
These observations are illustrated by the 
compressive strength data in Table IX 
taken from the more complete data given 
in Table VIII. 

With the two clinkers of low alkali 
content the best strengths are obtained 
for the one of high dCaO-AbOs (No. 
15367) with 2.4 to 3.0 per cent SO3 and 
for the one of low 3 Ca 0 -Al 203 (Nov 
15623) with 1.5 to 2.4 per cent SO3, 
With clinkers of the high 3 Ca 0 ;Al 203 
content the best strengths are obtained 
for the one low in alkalies (No. 15367) 
with 2.4 to 3,0 per cent SO3 and for the 
one high in alkalies (No. 15900) with 3.5 
per cent SO3. With clinkers of low 3CaO • 
AI2O3 the best results are obtained for the 
one low in alkalies (No. 15623) with 1.5 
to 2.4 per cent SO3 and for the one high 
in alkalies (No. 16839) with 3,5 to 4.5 
per cent SOa. 
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Relationship Betivem the Heats of Hydra- 
tion and Strength: 

It has been shown that the first addi- 
tions of gypsum increase the heats of 
hydration and strength at early ages 
whereas with larger additions of gypsum 
the values decrease. The relationship 
between the heats of hydration at 1 and 
3 days and the compressive strengths at 
these ages for cements of different SO 3 
contents is shown for four of the clinkers 
in Fig. 18. The results show a close re- 
lationship between the heats of hydration 
and strengths at these ages, that is, as 
the heats of hydration increase with in- 
creasing SO3 contents the strengths in- 
crease, and as the heats of hydration 


TABLE X.-HEATS OF HYDRATION AND 
STRENGTH OF CEMENTS OF DIFFERENT 
GYPSUM CONTENT. 


SOi, 
per cent 

Heat of Hydration, 
cal. per g. 

Compressive Strength, 
psi. 

Clinker 
No. 15367 

Clinker 
No. 15900 

Clinker 
No. 15367 

Clinker 
No. 15900 

28 days 

3 months 

28 days 

3 months 

28 days 

3 months 

28 days 

3 months 

1.5 

107.7 

112.7 

99,0 

100.8 

6650 

6940 

6850 

7940 

2.4... 

106,6 

109.3 

94.9 

96.7 

7380 

8370 

7090 

8010 

3.5... 

103.4 

106.3 

90.3 

97.4 

7680 

8370 

7480 

8420 


decrease with the highest SOg contents 
the strengths decrease. Thus it appears 
that the effect of gypsum on the strengths 
at early ages can be accounted for, at 
least in part, by its effect on the hydra- 
tion of the cements. However, results 
obtained at later ages show that a similar 
relationship no longer exists. The heats 
of hydration were determined at 28 days 
and 3 months for a few of the cements by 
the heat of solution method ( 20 ). The 
relationship between the heats of hydra- 
tion and compressive strength at these 
ages is shown in Table X. 

At these later ages the heats of hydra- 
tion decrease while the strengths increase 
with increasing SO3 contents. Thus it 


is evident that the effect of gypsum on 
strength cannot be accounted for entirely 
on the basis of its effect on the extent of 
hydration of the cements. It seems 
probable that the beneficial results ob- 
tained by the larger additions of gypsum 
are, at least in part, the result of its 
effect on the structure of the hardened 
paste. 

The Influence of Gypsum on Expansion: 

It appears that the purpose of limiting 
the SO3 content of portland cement was 
to avoid a possible delayed expansion 
which may result from the reaction of 
gypsum with the calcium aluminates to 
form calcium sulfoaluminate. There 
does seem to be some basis for such a 
precaution as will be shown in data to 
be presented below. Furthermore in an 
investigation of the effect of finer grind- 
ing and higher SOg contents upon the 
physical properties of portland cement 
Bates (21) observed that for neat cemeni 
pastes increasing the SOa to 2.5 per cent 
increased the expansion of the coarse 
cements. However, in the same series 
of tests it was observed that with the 
finer cements there was very little in- 
crease in expansion with the higher SOs 
content up to the limit 2.5 per cent, the 
highest SO3 content used in the series. 

The results of the heat-liberation data 
and the extraction data cited previously 
have shown that, for cements of medium 
to high SCaO-AbOs regardless of their 
alkali content, and cements high in alka- 
lies regardless of their 3 Ca 0 *Al 203 con- 
tent, amounts of gypsum up to 3.5 per 
cent become depleted within 24 hr. when 
the cements are ground to a specific 
surface of 1800 sq. cm. per g. From 
these results it appears that the SO® 
content may be increased beyond the 
limit of present . specifications without 
danger of delayed expansions from this 
source. The results of expansion meas- 
urements confirm this observation. 
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TABLE XI.-EXPANSION OF MORTAR PRISMS 
STORED IN WATER-SERIES 287. 

One 2 by 2 by 9}iAti. prism made on eafSh of two days 
for each age of test. 

Mix: Cement 1.0, pulverized silica 0.3, standard Ottawa 
sand 2.3. ^ 

Water content to give approximately 1-in. slump using 
a 6“ in. cone. 


SOs, 

per 

Water, 

gal. 

per 

Expansion of Specimen Stored 
Continuously in Water for Period 
Indicated, per cent 

cent 

sack 

7 

14 

28 

3 


1 


yr. 


1 


days 

days 

days 

mo. 

lyr. 1 

2 ; 

Clinkers op High 3CaO 

I- AlaOs 

t AND Low Alkali Content 


Clinker No, 

. 15367, 

CsA, 1 

14,3; NaaO, 0.1 

L6; 

KaC 






0. 

17 per 

cent 






1. 

,5 

S.02 

0.009 

O.OllI 

0.016 

0.021 

0. 

,027| 

0, 

.028 

1. 

,9 

5.02 

0.008 

0.011 

0.015 

0.020 

0, 

.025 

0, 

.027 

2. 

,4 

5.02 

0,007 

0.010 

0.013 

0.018 

0, 

.022' 

0 

.024 

3. 

.0 

5.02 

0.005 

0.007 

0.009 

0,015 

0, 

.021 

0 

.021 

3, 

.5 

5.02 

0.026 

0.028 

0.032 

0.036 

0, 

.043 

0 

.043 


Clinker No 

. 16823, 

CsA, 

12.5; NaaO, Oj 

05; 

KaC 

), 





0. 

25 per 

cent 






t 

.0 

4.82 

0.002 

0.003 

o.oos' 

0.007 

0 

.007 



1. 

.5 

4.82 

0.001 

0.000 

0.003 

0.006 

0, 

.006 



t 

.9 

4.82 

0.001 

0.001 

0.003 

0.006 

0 

.006 



2 

.4 

4.82 

0.001 

0.004 

0.005 

0.009 

0 

.008 



3 

.0 

4.82 

0.000 

0.001 

0.002 

0.004 

0 

.004 



3 

.5 

4.82 

0.001 

0.004 

0.004 

0.006 

0 

.007 



4 

.0 

4.82 

0.003 

0.002 

0.002 

0.006 

0 

.009 




Clinkeks of High on Moderately High 3CaO- AlaOs and 
High or Moderately High Alkali Content 

Clinker No. 15900, CsA, 13.1; NaaO, 0.36; KaO, 

0.50 per cent 


l.S 

4.85 

I 0.007 

0.009 

0.013 

0.023 

0.039 

0.039 

1.9 

4.85 

O.OOS 

0.009 

0,015 

0.021 

0.038 

0.038 

2.4 

4.85 

0.006 

0.010 

0,012 

0.018 

0.034 

0.034 

3.0 

4.85 

O.OOS 

0.007 

0.011 

0.0171 

0.033 

0.032 

3.5 

4.85 

0.002 

0.005 

0,009 

0.015 

0.033 

0.030 

5.0 

4,86 

0.053 

0.053 

0.060 

0.061 

0.071 

0.073 


Clinker No. 15498, CsA, 11.2; NaaO, 0.31; KaO, 
0.42 per cent 


1.0 

4.90 

0.020 

0.020 

0.027 

0.032 

0.043 

0.042 

1.5 

4.90 

0.017 

0.017 

0.025 

0.031 

0.038 

0.035 

1.9 

4.90 

0.015 

0.016 

0.023 

0.028 

0.038 

0.035 

2.4 

4.90 

0.013 

0.013 

0,020 

0.026 

0.037 

0.034 

3.0 

4.90 

0.022 

0.022 

0.026 

0.033 

0.042 

0.039 


Clinker No. 16843, CsA, 11.0; NaaO, 1.03; KaO, 
0.06 per cent 


so., m^er. 

Sr 

Cf.nt 


TABLE XI.“-Co«#*wed 

Expansion of Specimen Stored 
, Continuously in Water for Period 
Indicated, per cent 

7 14 28 3 ^ 2 -ye 

days days days mo. ^ ^ 


Clinker No. 16827; CsA, 8.1; NaaO, 0.04; KaO, 
1.37 per cent 


1.0 

5.26 

0.009 0.014 0.014 0.023 0.031 


1.5 

5.12 

0.010 0.010 0.012 0.019 0.027 


1.9 

5.00 

0.007 0.010 0.010 0.021 0.028 


2.4 

5.00 

0.007 0.009 0.011 0.020 0.026 


3.0 

S.OO 

0.007 0.008 0.013 0.015 0.026 


3.5 

4.86 

0.008 0.008 0.011 0.016 0.019 


4.0 

4.86 

0.009 0.011 0.014 0.017 0.022 



Clinkers op Low 3CaO* AlsOs and Low Alkali Content 
Clinker No. 16890, CsA, 5.1; NaaO, 0.32; KA 
0.02 per cent 


1.0 

4.36 

0.010 0.012 0.016 0.021 0.025 


l.S 

4.36 

0.008 0.008 0.012 0.015 0.023 


1.9 

4.36 

0.014 0.010 0.012 0.018 0.024 


2.4 

4.36 

0.014 0.010 0.013 0.017 0.024 


3.0 

4.36 

0.02S 0.020 0.022 0.028 0.0321 


3.5 

4.36 

0.030 0.027 0.028 0.033 0.040 


4.0 

4.50 

0.023 0.027 0.029 0.037 0.045 



Clinker No. 15623, CsA, 4.8; NaaO, 0.05; KaO, 
0.18 per cent 


0.03 

4.60 

0.005 

0.007 

0.007 

j 0.011 

0.022 

0, 

.019 

1.0 

4.60 

0.006 

0.007 

0.007 

0.012 

0.022 

0, 

.020 

1.5 

4.60 

0.001 

0,002 

0.002 

0.006 

0.016 

0. 

,013 

1.9 

4.60 

0.001 

0.002 

0.002 

0.006 

0.014 

0. 

.011 

2.4 

4.60 

0.004 

0.004 

0.004 

0.007 

0.017 

0. 

.014 


Clinker No. 15670, CsA, 2.4; NaaO, 0.05; KaO, 
0.23 per cent 


0.17 

4.39 

0.011 

0.013 

0.017 

0.022 

0.035 

0.033 

1.0 

4.39 

0.004 

0.002 

0.007 

0.013 

0.025 

0.023 

1.5 

4.39 

0.002 

0.004 

0.007 

0.012 

0.024 

0.022 

1.9 

4.39 

0.006 

0.007 

0.009 

0.015 

0.028 

0.025 

2.4 

4.39 

0.005 

0.009 

0.010 

0.016 

0.029 

0.027 


Clinkers of Low 3CaO- AlaOs and High Alkali Content 
C linker No. 16839, CsA, 6.2; NaaO, 1.01; KaO, 

0.10 per cent 


1.5 

4.70 

0.007 

, 0.009 

0.010 

; 0,0151 

0.023 


1.9 

4.61 

0.011 

0.013 

0.014 

' 0.0211 

0.026 


2.4 

4.70 

0.010 

0.011 

0.015 

0.018' 

0.027 


3.0 1 

4.70 

0.004 

0.008 

0,011 

O.OlSj 

0.021 


3.5 I 

4.70 

0.005 

0.007 

0.008 

0.014 

0.019 


4.0 

4.75 

0.005 

0.005 

0.009 

0.013 

‘0.018' 


4.5 

4,81 

0.007 

0.007 

0.010 

0.015 

0.019 



1.37 per cent 


f 1.5 4.70 

0.004 0.016 0.022 

0.027 

0.034 

•• •' 1.0 

4.61 

0.011 0.011 0,014 0.019 0,029 


1 1.9 4,70 

0.008 0.011 0.014 

0.020 

0.025 

l.S 

4.51 

0.008 0.011 0.014 0.017 0.025 


2.4 4.70 

0.010 0.011 0.012 

0.017 

0.022 

1.9 

4.51 

0.007 0.009 0.012 0.016 0.025 


3.0 4.70 

0,009 0.012 0.013 

0.016 

0.021 

2.4 

4.51 

0.005 0.017 0,008 0.014 0.020 


' 3.5 4.70 

0.003 0.004 0.004 

0.006 

0.011 

3.0 

4.56 

0.007 0.010 0.010 0.016 0.020 


4.0 4.70 

O.OOS 0.010 0.012 

0.016 

0.021 

..... 3.5 

4.56 

0.008 0.008 0.010 0.014 0.022 


4.5 4.75 

0.011 0.017 0.018 

0.021 

0.027 

..... 4.0 

4.56 

0.012 0.015 0,016 0,021 0.027 



Clinker No. 15699, CsA, 10.1; NaaO, 1.17; KaO, 
0.46 per cent 


1 

0 

5 

.00 

0 

.006 

0 

.009 

0. 

.013 

0 

.020 

0, 

.034 

0 

.033 

1 

5 

S 

.00 

0 

.005 

0 

.006 

0, 

.010 

0 

.017 

i 0, 

.029 

0 

.027 

1 

9 

s 

,00 

0 

.004 

0 

.006 

0 

.011 

0 

.017 

0, 

.030 

0 

.029 

2 

4 

5 

.00 

0 

,005 

0 

.006 

0 

.010 

0 

.015 

0 

.030 

0 

.029 

3 

0 

5 

.00 

0 

.004 

0 

.006 

0 

.008 

0 

.013 

0 

.027 

0 

.026 

5 

0 

4 

.96 

0 

,020 

0 

.022 

0 

.025 

0 

.028 

0 

.037 

0 

.037 


The results of the length changes of the 
mortar prisms cured continuously in 
water at 70 ± 2 F. for 2 yr. are given in 
Table XI. The initial measurement was 
made at one day and the results are 
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TABLE XII —CONTRACTION OF MORTAR PRISMS 
STORED IN AIR-SERIES 287. 

One 2 by 2 by 9 > 2 “in. prism made on each of two days 
for each age of test. , , 

Mix: Cement 1.0, pulverized silica 0.3, standard Ot- 
tawa sand 2.3. ^ , 

Water content to give approximately 1-in. slump 
using a 6-in, cone. 


■ d 

' i 

1 ■ W ' 

M ; 

K\ 

Contraction in Air Storage for Period ^ 
Indicated after Preliminary Curing 1 Day in 
Molds, 6 Days in Water, per cent 

s 







tn 1 


4> 

to \ 

u 

<u 1 


£ 

m 

1 

1 

« 


6 

I'l 

TJ 

ts 

"XJ 1 

T3 


a 


tn 

^ 1 


CO 

t- 1 



CO 



Clinkesis op High SCaO-AIaOa and Low alkali 
Content 


Clinker No. 15367, CaA, 14.3; Na20, 0.16; K 2 O, 
0.17 per cent 


1.5 

5.02 

0.022 

0.038 

0.061 

0.088 

0.096 

0.117 

0.125 

1.9 

5.02 

0.018 

0.034 

0.053 

0.075 

0.086 

0.102 

0.107 

2.4 

5.02 

0.018 

0.030 

0.047 

0.066 

0.075 

0.091 

0.100 

3.0 

5.02 

0.014 

0.025 

0.041 

0.057 

0.065 

0.077 

0.089 

3.5 

5.02 

0.015 

0.027 

0.039 

0.054 

0.062 

0.083 

0,094 


Clinker No. 16823, CaA, 12.0; NaaO, 0.05; K 2 O, 
0.25 per cent 


1.0 

4.82 

0.017 

0.034 

0.047| 

0.054 

0.0771 

0.093 

0.100 

1.5 

4,82 

0.018 

0.034 

0.044 

0.053 

0.073 

0.090 

0.094 

1.9 

4.82 

0.012 

0.023 

0,033 

0.036 

0.058 

0.077 

0.081 

2.4 

4.82 

0.008 

0.015 

0.027 

0.032 

0.052 

0.071 

0.078 

3.0 

4.82 

0.009 

0.017 

0.027 

0.032 

0.051 

0.071 

0,080 

3.5 

4.821 

0.013 

0.020 

0.026! 

0.0361 

0.052 

0.068 

0.080 

4.0 

4.82 

0.015 

0.020 

0.028 

0.038 

0.052 

0.067 

0.081 


Clinkers oe High or Moderately High SCaO-AlaOs 
AND High or Moderately High Alkali Content 


Clinker No. 15900, CsA, 13.1; Na20, 0.36; K 2 O, 
0.50 per cent 


1.5 

14.85 

1 0.017 

0.034 

0.058 

0.080 

0.091 

i 0.113 

0.115 

1.9 

•4.85 

0.015 

0.028 

0.047 

0.064 

0.075 

0.097 

0.098 

2.4 

4.85 

0.013 

0,025 

0.039 

0,055 

0.065 

0.086 

0.088 

3.0 

4.85 

0.013 

0.023 

0.037 

0.050 

0.058 

0.080 

0.080 

3.5 

4.85 

0^013 

0,022 

0.0331 

0.043 

0.052 

0.074 

0.078 

S.O 

4.86 

0.021 

0.036 

0.042 

0,0*61 

0.070 

0.090 

0,097 


Clinker No 

. 15498, 

, CaA, 11.2, NaaO. 0.31; K 2 O. 




0 

.42 per 

cent 




1.0 

4.90 

0.016 

0.033 

0.059 

0.082 

0.090 

0.106 

0.105 

1.5 

4.90 

0.017 

0.028 

0.047 

0.065 

0.074 

0.086 

0.086 

1.9 

4.90 

0.015 

0.026 

0.041 

0.059 

0.066 

0.081 

0.083 

2.4 

4.90 

0.013 

0.022 

0.033 

0.047 

0.054 

0.071 

0,074 

3.0 

4.90 

0.017 

0,023 

0.033 

0.047 

0.052 

0.067 

0.073 
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Contraction in Air Storage for Period 
Indicated after Preliminary Curing 1 Day in 
Molds, 6 Days in Water, per cent 





1 


tfi 





^ 1 

a 

1 

d 

1 

I' 

•1 ' 
00 1 

d 

0 

a 

T-t 

PO 



CS! 

CO 


Clinker No. 16827, CaA, 8.1; Na20, 0.04; K 2 O, 
1.37 per cent 


1.0 

5.26 

0.025 

0.050 

0.085 

0.118 

0.155 

0.201 

0.230 

1.5 

5.12 

0.023 

0.048 

0.073 

0.099 

0.126 

0.163 

0.177 

1.9 

5.00 

0.017 

0.046 

0.064 

0.089 

0.113 

0.148 

0.165 

2.4 

5,00 

0.023 

0.037 

0.054 

0.074 

0.093 

0.126 

0.143 

3.0 

5.00 

.0.014 

0.026 

0.041 

0.055 

0.066 

0.101 

0.119 

3.5 

4.86 

0.014 

0.023 

0.035 

0.045 

0.058 

0.082 

0.105 

4.0 

4.86 

0.012 

0.019! 

0.031 

0.040 

0.052 

0.075 

0.097 


Clinkers of Low 3Ca0*Al203 and Low Alkali Content 
Clinker No. 16890, CsA, 5.1; NaaO, 0.32; K 2 O, 

0.02 per cent 


1.0 

4,36 

0.008 

0.025 

0.054 

0,079 

0.095 

0.110 

0.110 

1.5 

4.36 

0.008 

0.018 

0.040 

0.062 

0.077 

0.091 

0.100 

1.9 

4.36 

0.006 

0.018 

0.035 

0.053 

0.067 

0.087 

0.093 

2.4 

4.36 

0.009 

0.022 

0.035 

0.048 

0.063 

0.083 

0.094 

3.0 

4.36 

0.013 

0.022i 

0.035 

0.047 

0.063 

0.085 

0.097 

3.5 

4.36 

0.009 

0.026 

0.043 

0.057 

0.071 

0.090 

0.107 

4.0 

4.50 

0 . 010 ! 

0.022 

0.044 

0.062 

0.080 

0.103 

0.114 


Clinker, No. 15623, CsA, 4.8; Na20, 0.05; K 2 O, 
0.18 per cent 


0.03 
1,0 
1.5 1 
1.9 
2.4 


0.011 

0.010 

0.007 

0.007 

0.011 


0.020 

0.016 

0.013 

0.013 

0.017 


0.038 

0.027 

0.023 

0.025 

0.028 


0.060 

0.038 

0.032 

0.032 

0.038 


0.076 

0.047 

0,039 

0.039 

0.044 


0.109 

0.071 

0.061 

0.060 

0.065 


0.11 

0.077 

0.066 

0.066 

0.071 


4.60 

4.60 

4.60 

4.60 

4.60 


Clinker No. 15670, CaA, 2.4; NaaO, O.OS; K 2 O, 
0.23 per cent 


0.17 

4.39 

! 0.006 

0.020 

0.044 

0.076 

0.097 

0.128 

0.135 

1.0 

4.39 

0,009 

0.017 

0.031 

0.045 

0.050 

0.070 

0.077 

1.5 

4.39 

0.009 

0.022 

0,032 

0.039 

0.048! 

0.065 

0.071 

1,9 

4.39 

0.007 

0.017 

0,029 

0.040 

().048j 

0.067 

0.075 

2.4 

4.39 

0.009 

0.020 

0,037 

0.0.54 

0.063 

0.081 

0.080 


Clinkers op Low SCaO-AUOa and High Alkali 
Content 

Clinker No. 16839, CaA, 6.2; Na20, 1.01; K 2 O, 
0.10 per cent 


Clinker No. 16843, CaA, 11.0; Na20, 1.03; K 2 O, 
0.06 per cent 


1.5 

4.70 

0 . 011 ! 

0.035 

i O.O 61 ! 

0,085 

0.105 

0 . 144 ! 

0.161 

1.9 

4.70 

0.020 

0.041 

0.0601 

0.085 

0.103 

0.1331 

0.146 

2.4 

4.70 

0,012' 

0.031 

0.049 

0.064 

0.083 

0.112' 

0.122 

3.0 

4.70 

0.013 

0.025 

0.040 

0.051 

0.076 

O.091i 

0.106 

3.5 

4.70! 

0.012 

0.024 

0.038 

0.049 

0.061 

0.084 

0.098 

4.0 

4.70 

0.016 

0.t)24 

0.038 

0.047 

0.060 

0.082' 

0.097 

4.5 

4.75 

0.013 

0.023 

0.036 

0.047 

0.061 

0.082 

0.096 


Clinker No. 15699, CaA, 10 . 1 ; NaaO, 1.17; K 2 O, 
0.46 per cent 


1 

0 

5 

.00 

0 

017 

0 

033 

0 

.059 

0 

085 

0 

101 

0 

145 

0 . 

1 1 

1 

5 

5 

.00 

0 

021 

0 

039 

0 

.067 

0 

092 

0 

108 

0 , 

147 

0 . 

161 

1 

9 

5 

.00 

0 

018 

0 

037 

0 

.063 

0 

086 

0 

101 

0 . 

137 

0 . 

152 

2 

.4 

5 

.00 

0 

015 

0 

031 

0 

.052 

0 

069 

0 

.082 

0 . 

,117 

0 . 

133 

3 

.0 

5 

.00 

0 , 

.015 

0 . 

.027 

0 

.047 

0 . 

.064| 

0 . 

.075 

0 . 

109 

0 . 

126 

5 

.0 

4 

— 

.96 

0 

.012 


.026 

0 

1 

f 

Q 

0 , 

.054 

0 . 

.067 

0 . 

093 

0 . 

110 


1.5 

4.70 

0.011 

0.045 

0,083 

0.117 

0.145 

0.166 

0.171 

1.9 

4.61 

0.013 

0.040 

0.068 

0.099 

0.121 

0.140 

0.150 

2.4 

4.70 

0.007 

0.029 

0.052 

0.081 

0.101 

0.124 

0.140 

3.0 

4.70 

0.006 

0.022 

0.041 

0.058 

0.083 

0.112 

0.124 

3.5 

4.70 

0.011 

0.025 

0.041 

0.054 

0.074 

0.106 

0.120 

4.0 

4.75 

0.008! 

0.018 

0.029i 

0.040 

0.055 

0.086 

0.103 

4.5 

4,81 

0.009 

0.019 

0.030! 

0.042 

0.054 

0.086 

0.104 


Clinker No 

. 16831 

, CaA, 

5.7; NaaO, 0.05; K 2 O 





1. 

,37 per 

cent 




1.0 

4.61 

0.010 

1 0.026 

0.051 

0.077 

0.107 

0.141 

0.161 

1.5 

4.51 

0.014 

0.024 

0.037 

0.055 

0.069! 

0 . 097 ! 

G.US 

1.9 

4.51 

0.009 

' 0.019 

0.030 

0.045 

0.057! 

0.082 

0.100 

2,4 

4.51 

0.005 

0.014 

0.019 

0.032 

0.046' 

0.067 

0.082 

3.0 

4.56 

0.007 

0,016 

0.022 

0.032 

0.046 

0.066 

0.080 

3.5 

4.56 

0.008 

0.019 

0.027 

0.037 

0.051 

0.070 

0.084 

4.0 

4.56 

0.008 

1 0.021 

0.033 

0.044 

0.058 

0,077 

0.091 
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recorded as the percentage expansion 
calculated from the length at 1 day. 
The results show that only a few speci- 
mens developed larger expansions as a 
result of the higher SO 3 content and that 
for these specimens the larger expansion 
occurs during the first few days. Clinker 
No. 15367 with. 3.5 per cent SO 3 , clinker 
No. 1689(} with 3.0 to 4.0 per cent SO3, 
and clinkers Nos. 15900 and 15699 with 
5.0 per cent SO 3 show higher expansions 
at 7 clays than do the corresponding ce- 
ments of lower SO3 contents prepared 
from the same clinkers. With these 
exceptions the expansions up to 1 yr. 
with as much as 3.5 to 4.5 per cent SO3 


urements are recorded as the percentage 
contraction calculated from the length 
at the time the specimens were placed in 
air. The results are shown in Table XII 
and in Fig. 17. 

The general characteristics of the in- 
fluence of gypsum on contraction is that 
the addition of gypsum decreases the 
contraction. However, the quantity of 
gypsum required to obtain the lowest 
contraction varies with different clinker 
compositions. The results show that 
the alkalies as well as the 3 Ca 0 -Al 208 
influence the gypsum requirements of the 
cements. F or cements of low alkali con- 
tent those of high SCaO-AhOs content 


TABLE XIII.— THE INFLUENCE OF GYPSUM ON THE CONTRACTION OF MORTAR PRISMS. 


Contraction During Storage in Air for Period Indicated, per cent 



Clinker No. 16823 

Clinker No. 16843 

Clinker No. 16890 

Ciinker No. 16839 

SOs, per cent 

3Ca0-Al203«12.S 

SCaO-AlsOa = 11.0 

SCaO-AlsOa = 5.1 

3Ca0-Al203= 6.2 


NaaO 

* 0.05 

Na20 

« 1.03- 

NasO 

= 0.32 

Na20 

= 1.01 


RsO 

== 0.25 

KiO 

= 0.06 

K 2 O 

= 0,02 

K 2 O 

= 0.10 


7 days 

3 months 

7 days 

3 months • 

7 days 

3 months 

7 days 

3 months 

1.0 

0.047 

0.093 



0.054 

0.110 



1.5 

0.044 

0.090 

0.061 

0.144 

0.040 

0.091 

0.083 

0.166 

1.9 

0.033 

0.077 

0.060 

0,133 

0.035 

0.087 

0.068 

0.140 

2.4 

0.027 

0.071 

0.049 

0.112 

0.035 

0.083 

0.053 

0.124 

3.0 

0.027 

0.071 

0.040 1 

0.091 

0.035 

0.085 

0.041 

0.112 

3.S 

0.026 

0.068 

0.038 

0.084 

0.043 

0.090 

0.041 

0.106 

4.0 

0.028 

0.067 

0.038 

0.082 

0.044 

0.103 

0.029 

0.086 

4.5 



0.036 

0.082 



0.031 

0.086 











are in no instance significantly higher 
than those with 1.9 per cent SO 3 . Actu- 
ally the least expansion is usually ob- 
tained with SO 3 contents greater than 
1.9 per cent. Thus the results show that 
gypsum can be added to portland ce- 
ments in considerably larger amounts 
than is permitted by current specifica- 
tions without danger of abnormal ex- 
pansion. 

The Influence of Gypsum on Contraction: 

The mortar prisms for contraction in' 
air were cured in the molds 1 day, in wa- 
ter 6 days, and then continuously in air 
at approximately 75 F. and 50 per cent 
relative humidity. Contraction meas- 


require larger additions of gypsum to 
give the lowest contraction than those of 
low dCaO-AhOs content. For cements 
of the same 3CaO* AI2O3 content those of 
high alkali content require larger addi- 
tions of gypsum than those of low alkali 
content. These observations are illus- 
trated by the contraction data in Table 
XIII taken from the more complete data 
given in Table XII. 

For cements of low alkali content, 
clinker No. 16823 with 12.5 per cent 
SCaO-AbOs shows the least contraction 
with 2.4 to 4.0 per cent SO3, whereas 
clinker No. 16890 with 5.1 per cent 
3 CaO • AI2O3 shows the least contraction 
with L9 to 3.0 per cent SO3. On the 
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TABLE XIV.—MISCELLANEOUS TESTS OF CEMENTS GROUND WITH DIFFERENT PROPORTIONS OF 

GYPSUM-SERIES 287. 


' SOa ■ 
Content,' 
per cent 

Specific Surface 

Normal 
Con- 
sistency, 
per cent 

Time of Setting 

Expansion During 
Autoclave Tests, 
per cent 

Turbidi- 
meter, 
sq. cm. 
perg. 

Air 

Permea- 
bility, 
sq. cm. 
pre g. 

Ratio, 
Air to 
Turbidim- 
eter 

Vicat Needle 

Gillmore Needle 

One 5-hr. 
Cycle 

Two S-hr. 
Cycles 

Initial, 

hr,:mm. 

Final, 
hr.: min. 

Initial, 
hr.: min. 

Final, 
hr.: min. 


Clinkeks op High SCaO-ALOs and Low Alkali Content 


Clinker No. 15367, CsA, 14.3; NajsO, 0.16; KaO, 0.17 per cent 


1.5 . 

1850 

3210 

1.74 

24.0 

2:35 

4:40 

3:15 

4:50 

0.127 

0,167 

^ 1.9 . 

1870 

3330 

1.78 

24.0 

2:35 

6:00 

3:30 

6:15 

6 '.058 

6 ’.697 

2.4 

1890 

3460 

1.83 

24.5 

2:30 

6:00 

3:30 

6:15 

3.0 

1940 

3780 

1.95 

24.0 

2:50 

6:00 

3:25 

6:30 



3.S 

2000 

3980 

1.98 

24.0 

2:50 

6: 10 

3:20 

6:30 

61696 

61142 

5.0 

2070 

4850 

2.34 

23.0 






Clinker No. 16823, CsA, 12.0; NasO, 0.05; KaO, 0.25 per cent 


1.0 

1870 

3280 

1.75 

25.0 

2:15 

9:50 

4:00 

9:50 

0.190 


1.5 

1900 

3440 

1.81 

25.0 

2:05 

6:00 

3:30 

6:00 

0.246 


1.9 

1930 

3560 

1.84 

25.0 

2:00 

5:30 

3:30 

5:30 

0.222 


2.4 

1940 

3790 

1.95 

25.5 

2:40 

6:10 

4:00 

6:10 

0.189 


3.0 

1950 

3970 

2.04 

25.5 

2:35 

6:25 

4:10 

6:25 

0.219 


3.5 

1960 

4160 

2.12 

25.5 

2:40 

6:40 

4:30 

6:40 

0.241 


4.0 

1970 ! 

4320 

2.19 

25.5 

3:00 

6:35 

4:20 i 

6:35 

0.234 



Clinkers op High or Moderately High 3CaO- ALO* and High or Moderately PIigh Alkali Content 


Clinker No. 1S900, CaA, 13.1; NajO, 0.36; KaO, 0.50 per cent 


1.5 

1880 

' 3290 

1.75 

24.5 

2:00 

4:10 

3:00 

4:25 

0.568 


1.9 

1910 

3440 

1.80 

24.0 

2:20 

5:25 

3:20 

5:30 



2.4 

1930 

3640 

1.88 

24.0 ’ 

2:20 

5:30 

3:30 

5:45 

6.380 


5.0 

1950 

3870 

1.98 

24.0 

2:50 

5:20 

4:05 

5:45 


* • « tt 

3.5 

1970 

4050 

2.06 

24.0 

3:00 

5:00 

4:40 

5:25 1 



5.0 

2010 

4650 

2.25 

23.0 





6'.649 



Clinker No. 15498, CjA, 11.2; NaaO, 0.31; KaO, 0.42 per cent 


1.0 

1.5 

1.9 

2.4 

3.0 

5.0 

1840 

1860 

1870 

1900 

1940 

2020 

3200 

3270 

3360 

3580 

3810 

4580 

1.74 

1.76 

1.80 

1.88 

1.97 

2.24 

24.5 

24.5 

24.5 

24.5 
24.0 

23.5 

2:35 

2:30 

2:20 

2:20 

2:10 

6:15 

5:45 

5:45 

5:45 

5:30 

3:30 

3:30 

3:30 

3:30 

3:30 

6:30 

6:00 

6:00 

6:00 

5:45 

0.530 

6I32O 

6'. 430 




Clinker No. 16843, CaA, 

11.0; NaaO 

, 1.03; KaO, 0.06 per cent 


1.5 

1860 

3350 

1.80 

25.0 

0:40 

2:10 

1:00 

3:10 

0.112 


1.9 

1890 

3500 

1.85 

25.0 

1:50 

4:30 

3:20 

4:30 

0.092 


' 2.4 . 

1890 

3700 

1.96 

25.0 

2:00 

4:30 

3:30 

4:30 

0.066 


3.0 

1890 

3930 

2.08 

25.0 

2: 10 ! 

5:15 

3:40 

5:15 

0.018 


3.S 

1900 

4100 

2.16 

25.0 

2:10 

5:00 

3:45 

5:00 

0.008 


4.0 

1900 

4280 

2.25 

25.0 

2:15 

4:40 

3:40 

4:40 

0.014 


4.5 

1900 

4460 

2.35 

25.0 

2:10 

5:00 

3:15 

5:00 

0.006 

.... 


Clinker No. 15699, CaA, 10.1; NaaO, 1.17; KaO, 0.46 per cent 


1.0, 

1840 

'3220 

1.75 

23.5 

1:20 

3:40 

2:00 

4:00 

0.187 


1.5 

1850 

3390 

1.82 

23.5 

1:15 

3:40 

2:20 

4:00 



1.9 

1860 

3510 

1.88 

23.5 

1:35 

4:00 

2:40 

4:15 



2.4 

1900 

3680 

1.93 

23.5 

1:40 

4:15 

2:50 

4:25 

0.141 


3.0 

1940 

3830 

1.97 

23.5 

1:45 

4:20 

3:00 

4:30 



S.O 

2050 

4400 

2.15 









Clinker No. 16827, CaA, 8.1; NaaO, 0.04; KaO, 1.37 per cent 


1.0 

i860 

3220 

1.73 

27.0 

0:20 

1:30 

0:30 

1:50 

0.085 


l.S 

1900 

3350 

1.76 

25.0 

2:00 

3:40 

2:30 

3:50 

0.101 


T.9' 

1940 

3450 

1.78 

25.5 

2:40 

6:00 

3:20 

6:00 

0.101 


■ 2,4 

1950 

3650 

1.87 

25.5 

2:25 

5:50 

' 3:40 

5:50 

0.085 


3.0 

1960 

3890 

1.98 

25.0 

2:50 

4:30 

3:45 

4:50 

0.082 


3.5 

1970 

4070 

2.07 

25.0 

2:40 

6:30 

3:40 

6:30 

0.077 


4.0 

1980 

4250 

2.15 

25.0 

2:30 

5:40 

3:35 

■5:40 

0.071 
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TABLE XIV . — Continued 


SOs 

Content, 

percent 

Specific Surface 

Normal 
Con- 
sistency, 
per cent 

1 

Time of Setting | 

i i 

Expansion During 
Autoclave Test, 
per cent 

Turbidi- 
meter, 
sq. cm. 
per g. 

Air 

Permea- 
bility, 
sq. cm. 
per g. 

i 

Ratio, 
Air to 
Turb. 

Vicat Needle 

Gillmore Needle 

One 5-hr. 
Cycle 

Two S-hr. 
Cycles 

I 

Initial, i 
br.tmin. 

Final, 

hr.:mm. 

Initial, 
hr.: min. 

Final, | 
hr.: min. 


Cmnkei^s Of Low SCaO-ALOj anb Low Alkali Content 


Clinker No. 16890, CaA, 5.1; NaaO, 0.32; KsO, 0.02 per cent 


i.O 

1870 

2960 

1.58 

23,0 

3:40 

7:40 

4:00 

7:40 

0.010 


1.5 

1890 

3090 

1.63 

23.5 

3:50 

7:20 

4:00 

7:20 

-0.010 


1.9 

1900 

3190 

1.68 

23.0 

3:40 

7:45 

4:00 

7:45 

-0.023 


2.4 

1920 

3410 

1.78 

23.0 

2:40 

5:20 

4:00 

5:20 

-0.029 


3.0 

1950 

3640 

1.87 

23.0 

3:30 

7:00 

4:30 

7:00 

-0.031 


3.5 

1980 ■ 

3870 

1.95 

23.0 

3:30 

6:40 

4:30 

• 6:40 1 

-0.031 


4.0 

2000 

4060 

2.03 

23.5 

3:20 

6:50 

4:30 

6:50 

-0.029 



Clinker No, 15623, CsA, 4.8; NaaO, 0.05; K2O, 0.18 per cent 


0.03 

1800 

2860 

1.59 

23.0 

8:20 

12:00 

9:20 

13:00 

0.005 

0.007 

1.0 

1840 

3120 

1.70 

22.0 

3:15 

6:00 

4:10 

6:00 



1.5, 

1860 

3260 

1.76 

22.0 

3:15 

5:50 

4:30 

6:00 



1.9 

1880 

3410 

1.81 

22.0 

3:00 

5:45 

4:20 

5:50 



2.4 

1910 

3620 

1.90 

22.0 

2:50 

5:40 

4:00 

5:40 

-0.04S 

-0.042 



Clinker No. 15670, CsA, 

2.4; NazO 

0.05; KzO 

0.23 per cent 



0.17 

1800 

2630 

1.46 

20.0 

8:20 

12:00 

9:00 

13:00 

0.033 

0.038 

1.0 

1870 ' 

2920 

1.56 

19.5 

5:00 

8:50 ! 

5:15 

8:50 



1.5 i 

1910 

3080 

1.62 

20.0 

5; 25 

8:45 

5:50 

8:45 



1.9 

1950 

3220 

1.65 

20.0 

5:10 

8:40 

5:30 

8:40 



2.4 

1970 

3390 

1.72 

20.0 

5:00 

8:30 

5:00 

8:40 

-o’6i7 

-oloir 


Clinkeks op Low aCaO'ALOs and High Alkali Content 


Clinker No. 16839, CsA, 6.2; NaaO, 1.01; KaO, 0.10 per cent 


1890 

3190 

1.69 

24.0 

0:30 

4:15 

1:50 

4:15 

0.032 

1910 

3380 

1.77 

24.0 

2:15 

5:00 

2:50 

5:00 

0,032 

1940 

3600 

1.86 

24.5 

2:05 

5:40 

3:40 

5:40 

0.013 

1980 

3890 

1.96 

25.0 

2:15 

6:20 

4:00 

6:20 

-0.007 

2010 

4050 

2.01 

25.5 

2:30 

5:35 

3:40 

5:35 

-0.021 

2030 

4250 

2.09 

25.5 

1:45 

5:15 

3:30 

5:15 

-0.017 

2060 

4460 

2.17 

25,5 

2:10 

5:20 

3:30 

5:20 

-0.009 


Clinker No. 16831, CaA, 5.7; NazO, 0.05; K20, 1.37 per cent 


1.0 

1840 

3510 

1.91 

26.0 

3:15 

5:00 

3:45 

5:00 

0.102 


1.5 

1820 

3580 

1.97 

24.5 

3:30 

5:30 

3:45 

5:30 

0.090 


1.9 

1810 

3630 

2.01 

24.0 

3:00 

6:10 

4:30 

6:10 

0.074 


2.4 

1820 

3820 

2.10 

23.5 

3:15 

6:20 

4:30 

6:20 

0.056 


3.0 

1830 ; 

4040 

2.21 

23.5 

3:15 

6:20 

4:30 

6:20 

0.044 


3.5 

1850 

4220 ' 

2.28 

23.0 

3:00 

6:00 j 

4:00 

6:00 

0.038 


4.0 

1860 

4400 

2.37 

23.0 

2:45 

5:50 

4:00 

5:50 

0.031 




other hand, for cement of high 3CaO^ 
AI 2 O 3 content the clinker with low alka- 
lies, No. 16823, shows the least contrac- 
tion with 2.4 to 4.0 per cent SO 3 , whereas 
the clinker with high alkalies, No. 16843, 
shows the least contraction with 3,5 to 
4.5 per cent SO 3 . Likewise, for cements 
of low 3Ca0‘ Al 203 content the clinker 
with low alkalies, No. 16890, shows the 
least contraction with 1.9 to 3.0 per cent 
SOa, and the clinker with high alkalies, 


No. 16839, shows the least contraction 
with 4.0 to 4.5 per cent SO 3 . 

Figure 19 shows that the contractions 
of the different cements are veiy nearly 
equalized by the use of proper amounts 
of gypsum. When the cements are com- 
pared on the basis of an SO3 content of 
1.9 per cent, the different cements show 
contractions ranging from 0.025 to 0.068 
per cent at 7 days and 0.060 to 0.148 per* 
cent at 3 months—spread of 0.043 and 
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0.088 percentage points, respectively. 
When the same cements are compared 
on the basis of the amount of gypsum 
that gives the least contraction the 
values range from 0.019 to 0.040 per cent 
at 7 days and from 0.060 to 0.093 per 
cent at 3 months — ^here the spread is 
reduced to 0.021 and 0.033 percentage 
points at the respective ages. 

Thus, the results indicate that, for 
cement of high dCaO-AhOs regardless of 


which gives the lowest contraction in air 
is likewise the SO 3 content which gives 
the highest strength. 

Miscellaneous Tests of the Cements: 

The results of miscellaneous tests of 
the cements are given, in Table XIV. 
For cements prepared from the different 
clinkers there is, considerable difference 
in the water required for normal consist- 
ency. The cements of high 3CaO- 



Fig. 19."~Diagram Showing How the Contractions of Different Cements Tend to Be Equalized 
by the Use of Proper Amounts of Gypsum. 


their alkali content or cements high in 
alkalies regardless of their SCaO-AbOs 
content, the contraction on drying can 
be decreased as much as 30 to 50 per cent 
by the use of larger additions of gypsum 
than are permitted by the current 
A.S.T.M. Specifications C 150 - 44.® 
For cements of low 3CaO- AI2O3 and low 
alkali content the contraction would not 
be decreased by larger additions of gyp- 
sum. For each clinker the SO3 content 


AkOz content require more water than do 
the cements of low dCaO-AbOs content. 
For cements prepared from any one 
clinker, with SO3 content varied, the 
water required for normal consistency 
does not vary appreciably except that 
the cement with 5.0 per cent SO3 requires 
less water than do the corresponding 
cements of lower SO3 content. 

As the SO3 content is increased, the 
time of set is generally increased for ce- 
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ments of high 3 Ca 0 'Al 203 content and 
decreased for cements of low 3CaO- 
AI 2 O 3 content. All cements meet the 
requirements of the A.S.T.M. Methods 
C 191 -44® for time of set except the 
clinkers of low SCaO-AhOg, (Nos. 15623 
and 15670) when tested without added 
gypsum. Under this condition the ce- 
ments are very slow setting. All cements 
pass the pat test for soundness. Increas- 
ing the SO3 content does not greatly 


face by the two methods can be ac- 
counted for on the basis that the Wagner 
method does not adequately account for 
all of the surface of the minus 7.5 ij> 
particles. Thus, since a large percentage 
of the gypsum is present as — 7.5 /x parti- 
cles, the ratio of the specific surfaces de- 
termined by the air permeability method 
to those determined by the Wagner 
method would increase with larger addi- 
tions of gypsum. 


TABLE XV.-OPTIMUM SO 3 CONTENT OF CLINKERS OF DIFFERENT COMPOSITION. 


Clinker 

CsA 

Na20 

K 2 O 

For Proper 
Retardation 
(Heat 
Curves) 

For Highest 
Strength 

For Lowest 
Contraction 

TcMvoid 

Abnormal 

Expansion 

Optimum 
SOg, 
per cent 


Clinkers of High SCaO-AlaOs and Low Alkali Content 


No. 15367 

14.3 

0.17 

0.16 

3.0 

2.4 to 3.0 

3.0 

3,5 

3.0 

No. 16823 

12.5 1 

0.05 

0.25 

3.5 

2.4 to 3.0 

2.4 to 3.0 

>4.0 

3.0 


Clinkers of High or Moderately High SCaO* AlaOa and High or Moderately High Alkali Content 


No. 15900 

13.1 

0.36 

0.50 

4.0 

3.5 

3.5 

5.0 

3.5 

No. 15498 

11.2 

0.31 

0.42 

3.0 

2.4 to 3.0 

2.4 to 3.0 

>3.5 

3.0 

No, 16843 

11.0 

1.03 

0.06 

4.0 

3.5 to 4.5 

3.5 to 4.5 

>4.5 

4.0 

No. 15699 

10.1 

1,17 

0.46 1 

4,5 

5.0 

5.0 

5.0 

4.5 

No. 16827 

8.1 

0.04 

1.37 

4.0 

3.0 to 4.0 

3.5 to 4.5 

>4.0 

3.5 


Clinkers of Low SCaO-ALOj and Low Alkali Content 


No. 16890 

5.1 

0.32 

0.02 

1.9 

1.9 to 2.4 

1.9 to 3.0 

3.0 ! 

1.9 

No, 15623.. ' 

4.8 

0.05 

0.18 

1.9 

1.5 to 2.4 

1.5 to 1.9 

>2.4 

1.9 

No. 15670 ! 

2.4 

0.05 

0.23 

1.9 

1.5 to 1.9 

1.5 to 1.9 

>2.4 1 

1.9 

Clinkers of Low 3Ca0*Al308 and High Alkali Content 

No. 16839 

6.2 

1.01 

0.10 ! 

4.5 

3.5 to 4.5 

4.0 to 4.5 

>4.5 

4.0 

No. 16831 

5.7 

0.05 

1.37 

3,0 to 3.5 

3.0 to 3.5 

2.4 to 3.0 

>4.0 

3.0 


alter the expansion in the autoclave test 
though there is a general trend of slightly 
lower expansions with increasing SO 3 . 

The specific surface was determined by 
the Wagner turbidimeter and by the air 
permeability method (22,23). The re- 
sults obtained by these methods are 
given in Table XIV. It is shown that 
for each clinker the ratio of the specific 
surfaces determined by the air perme- 
ability method to those determined by the 
Wagner method increases progressively 
with increasing SO3 content. It is prob- 
able that such variations in specific sur- 

6 Methods of Test for Time of Setting of Hydraulic 
Cement by the Vicat or Gillmore Needles (C 191 "-44), 
1944 Book of A.S.T.M. Standards, Part II, p. 66. 


The Optimum SOz Content for the Differ- 
ent Clinkers: 

In the studies described in this report 
four methods of test have been used to 
determine the optimum SO3 content for 
the different clinkers. The rate of heat- 
liberation curves were used to determine 
the minimum SO3 content required to 
give the type of curve that would meet 
the definition of a properly retarded 
cement, strength tests were made to 
determine the SO3 content required for 
the best strengths, contraction measure- 
ments were made to determine the SO3 
content required for the lowest contrac- 
tion, and expansion measurements were 
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made to detect the occurrence of ab- 
normal expansion resulting from the use 
of larger additions of gypsum. The re- 
sults of these tests are summarized in 
the Table XV. It is seen that the SO3 
values by the different methods are in 
relatively good agreement. A suggested 
value for an optimum percentage is 
shown which is not higher than that in- 
dicated by any of the four methods. 

These data show that results obtained 
by calorimetric methods, and the tests 
for strength, contraction and expansion 
are all in very good agreement in showing 
the optimum SO3 content for the different 
clinkers. The relationship between the 
SO3 contents required for the highest 
strength and lowest contraction is shown 
also in Fig. 17. 

Previous investigators ( 24 , 25 , 26 ) have 
studied the influence of cement com- 
position on the contraction with the SO3 
content of the cements maintained con- 
stant at 1.8 to 1.9 per cent. From the 
results of such investigations it has been 
concluded that the 3 Ca 0 -Al 203 has 
the greatest influence on contraction and 
the contraction of hardened cement 
pastes stored in air increases with in- 
creasing dCaO’AhOs content. The re- 
sults of the present investigation show 
that the high coefficients of contraction 
of the SCaO -AhOa and alkalies can be 
very considerably reduced and that the 
contraction of different cement composi- 
tions can be equalized, or very nearly 
equalized, by a proper adjustment of the 
gypsum content. 

Summary and Conclusions 

Twelve commercial clinkers, repre- 
senting the range of chemical composi- 
tion found in Portland cements, were 
ground in a laboratory mill with various 
additions of gypsum. The resulting 
cements were used to study the influence 
of gypsum on the hydration and proper- 
ties of portland-cement pastes. Five 


of the clinkers were ground in commer- 
cial mills with approximately 1.8 per cent 
SO3 to three widely different specific 
surfaces. The latter cements were used 
to study the influence of fineness upon 
the rate of hydration with SO3 constant. 

A conduction calorimeter was used to 
determine the rate of hydration of neat 
cement pastes, mortar prisms were used 
to determine the physical properties of 
the hardened paste. 

A properly retarded cement is defined 
on the basis of the shape of the heat- 
liberation curve during the first 30 hr. 
of hydration. A properly retarded ce- 
ment is one that contains the minimum 
quantity of gypsum required to give a 
heat-liberation curve that shows two 
cycles of ascending and descending rates 
and that shows no appreciable change 
with larger additions of gypsum. The 
results of the physical tests show that 
when considering cements ground from 
a given clinker, those containing the 
proper amount of gypsum to give this 
type of curve will develop the highest 
strength and the lowest contraction. 

The quantity of gypsum required to 
obtain a properly retarded cement varies 
with the composition and fineness of the 
cement. The results show that the 
all^alies as well as the SCaO^AbOs con- 
tent influence the gypsum requirements 
of the cements. With cements of low 
alkali content those of high SCaO-AbOs 
content require larger additions of gyp- 
sum than those of low 3CaO • AbOs. For 
cements of the same SCaO-AbOs con- 
tent those high in alkalies react with 
gypsum more rapidly and require larger 
additions of gypsum than those low in 
alkalies. There is some evidence that 
cements containing Na^O require larger 
amounts of gypsum than do similar 
cements containing an equivalent quan- 
tity of K 2 O. 

Gypsum retards the early hydration 
of cements of high or moderately high 
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SGaO -AWs content and accelerates the 
hydration of cements of low 3CaO- AI2O3. 

Without adcfed gypsum^ cements of 
high or moderately high SCaO-AhOa re- 
gardless of their alkali content and ce- 
ments of low SCaO ^AWa that are high 
in alkalies react with water so rapidly 
.that an , . immediate' flash-set occurs. 
This phenomenon is the result of the 
rapid solution of the anhydrous alumi- 
nate phases and the rapid crystallization 
of hydrated calcium aluminates. With 
added gypsum, the gypsum dissolves in 
the mixing water together with lime 
formed by the hydrolysis of compounds 
present in the cement. The saturated 
lime-gypsum solution depresses the solu- 
bility of alumina in the aqueous solution 
and thereby retards the hydration of the 
aluminate phases. 

In the presence of the saturated lime- 
gypsum solution the aluminate phases 
dissolve at a retarded rate and react with 
the lime and gypsum to form an insolu- 
ble calcium sulfoaluminate. By this 
process the gypsum may eventually be- 
come depleted and its concentration in 
the aqueous solution decreased. If at 
this time there is still present a quantity 
of unhydrated aluminate phases, a rapid 
reaction will ocur. Such a rapid reac- 
tion appears to be the same as that which 
occurs in the immediate flash-set, that is, 
a rapid solution of the anhydrous alum- 
inate-phases and a rapid crystallization 
of hydrated calcium aluminates. With 
larger additions of gypsum this rapid 
reaction is eliminated and larger amounts 
of calcium sulfoaluminate are formed in 
place of hydrated calcium aluminates. 

It appears- that at least part of the 
alkalies of the cement are present in the 
aluminate phases, and that aluminate 
phases containing alkalies react with 
water more rapidly than do similar 
phases which are alkali-free or of lower 
alkali content. Thus the cements of 
higher alkali content require larger addi- 


tions of gypsum for proper .retardation 
than do similar cements of lower alkali 

content. 

Increasing the specific surface of the 
cement increases the quantity of alumi- 
nate phases available for reaction with 
water at early ages and thereby increases 
the quantity of gypsum required for 
proper retardation of cements of mod- 
erately high or high 3CaO • AbO® content. 

Cements of low 3Ca0‘Al203 and low 
alkali content without added gypsum can 
be mixed with water without the occur- 
rence of a flash-set. With cements of 
this type an amorphous hydrated calcium 
ferrite precipitates on the surface of the 
cement particles and seals the surface in 
a manner such as to retard subsequent 
hydration. With added gypsum a crys- 
talline hydrated calcium suhoferrite is 
formed which does not seal the surface 
and the hydration is accelerated. 

The results show that varying the gyp- 
sum content of the cement will alter the 
rate of hydration at early ages and alter 
the hydration products that are formed. 
It seems probable that such changes in 
the hydration process would alter the 
structure of the hardened paste. No 
attempt was made to examine the struc- 
ture of the paste by direct methods. 
However, the results of physical tests 
indicate that the structure of the hard- 
ened paste is altered. 

The results of the physical tests show 
that for many cements the strengths can 
be increased and the contraction on diy- 
ing or the expansion in water storage 
decreased by the use of larger additions 
of gypsum than are permitted by current 
specifications. In some instances in 
the present investigation the strengths 
were increased by as much as 20 to 50 per 
cent and the contraction decreased by as 
much as 30 to SO per cent. For cements 
of low 3Ca0*Al203 and low alkali con- 
tent the strengths were not increased nor 
was the contraction decreased by larger 



additions of g3;^sum. The cements high 
in SCaO-AlaOs regardless of their alkali 
content or cements high in alkalies re- 
gardless of 3 Ca0‘Al203 content require 
. the larger additions of gypsum. 


Gypsum could be added in larger 
amounts than is permitted by present 
specifications without danger of delayed 
expansion. 
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DISCUSSION 


Mr. Benjamin Wilk.^— W hat would 
be the effect on the hardening of con- 
crete, if it were cured at higher tempera- 
tures? 

Mr. William Lerch (author).— The 
tests described in this report were made 
at a temperature of 75 F. Some addi- 
tional tests have been made to study 
the effect of temperature on the rate of 
hydration. Higher temperatures have 
an effect approximately similar to that of 
increasing the fineness; that is, the hy- 
dration is accelerated. 

Mr. G. L. Kalousek^ (by letter) — 
The results presented by the author on 
the effect of gypsum on properties of 
hydrating cements and concretes com- 
prise a distinctive contribution to the 
knowledge of cement technology. The 
paper presents information long needed 
to answer many questions regarding the, 
correct amounts of gypsum required for 
retardation or acceleration of the re- 
actions of setting and hardening. 

The twelve cements used in the tests 
give a good representation of composi- 
tion and alkali contents among com- 
mercial cements. However, because of 
the peculiarities in behavior of many 
cements due to unknown factors, the 
proper choice of ‘h*epresentative^^ ce- 
ments is not always realized. It is not 
the intent to criticize the report on the 
ground that too few cements were used 
or the data are limited; the data for 
most tests are given in large numbers. 
It is felt, nonetheless, that the inclusion 


of certain other cements may have al- 
tered some of the interpretation made of 
the data. 

Principally on the basis of the thermal 
behavior of the cements during hy- 
dration, the author advances a theory 
to explain the mechanism of setting and 
hardening as related to the alumina- 
bearing phase, tricalcium aluminate. 
This theory appears inadequate to ac- 
count satisfactorily for many data pub- 
lished by other investigators. It is 
true that such data probably in most in- 
stances were obtained on cements dif- 
fering in many respects from those of the 
author. However, a theory to be general 
should be applicable to ah cements. It 
is with this thought in mind that this 
discussion is presented. 

Lea^ in commenting on the theories 
of setting of cements states, ^dt cannot 
be said that at the present time any 
definite decision as to the correctness of 
these various theories can be made as it 
seems not unlikely that certain elements 
of the whole truth reside in many of 
them.’’ One of these “elements of 
truth,” as it would appear to be from an 
abundance of prevailing data, obser- 
vations, and deductions, is the generally 
accepted hypothesis of the formation 
of a slightly permeable hydrous film on 
the surface of cement grains to retard 
the reactions of setting and hardening. 
The author discards this concept in 
explaining the retardation of setting by 
gypsum, stating that it is due to the de- 
creased solubility of the anhydrous 


1 Standard Budding Products Co., Detroit, Mich. 

® Chemist, Research Dept., Owens-Illinois Glass Co., 
■Toledo, Ohio. 


3 F. M. Lea and C. H. Desch, "Chemfetry of Cement 
and Concrete,” Edward Arnold and Co. (London), (1935). 
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aluminates in presence of CaS04 in 
solution. The cause of the appearance 
of the third maximum in his rate-of- 
heat ~ evolution-time curves he ascribes 
tO' an acceleration of the hydration of 
the alumina phase which results from an 
increase in solubility of the aluminate 
upon depletion of gypsum in solution. 
Reasons are advanced in the following 
paragraphs why it is believed that such a 
theory is less tenable than one based on 
the formation of semipermeable mem- 
branes of probably a metastable nature. 

The author does not report any values 
for the concentrations of alumina in the 
aqueous phase of his cement pastes. 
Since such values have a pertinent 
bearing on the theory, some of the pre- 
viously published data will be considered 
briefly. Attention has to be called 
first to the fact that the anhydrous 
phases as such have no true solubility in 
water because they are decomposed; 
hence, the solubility of the products 
(hydrates) formed is in reality the de- 
termining factor when discussing the 
solubility of the anhydrous phase. The 
author's . statement that calcium sul- 
foaluminates (phases formed in presence 
of soluble sulfates) are less soluble than 
the hydrated calcium aluminates (phases 
formed in presence of Ca(OH)2) is 
correct, but the amounts in solution are 
very small for both t3q)es of salts. The 
writer^ has reported values of about 
0.0002 g. per liter of AI2O3 as the solu- 
bility of the sulfoaluminates in saturated 
Or nearly saturated lime-g5q>sum solu- 
tions. The value for the hydrated cal- 
cium aluminates has variously been 
reported from 0.0004 to 0.004 g. per liter 
of AI2O3 in saturated or nearly saturated 
lime solution. These concentrations, 
however, are so markedly smaller than 
those of the other constituents in so- 


* G. L, Kalousek, “Study of a Portion of the System 
CaO-AlsOs-SOj-NaaO-HsO at 25 C.,” Dissertation, Uni- 
versity of Maryland, College Park, Md. (1941). 


lution that, from the standpoint of 
theories of solution," it would be difficult 
to differentiate among the values given 
or to ascribe any real meaning to the 
small difference observed. Inasmuch 
as the alkalies have an effect on the 
solubility of the hydrous aluminates and 
sulfoaluminates,^ it might seem that in 
the aqueous phase of hydrating cements 
a significant difference might be found 
in the solubility of the phases mentioned. 
Examination of extensive data published 
by the writer jointly with others® on 
the compositions of aqueous extracts 
from cement clinkers, showed that 
within limits of experimental errors, 
and making allowance for any Cr203 
present, no significant difference could 
be found in extracts obtained from pastes, 
with and without additions of gypsum, 
filtered immediately after mixing and 
2 hr. after mixing. The values, ranging 
between 0.002 to 0.010 g. per liter of 
AI2O3, are very small compared to the 
concentrations of the other constituents. 

The author in explaining the heat of 
immediate hydration, the first maximum 
in the heat curves, states that the mixing 
water during about the first 5 min. is not 
saturated with lime and gypsum, and 
that during this period the anhydrous 
aluminates are being dissolved and the 
hydrated calcium aluminate is being 
precipitated. This claim for the rate of 
solution is not berne out by the data 
of other investigators. Forsen® has 
shown .that gypsum dissolves rapidly, 
and also that the solutions from cement 
pastes are almost instantly saturated or 
supersaturated with Ca(OH)2 and sat- 
urated with respect to g3q)sum. Data 
obtained by the writer on the solution of 


« G.L. Kalousekj C. H. Jumper, J, J,Tregonm^“Com- 
position and Physical Properties o! Aqueous Extracts 
from Portland Cement Clinker Pastes Containing Added 
Materials,” Journal of Research, Nat. Bur. Standards, 
Vol. 30, p. 215 (1943). 

® L, Forsen, “The Chemistry of Retarders and Accele- 
rators,” Symposium on the Chemistry of Cements 
(Stockholm), p. 298 05^38). 
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Ca(OH)2 in the mixing water agreed 
with that of Forsen. Although such 
results would contradict sharply the 
au thorns contention on the rates of 
solution during the first few minutes, it 
should be pointed out that cements 
which have been in storage a long time 
and are partially hydrated might show a 
slower rate of solution of Ca(OH)2. 
Because gypsum dissolves rapidly it 
would be available for sulfoaluminate 
formation, and it is highly probable that 
calcium sulfoaluminate is precipitated 
instead of a calcium aluminate hydrate, 
immediately upon the addition of the 
mixing water. This statement is based 
on tests and observations by Forsen,^ 
results of comprehensive studies by Jones’' 
on systems involving CaO-AbOs-SOs- 
Na20-K20-H20, and by results of the 
writer^. 

In order to discuss the postulate of 
the formation of protective films and 
contrast it with the author’s explanation, 
a brief r&ume is given of some of the 
theories advanced. Forsen® presented 
an extensive amount of experimental 
data to support the hypothesis that a 
film of a sulfoaluminate, specifically the 
monosulfate form of the salt, is formed 
and retards the reaction of the hy- 
dration of the aluminous phases. Jones^ 
in a recapitulation of his studies like- 
wise favors the formation of a film of 
sulfoaluminate, but he considers that 
the solid solution of the sulfoaluminate 
is the product formed. Roller® expressed 
the belief that a film of tetracalcium 
aluminate hydrate was formed even in 
the presence of gypsum in solution. 
As already stated, it appears doubtful 
that hydrated calcium aluminate precip- 


F. E. Jones, “The Formation of the Snlfoaluminates 
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Industrial and Engineering Chemistry, Vol, 26, p. 669 
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itates in the presence of sulfate in 

solution. 

In what manner the deposit of sul- 
foalummate as a film may retard the 
hydration of the anhydrous alumina 
phases is not known, especially in 
cements where the presence of silicates 
may play a part. Thus, additions of 
alkali sulfate to cement clinkers,® or 
the K2SO4 already present in some 
clinkers^®'^h do not retard the reactions 
of hydration even though sulfoalumi- 
nates are being formed^h Actually al- 
kali salts® and hydroxides® accelerate 
the reactions of setting. Evidently cer- 
tain conditions favoring the stability of 
the film must prevail. Roller® pointed 
out that Ca(OH)2 must be present in 
solution to stabilize the film, Forsen® 
called attention to the fact that a large 
decrease in Ca(OH)2 in solution is caused 
by NaOH and KOH of even moderate 
concentration, and this confirms Roller’s 
finding. 

The preceding considerations would 
permit the deduction that the nature 
of the aqueous phase has a marked in- 
fluence on the course of the reaction of 
hydration. It should follow that as the 
composition of the solutions changes, a 
change occurs in the nature of the solid 
products. In studies of systems per- 
taining to cements, the writer^® has shown 
that even relatively low concentrations of 
NaOH (5 g. per liter as Na 20 ) decrease 
markedly the lime content of the hydrous 
lime silicate gel formed compared to the 
composition found without the NaOH. 
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(1942). 

11 G. L. Ralousek, C. H. Jumper, and J. J. Tregoning, 
“Potassium Sulfate in Cement Clinkers," Rock Products, 
April, 1941. . ■ , 

12 G, L. Kalousek, “Studies of Portions of the 
Quaternary System Soda-Lime-Silica-Water at 25 C.," 
Journal of Research, Nat. Bur. Standards, Vol. 32, p. 
2S5 (1944). 
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Also it was found that NaOH in moderate 
concentration results in the formation 
of the solid solution form of the 
sulfoaluminates. Direct evidence is not 
yet available as to the alterations that 
may take place in the composition of the 
hydrous film in cements. However, it is 
likely that as the composition of the 
solution is changed there results a change 
in the film. Certain deductions by 
inference regarding these changes may 
be drawn from the heat curves for the 
hydration of 3CaO • SiOa without any ad- 
ditions. The author has mentioned that 
this compound in reacting with water 
gives a rate-of-heat-liberation curve 
similar to that of cements of low 3CaO- 
AI2O3 and low alkali. That is, there is 
first a rapid evolution of heat during the 
first few minutes, termed the heat of im- 
mediate hydration, followed by much 
lower rate for a few hours, and then 
there occurs a more rapid evolution of 
heat for a while. The explanation of 
these variations in the rate of heat liber- 
ation may be according to the following 
reasons. During the first few minutes 
the reaction is rapid and a deposit of a 
lime silicate is formed on the surface of 
the crystals. The gel first formed must 
contain less Ihne than that formed later 
because initially a part of the lime is 
required to saturate the solution. After 
the solution is saturated, in a few seconds 
for pastes of normal consistency, the 
gel subsequently formed is richer in 
lime. Why the film deposited retards 
the hydration for a while, as indicated 
by the slower rate of heat evolution, is 
not known. It must be more impervious 
to the water than that deposited later, 
but upon changing over to a product of 
different composition it becomes more 
pervious to the water and the rate of 
hydration is increased. 

A rate-of-heat-liberation curve for 
3Ca0-Al203 cannot be determined as for 
3Ca0*Si02, because of the very rapid 
rate at which the reaction occurs. Ap- 


parently no fi'm is deposited. This 
compound when in cements shows a 
markedly slower rate of reaction, due 
probably to the effect of the other con- 
stituents in cements. The author has 
shown that the curve for cements of 
moderate or high 3 Ca 0 ’Al 203 , de- 
pending on the amount of gypsum added, 
may show three maxima, the first two 
being similar to those for 3Ca0‘Si02 
except they are higher and the second 
occurs sooner. As already mentioned, 
the author ascribed the first to the 
formation of hydrous calcium alumi- 
nate, but t could be due also to the 
format'on of the sulfoaluminates. The 
cause for the second maximum is not 
given. The third maximum occurs if 
insufficient gypsum had been added and 
is explained as being the result of the 
rapid hydration of the remaining 3CaO- 
AI2O3 above that required to combine 
with all the sulfate. The author could 
not account for the third maximum if 
the hypothesis of the film formation were 
adopted. The following statement from 
his report summarizes the ground for 
the rejection of the film hypothesis: 
“If this decrease in the rate of heat 
liberation were to be explained entirely 
on the basis of the formation of a pro- 
tective film of hydration products it 
would be difficult to explain the subse- 
quent disappearance of the protective 
film, as would be necessary, to permit the 
rapid reaction and high rate of heat 
liberation.’^ 

Any explanation of the third maxi- 
mum merits consideration of the change 
in the aqueous phase. Prior to the 
occurrence of this rapid liberation of 
heat, the sulfate disappears from solu- 
tion and there is left essentially a solu- 
tion of alkali hydroxides for cement of 
even moderate alkali contents. This 
change in solution' (from calcium and 
alkali sulfates and, hydroxides to only 
alkali hydroxides with little lime) could 
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result in a chemical as well as physical 
change in the reaction products leading 
to an increased permeability of the film. 
Not only would the reaction be accel- 
erated by the .availability of more water 
to, .the anhydrous particles, but as al- 
ready mentioned the reactions of hy- 
dration of cements are accelerated by 
addition of alkali salts* 

.The, explanation of the second maxi- 
mum in the heat-liberation curves would 
appear to deserve more consideration 
than given it. Neither the hydration of 
3 CaO ‘ AI 2 O 3 alone, nor v3CaO * SiOa alone, 
accounts for this maximum. It does 
not seem unlikely that both these phases 
are hydrating simultaneously. It is 
possible that the hydration of the sili- 
ceous phases affects that of the alumi- 
nous phases and conversely the hydration 
of the siliceous phases may be altered 
by the reactions of the aluminous 
phases. This point is of interest in 


connection with the author’s claim that 
the alkalies may be associated with the 
aluminous phases and that these alkali- 
containing phases, as indicated by heat- 
liberation characteristics, react more 
rapidly with gypsum than do similar 
phases free of alkalies. One may raise 
the question whether the alkalies could 
not originate equally as well from the 
siliceous phases since they are probably 
hydrating relatively fast at the point 
of the second maximum. Once in 
solution, these would be expected to 
accelerate the reaction of the aluminous 
phases with g3rpsum. The author may 
be correct in his deductions, but it seems 
that too little is known about the hy- 
drolysis of the alkali-containing lime 
silicates to permit any conclusion as to 
the origin of the alkalies. Further- 
more, the presence of the alkali sulfates 
in clinker also may be expected to ac- 
celerate the rate of reaction. 
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MODULUS OF ELASTICITY OF AGGREGATES AND ITS EFFECT ON 

CONCRETE* 

By H. A. LaRue' 


Synopsis 

Materials in the State of Missouri, available for use as concrete aggre- 
gates, show considerable variations in hardness and other properties. Some 
make excellent concrete, which is durable and resists weathering agencies 
well, while others do not give such good results. 

This paper gives a report of some studies made on the properties of the 
aggregates and their effects on the concretes in which these aggregates were 
incorporated. Attention has been chiefly given to the elastic properties of 
the aggregates and their relations to those of the concrete. . The data re- 
ported here may serve to explain in part some characteristics which con- 
crete has shown under service conditions. 


In cooperation with the Bureau of 
Materials of the Missouri Highway De- 
partment, the Engineering Experiment 
Station at the University of Missouri 
has carried on a series of experiments to 
determine the relation between the 
physical characteristics of certain stones 
and that of the concrete in which the 
stones are used as coarse aggregate. 

This program is a continuation and 
extension of the research initiated by 
Willis and De Reus (l)^ on aggregates 
from several sources in Missouri. Their 
work was confined to a study of the 
effects of fine aggregates on mortars, 
whereas the investigations reported here 
deal with the effects of coarse aggregates 
on concrete mixtures. 

General statements have been made 
by other investigators to the effect that 
the elastic properties of concrete vary 
with the stiffness of the aggregates used. 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Associate Professor of Civil Engineering, University 
of Missouri, Columbia, Mo. _ 

2 The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1309. 


Results of some experiments are re- 
ported by Richard L. Humphrey (2), 
which included compression tests on con- 
crete cylinders for strength and deter- 
mination of modulus of elasticity, with 
results showing different values for the 
modulus for various aggregates — granite, 
limestone, gravel and cinders. Koenit- 
zer (8) included the statement that: 
‘^Aggregates have an important inflluence 
on the elastic properties of the resulting 
concrete.’' Noble (7) stated that a 
. .very marked effect of variations in 
aggregates upon the value of the modulus 
of elasticity is particularly significant, 
the extent of this variation being such 
that it should by all means enter into 
the design of reinforced concrete struc- 
tures.” The results as reported by these 
authors show that hard stones, such as 
granite, produce a higher modulus of 
elasticity in the concrete than aggregates 
known to have lower elastic properties. 
But no reports on the properties of con- 
crete show that any quantitative rela- 
tions have been determined between the 
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modulus of elasticity of concrete and the 
elastic properties of the stones which 
have been used as aggregates. ■ However, 
other reports obtained for concretes 
made with different stones indicate that 
the modulus of concrete is affected very 
little by the several types of aggregates. 

Suggestions have been made by other 
investigators that a definite study is 
needed to determine the modulus of 
elasticity on individual aggregates enter- 
ing into concrete mixtures. 

A report by Stanton Walker (6) on 
some investigations of the modulus of 
elasticity for concrete made from four 
different coarse aggregates: crushed lime- 
stone, pebbles, crushed blast-furnace 
slag, and crushed granite, states that: 
^These tests show Uule variation in either 
strength or modulus of elasticity of con- 
crete made from the four types of coarse 
aggregates. This result should be con- 
trasted with the published tests on con- 
crete made from different aggregates. 
These tests undoubtedly show the correct 
relations,’’ 

Perhaps the lower precision of the in- 
struments described by the authors as 
being used in these experiments may 
account for reaching this conclusion. 

The data presented in the present re- 
port concern that little variation which 
apparently is shown in the modulus of 
elasticity of concrete, due to the use of 
aggregates having differing moduli of 
elasticity. In order to detect the small 
differences in the elastic properties of the 
various concretes, very accurate meas- 
urements of the deformation of the 
specimens under relatively small loads 
are necessary. The measurements made 
in this series of experiments were of a 
high degree of precision, observations of 
deformation being obtained with Hug- 
genberger tensometers. More detailed 
explanation of the sensitivity of the 
tensometers is given later in this report. 

Admitting that the differences in mod- 


ulus are small for different concretes, 
nevertheless, they may well be of suffi- 
cient magnitude to cause unequal dis- 
tribution of stress and deformation 
between the coarse aggregates and the 
mortar matrix due to expansion or con- 
traction from temperature effects and 
wetting and drying. It is readily con- 
ceivable that such differentials can cause 
damaging effects in the internal struc- 
ture of the concrete mixture, which is 
essentially a conglomerate, made up of 
constituents with differing character- 
istics. 

A report by D. A. Abrams (5) includes 
a general conclusion as follows: ^^Recent 
investigations have shown that the 
strength and resistance to wear of con- 
crete is dependent only to slight degree 
upon the weight, hardness or toughness 
of the material of which the coarse 
aggregate is composed, so long as the 
compressive strength of the material is 
not lower than that of the concretes. 
The high strength secured from light- 
weight aggregates consisting of burnt 
shale has shown the fallacy of the older 
views that the strength of the concrete 
is dependent upon the strength of the 
aggregate. More thorough investiga- 
tions have shown that the concrete made 
from limestones, gravels, granites, traps, 
sandstones and blast-furnace slag, as 
coarse aggregates, give essentially the 
same strength, so long as the grading is 
similar and the quantity of water ab- 
sorbed by the aggregates is taken into 
account.” 

Certain factors which come within the 
scope of this study show agreement with 
the general opinion given above. The 
specific feature that is of major im- 
portance in the acceptance of Mr. 
Abrams’ statement pertains to the condi- 
tion that the aggregate should be of a 
uniform character as to physical proper- 
ties, and that better results with concrete 
will be obtained if the aggregates are of 
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TABLE I.— SIEVE ANALYSES OF SANDS-USED. 


Sieves 

Total Passing, 
per cent 


100.00 

No. 4 

99.84 

No. 8. . . - 

96.30 

No. 14 

77.18 

No. 28 i 

48.49 

No.AS 

10.31 

No. 100 

1.92 



approximately the same as or of greater 
hardness and toughness than the mortar 
in which it is embedded. 

Assuming this to be a correct state- 
ment as to the strength of concrete, the 


studies reported herein have led to the 
principal purpose of determining the 
relationship of the modulus of the con- 
crete to two factors only: (1) the modu- 
lus of the stones used for aggregates and 
(2) the modulus of the mortar in which 
the aggregates are embedded. Since 
the character of the’ mortar has an im- 
portant bearing on the qualities of any 
concrete mixture, this factor is included 
in the development of the theory as to 
the relationship existing between the 
properties of the aggregates and those of 
the concrete. 


TABLE II.-ELASTIC MODULUS OF LIMESTONES. 


Bowling Green Limestone 

Carthage Limestone 

Plattin Limestone 

Specimen 

Number 

I Elastic 
Modulus, 
E«X 10“6 

Specimen 

Number 

Elastic 
Modulus, 
E, X 10-« 

Specimen 

Number 

Elastic 
Modulus, 
Es X 10"8 

Specimen 

Number 

Elastic 
Modulus, 
Es X 10~« 



High Modulus I 

Low Modulus I 



C12V 

2.049 



DU 

6.06 

P4 

10.30 

C16V 

1.362 



D12 

S.9S9 

PS 

11.18 

CISV 

2.193 

B13 

8.139 



P7 

11.18 

C19V 

2.138 



D14 

6.198 

P8 

10.41 

C21V 

1.257 

B16 

9.603 



P9 

10.41 

C22V 

2.043 

B19 

10.284 



PIO 

11.83 

C30V 

1.690 

B20 

9.671 



Pll 

12.08 

C3SV 

2.175 

B21 

8.547 



P12 

12.30 

C36V 

1.684 

B22 

9.228 



, Pi3 

12.00 

C49V 

1.825 

1 B23 

9.773 



P14 

11,27 



B24 

8.752 



PIS 

11.27 

Not used in 

test 

B27 

8,207 



P16 

11.09 

ClOV 

3.014 

B28 

8.479 



P17 

11.88 

C1.W 

2.270 



; D29 

6.147 

P20 

12.06 

C28V 

1.707 

B30 

9.399 



P21 

11.06 

C40Vi 

2.732 

B32 

8.581 



P23 

12.30 

C40V2 

2.732 

B33 

8.343 



P24 

10.55 

C43V 

2.634 

B34 

9.228 



P25 

10.55 

C12H 

1.454 

B35 

8.309 



P26 

10.48 

ClSH 

4.482 

B36 

11.646 



P27 

10.57 

C16H 

2.492 

B37 

8.207 



P28 

12.30 

C2lH 

1.756 

B38 

10.216 



P29 

10.79 

C28H 

2-820 

B39 

9.296 



P30 

11.84 

C30H 

2.276 

B40 

8.649 



P31 

10.93 





D41 

7.219 

P32 

11.88 



B42 

9.024 



P33 

12.30 



B45 

8.479 







B46 

9.228 



Not used in 

test 



B47 

9.433 



PI 

9.65 



B48 

9.841 



P2 

9.37 



B49 

9.024 



P3 

12.45 



B50 

8.479 



P6 

7.21 





D51 

7.253 

P18 * 

8.79 



BS4 

10.250 



P19 

9.76 



BS5 

8.547 



P22 

9.76 



B56 

9.671 



P22H 

9.23 







P26H 

11,18 







P29H 

11.47 



The following specimens were drilled and tested 

by M. E. Be Reus; 






D1 

6.4 

P3jc . 1 

! 10.6 





D3 

7 

■P4jc 1 

! 12.7' 





D4 

7 






D6 

6.7 

Not used in 

test 





D8 

6.6 

Pijc ' ! 

9.5 





D9 

7.3 

P2jc 

9.5 

Average,. : 

1.877 

2.193 

1.257 

Average 

9.047 

11.65 

8.14 


6.733 

7.30 

5.96 


11.37 
12.75 ^ 
10.48 

Highest value. . . . 
Lowest value ....1 

' • ' ' ■ , 1 

Highest value.... 
Lowest value,,... 

Highest value.. . . 
Lowest value 

Highest value. . . . 
Lowest value.,.. . 


Modulus of Elasticity, psi. 
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Missouri River at Jefferson City, Mo. 
For the purpose of obtaining uniformity 
of composition in the mortar, the sand 
was separated by screening into several 
fractions, and these fractions were re- 
combined in proper proportions to get a 
sand of the gradation shown in Table I. 
Stone for coarse aggregate was ob- 



Since the reports of earlier tests to 
which reference has been , made were 
based on concretes, made from cements 
which did not have the high strengths 
that present-day cements exhibit, the 
effects of coarse aggregates on the proper- 
ties of the concrete were less evident 
than now. 


Materials 

The Portland cement used in the 
manufacture of the cylinders was one 
of the standard brands which conformed 
satisfactorily to A.S.T.M. Standard 
Specifications for Portland Cement (C 
150 

The sand was obtained from the 


s 1944 Book of A.S.T.M. Standards, Part II, p. 1. 


tained from several sources in the state 
to represent a wide range in physical 
characteristics, but primarily to show 
distinctly different values for the modu- 
lus of elasticity. Preliminary studies on 
samples from several sources were made, 
and the nominal values for modulus of 
elasticity so determined were the basis 
for selection of deposits from which 
materials were to be obtained for these 
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tests. The following stones and loca- 
tions of deposits were chosen: 

Material Source 

Bowling Green limestone Pike Comity, Mo, 

Burlington limestone, low modulus Carthage, Mo. 
Burlington limestone, high modulus Carthage, Mo. 

Plattin limestone Cape Girardeau, Mo. 

The determination of modulus of 
elasticity on these stones was made by 
the same methods and apparatus re- 
ported by Willis and De Reus (1), which 
have been described fully in their report 
and need not be repeated here (Table II). 

Large numbers of 1-in. cores on which 
to make determinations of the modulus 
were drilled from selected pieces of stone 
from each quarry. This procedure pro- 
vided a basis for the careful selection of 
samples of stone from each source in 
order to produce an aggregate of uniform 
physical properties. Considerable varia- 
tion is shown in samples of stone from 


TABLE IIL— GRADATION OF COARSE 
AGGREGATES. 


Sieve Size, in. 

Total Passing, 
per cent 


100 



1' 

88 

u 

60 

^ 

27 


13 

Q 

0 




a single quarry and hence a large num- 
ber of pieces had to be examined, and a 
selection was made of the particular 
blocks of stone from each source which 
showed best agreement in the tests for 
modulus of elasticity (Table II). 

Values of moduli on stones from the 
several sources are illustrated graphi- ' 
cally in Fig. 1 . A weighted mean value 
of modulus for each class of stone was 
determined. ^ 

The values of modulus as determined 
by tests on the stones selected for aggre- 
gates in the concrete mixtures are given 
in Table II. 

LThe coarse aggregates were then pro- 
duced from the several stone sources by 


crushing to a convenient size and screen- 
ing into several fractions, then recom- 
bining to give the gradation shown in 
Table III. 

Proportions OF Concrete Mixtures 

For the purpose of producing accurate 
proportions of materials, the determina- 
tions of amounts of each material, ce- 
ment, sand, and stone, are based on pro- 
portions by absolute volume. Amounts 
of each material were determined by this 
method and actual weights were com- 
puted for each proportion. This method 


TABLE IV.-COMPOSITION OF MIX (BY VOLUME). 


Mix 

Cement 

Water 

Fine , 
Aggre- 
gate j 

Coarse 

Aggre- 

gate 

I 

1 

0.77 

2.19 

3.05 

11 

1 

0.77 i 

2.19 

3.57 

Ill 

1 

0.77 

2.19 

4.24 


takes into consideration the specific 
gravity of each material and weight per 
unit volume. Greater exactness was 
thereby obtained in making up each 
batch of concrete. 

In order to^ bring out as well as possible 
the effects of the different kinds of aggre- 
gates on the properties of the several 
concrete mixtures, a carefully controlled 
mortar of uniform character and con- 
sistency was used throughout the entire 
series of samples. 

Three mixes were designed for each 
class of coarse aggregate, varying only 
the amounts of stone so that the propor- 
tions shown in Table IV were obtained. 
Concrete samples for the tests were 
molded in cylinder forms, 4 in. in diam- 
eter and 8 in. in height. 

For comparison with the moduli shown 
by the concrete samples, mortar samples 
were also made in 4 by 8-in. cylinders, 
using the same proportions that were 
used for the mortar in the concrete 
containing the various coarse aggregates. 
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Precautions were taken to insure uni- 
form conditions with regard to effective 
water in the mixtures. All aggregates 
were soaked in water for a period of 
several days to preclude any variation in 
consistency of mix due to absorption by 
the aggregates of the water added at the 
time, of making samples of concrete. 

The program of tests provided for 
measuring the differences in modulus of 
elasticity of the concretes, with relation 
to the amount of coarse aggregates used 



Fig. 2. — Huggenberger Tensometer. 


in the mixtures made with aggregates 
derived from a single source. However, 
the variation in the amounts of coarse 
aggregates in the three mixes was not 
very large. The results did not indicate 
any regular and consistent differences in 
modulus with regard to the ratios of 
coarse aggregates, probably explained by 
the masking effect of the modulus of the 
mortar matrix in which the coarse aggre- 
gates were embedded. Values of modu- 
lus determined on individual cylinders 
made from one class of aggregates in any 


given mix often showed more variation 
than that exhibited between any two 
sets of cylinders in which different pro- 
portions of the coarse aggregates were 

used. 

Determination of Mobxjltjs of 
Elasticity 

Measurements of the concrete cyl- 
inders were made by loading in a uni- 
versal testing machine. Application of 
load was started at 500 lb. and increased 
to 1000, 2000, 3000, etc., up to a maxi- 
mum of 12,500 lb., which gave a nominal 


TABLE V.— RELATION BETWEEN MODULUS OF 
ELASTICITY OF CONCRETE AND THAT OF 
COARSE AGGREGATES. 


Type of 
Aggregate 

Modulus of 
Elasticity 
of Stone, 

X 10-6 

Modulus of 
Elasticity of 
Concrete, 

Ec X 10"6 

Mean 

Value 

Mix 

I 

Mix 

II 

Mix 

III 

Limestone Bowl- 






ing Green..... . . . 

1.877 

3.884 

3.924 

4.054 

3.954 

Limestone L.M. 






Carthage 

6.733 

5.094 

4.951 

5.700 

5.208 

Limestone H.M. 


Carthage 

9.047 

15.979 

5.892 

6.650 

6.174 

Limestone (Plat- 






tin) 

11.370 

6.913 

7.553 

6.730 

7.065 

Sand Mortar 

Em = 5.320 






stress of 1000 psi. on the 4-in. cylinders. 

Deformation readings were taken at 
each increment of load with Huggen- 
berger tensometers (Fig. 2). Since these 
instruments are used in pairs mounted 
on opposite sides of the cylinders, eccen- 
tricity is eliminated in values obtained 
for deformation. 

The scale of the tensometer is gradu- 
ated to divisions having the value of 
0.05 unit on the dial. On this scale, 
observations to one-fifth division can be 
easily and accurately estimated for the 
movement of the needle, thus giving the 
readings of 0.01 unit. Indicator levers 
will show movement on the dials for a 
load as small as 25 lb. 

Loadings were carried only to a value 
well below the elastic limit of the con- 
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TABLE VI.— COMPRESSIVE STRENGTH IN PSI. FOR 
4 BY 8-IN. CONCRETE CYLINDERS. 

Platon Limestone 


TABLE VI. — C^fiUfwed 
Bowling Gken Limestone— 


Age 

>1, 

PII 

* PHI 

! 


852 

1178 

1127 

7 days - 

942 

1054 

1062 


1051 

1100 

j 1078 


1389 

1531 

1 1608 


2068 

1562 

! 1390 


1321 

1359 

1 1569 

28 days... , 

3100 

2855 

2970 


2660 

3490 

3250 


2600 


3080 


2520 




2520 




4270 

6620 

5610 


4455 

8080 

4130 


5690 

7460 

3690 


5920 

9320 

4620 


4760 

7660 

4080 




3890 




4200 

4 yr ■ 



4800 


4995 

4240 

3480 


4735 

4275 

2550 


4700 

4895 

2740 


5490 ■ 

4000 

2460 


5870 

3700 

3330 


5070 

3800 


Burlington Limestone (High-Modulus i 

Carthage) 

Age 

BI i 

BII 

Bin 

( 

1666 

1287 

953 

7 days -1 

1684 

1158 

940 

1 

1779 

1255 

1123 


1650 

2068 

1533 


1940 

1561 

1424 


1452 

1742 

1410 

28 days — ' 

3420 

3580 

3460 


3090 

4045 

2980 


3100 

3980 

3840 


3220 

3810 

2425 


3620 

3620 

3390 


4140 

4646 

5235 


3830 

5621 

5840 


4310 


5025 


4705 


5800 


4210 


5880 

4 yr. • 

3355 

3505 

2095 


5375 

3710 

2765 


4070 

3110 

2955 


4595 

3410 



5550 



Bowling Green Limestone 

Age 

C I 

CII 

C HI 

[ 

1530 



7 days 

1530 



t 

1190 



{ 

3060 

2335 

1455 

I 

2660 

2265 

1770 

28 days 1 

2670 

2405 

1915 


2630 

1780 

1980 

' 

2030 

2160 

2125 


Age 

Cl 

CII 

cin 


4090 

4850 



3680 

4580 



4615 

4570 



5150 



4 yr... ■ 

5480 


5030 


5100 


3^990 : 


5000 


4670 


4530 


4990 


5390 


5350 


4490 




Burlington Limestone (Low-Modulus Caethage) 


Age 

D I 

D II 

D m 


3105 

2940 

4045 


3340 

2820 

2980 

28 days 

3840 

3080 

3020 


2985 

3440 

3300 



3180 

3960 

{ 

4650 

4610 

6220 


6250 

5790 

4480 

4 yr < 

6000 

4870 

5200 


5910 


6670 


4440 


6250 


(M) Moetae Cylinders 


28 days., 


4 yr.. 


f 3460 



! 3410 



1 3780 



1 4050 



6700 

6800 


5820 

7170 


6450 

7390 


6950 

7630 


5700 

7550 


6050 

7030 

, ,1 

6350 

7750 


5330 




Note.— Graphic representation of these values ts given in 
Fig. 6. These data do not show any definite relation 
between the modulus of elasticity and the compressive 
strength for concrete made from the various aggregates 
used in this series of tests. 

Crete, and readings were taken on both 
ascending and descending loads. In 
some cases, a lag was shown in deforma- 
tion readings taken on the descending 
scale of loads, probably due to a slight 
degree of plastic flow in the- concrete. 
Nevertheless, the greater number showed 
very regular and consistent results, with 
a straight-line ratio of stress to deforma- 
tion within the limits of loads imposed 
on the samples. In practically all cases^ 
the values of modulus were computed 
from the ascending scale of loads and the 
corresponding deformation readings. 
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The slopes of the stress-strain graphs different values for the constants from 
plotted for descending readings were the first equation (Fig. 5). However, 
parallel to those for ascending scale of ■ the two curves for the expressions do not 
values. differ materially in shape and position 

Graphs for several of the cylinders on the graph sheet, 
are shown in Fig. 3 to illustrate the per- 
formances of the concrete under load. Compressive Strength of Concrete 
The curve shown in Fig. 4 is plotted 

from the data obtained from tests of Data from the crushing tests on the 
more than 200 concrete cylinders, on several mixes in this series (Table VI) do 
which repeated measurements were made not indicate any consistent relation be- 



■ Modulus of Elasticity of Sand Mortar, E^x IO'®,psi. 

Fig. 5 . — Relationship Between Modulus of Elasticity of Sand Mortar and of Concrete. 


totaling over 900 individual tests for 
modulus of elasticity. 

Equations Derived prom Graphs 

Two fortes of equations may be de- 
rived from the curve drawn through the 
median position of the plotted points; 
one equation expresses only a relation- 
ship between the modulus of elasticity 
of the stone and that of the concrete in 
which it is used (Fig. 4) ; the second equa- 
tion includes the modulus of the mortar 
itself as a factor which has slightly 


tween the hardness of the aggregates and 
the compressive strength of the con- 
cretes. The concretes in which the 
softer coarse aggregates were used 
showed strength equal to those in which 
hard coarse aggregates were used, in 
some cases even higher strengths. Be- 
cause of this evidence, the relations of 
modulus of elasticity strength are 
not included in the development of the 
theory on characteristics of concrete. 
Efforts were confined to the determina- 
tion of the relationships that apparently 
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— — Sources of Aggregates'^— — ■ — 

Fig. 6. — Chart of Crushing Tests on 4 by 8-in. Concrete Cylinders. 
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were shown between the elastic proper- 
ties of the^ aggregates^ the mortar, and 
the concrete. 

Discussion 

Since' the preponderance of the data 
follow the general relation expressed by 
the equations of exponential type stated 
previously, they take the general forms: 

(I) £c = ^ (1 - 
and 

(II) £c= 

These equations give a fairly accurate 
mathematical statement of the influence 
of aggregates on the modulus of the con- 
crete. As the values of £a increase, the 
quantity decreases in value, 

approaching zero as a limit. The con- 
stant may also be written (kEm), 
which takes account of the modulus of 
mortar in the concrete. The constant 
and “a’’ are dependent on character- 
istics of the coarse aggregates other than 
the m.odulus of elasticity, such as shape 
of particles, roughness of surface and 
adherence of mortar to stone particles. 

The plotted data show that for increase 
in values of moduli for the stone, the 
valued (modulus of concrete) increases 
at a slower rate than that of the stone 
in the series of mixes in such a manner 
that Ec approaches a maximum value of 
approximately 6,000,000 psi. These 
values no doubt would vary for other 
aggregates to some extent, also the use 
of different cement-sand-water ratios in 
the mortar would be expected to have 
some influence on the shapes of the 
curves through the means of the plotted 
data. 

Conclusions 

1. Aggregates produce a decided effect 
on the elastic properties of concrete, 
stone having a high modulus of elasticity 
developing correspondingly higher mod- 


uli in the concretes than stone having 
low moduli. 

2. The relation of the modulus of elas- 
ticity of aggregates to that of the con- 
crete is not a linear function, but may be 
expressed by an equation of exponential 
t>'pe, for which the maximum value for 
the modulus of elasticity of the concrete 
is approximately 6,000,000 psi. 

3. Since the mortar has, an important 
influence on the elastic properties of the 
concrete, this serves to modify the effects 
of the aggregates on the moduli of the 
concretes. The value of modulus for 
the mortar being approximately median 
with respect to the range of values on 
the stones, the concrete made with 
aggregates of highest modulus had lower 
modulus than that of the stone, and the 
modulus of the concrete made with low 
modulus aggregate was raised above that 
of this stone. 

Fair agxement was shown between the 
modulus of concrete and the mortar, 
when stone having approximately the 
same value of modulus as the mortar 
was used for aggregates. 

4. No correlation between the com- 
pressive strength of concrete and the 
modulus of elasticity is evident from a 
study of the data. 

5. A high degree of precision in 
measuring deformations is essential to 
determine differences in moduli for the 
several concretes, since total deforma- 
tion for all mixtures is relatively small 

6. Elimination of several variable 
factors affecting the properties of con- 
crete is necessary in order to evaluate 
the effects of the elastic properties of 
the aggregates on those of the concrete. 
The program of experiments reported 
herewith was planned to control certain 
variables not pertinent to this study, 
with the purpose of eliminating them, 
or at least reducing their effects to a 
minimum, thereby accentuating the 
effects of the modulus of the, aggregates 
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in tlieir influence on the modulus of the 
concrete, 

7, Careful control of water-cement 
ratio, gradation of aggregates, propor- 
tioning of mixtures, mixing, molding, 
and curing speciin,ens under uniform 

^conditiQns, makes the moduli of aggre- 
gates the primary factor in controlling 
the moduli, of the concrete. 

8, Basically, a concrete mixture is a 
conglomerate, and consequently has 
many variations in its characteristics, 
even in different portions of a single mass 
of concrete. It appears to be impossible, 
especially in practice, to produce a 100 


per cent homogeneous material, even in 
a single batch of^ concrete, mixed under 
the best possible working conditions. 
Results as shown do not' indicate any 
regular and consistent differences in ^ 
modulus with regard to the ratios of 
coarse aggregates in the three different 
proportions, made from material from 
any single source. Variation in the 
amounts of coarse aggregates for the 
three mixtures was not very great. 
Values of modulus on individual cylin- 
ders of any single mix often varied more 
widely than that exhibited by any two 
sets of different proportions. 
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DISCUSSION 


Mr. N. T. F. Stadtfeld.^ — How 
many cylinders were included in one 
test set — three, six, or nine? How good 
was the correlation between cylinders 
in one set? 

Mr. H. a. LaRue {author ), — ^Three 
sets of mixtures, thirty to fifty cylinders, 
in each set. The total number of 
cylinders on which the data in this report 
are based was in the order of four hun- 
dred or more. We made sets of six and 
twelve cylinders for each series. Then 
we repeated operations on certain sets 
of the series, covering a period of six 
years, making two or three sets of 
cylinders for a given mix with one class 
of aggregates. We molded a total of 
something like eight hundred to one 
thousand test cylinders, on which meas- 
urements for deformations under load 
were repeated several times. A large 
number of these tests I made with my 
own hands and can vouch for the accu- 
racy of the results. 

I have observed in our testing work, 
that variations in concrete are unlimited. 
Covering the past twenty or thirty 
years, our records include reports on 
construction projects from all over the 
state. Some of the engineers on the 
state jobs had to regulate their concrete 
production very carefully, conforming to 
specifications set up by the W.P.A. and 
other governmental agencies. There 


were all sorts of variations in strengths, 
where they were supposed to be con- 
trolling the production of concrete under 
very rigid specifications. 

Recently, on extensive improvements 
in Columbia, Missouri, concrete founda- 
tions for a million-gallon water tower 
were constructed. The engineer on this 
job has been all over the country on 
different projects, and has had broad 
experience on concrete work. He set up 
rigid control on this work, checking the 
scales at the central mixing plant with 
our 50-lb. standa^rd weights, even going 
,, to the extent of having his plant inspec- 
tor operate the levers on the scales for 
batching the concrete. 

Preliminary trial mixtures were se- 
lected and tested in our laboratory, to 
determine proportions of the concrete. 
Consistently high strengths were ob- 
tained on the construction. Some of 
these strengths ran as high as 6000 psi. 

Mr. Stadtfeld. — ^What was the per- 
centage of variation between say twelve 
cylinders? 

Mr. LaRue. — Sometimes 50 per cent 
plus or minus, for the extreme range of 
values. However, many cylinders were 
discarded which showed faults and seams 
due to conditions of molding. The 
values of modulus for the concrete 
samples used in this report were selected 
from the more consistent values obtained 
on sound cylinders. Variation from the 
median value on a selected set of cylin- 
ders was 20 per cent, or less. 


1 division Engineer, Board of Water Supply, New York, 
N. Y. 
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THE USE OF THE DYNAMIC MODULUS OF ELASTICITY IN PREDICTING 
THE 28-DAY FLEXURAL STRENGTH OF CONCRETE^ 

By Ebjoini) F. Peeece^ 


Synopsis 

For a given set of conditions there is a relationship between the dynamic 
modulus of elasticity^ and the age of a concrete test specimen. In addition, 
the dynamic modulus and the coincident flexural strength are related also. 
Together, these relationships provide a means for predicting the 28-day flex- 
ural strength of a concrete test specimen when it is but a few days old. 


In the Corps of Engineers^ procedure 
for the design of rigid airfield pavements 
(1)/ the slab thickness is a function of the 
required load capacity, the modulus of 
soil reaction of the base course, and the 
fliexural strength of the concrete. At the 
time the concrete is poured, both the 
load requirements and the soil reaction 
are known, but an assumed value must 
be used for flexural strength. Where, 
for one reason or another, that assumed 
value provides but a small factor of 
safety, it is desirable to check the accu- 
racy of that assumption as early as 
possible. 

The estimating procedure herein de- 
scribed was developed in connection with 
a job for which the assumed flexural 
strength value was questionable at best. 
It was job-developed and is wholly 
empirical in nature. It is being pre- 
sented simply as a workable job-control 
measure. This is emphasized to explain 
why the data presented are rather limited 
and also why certain inferences to be 
drawn from the data presented have not 
been explored in greater detail 

Presented at the Forty-ninth Annual Meeting of the 
Society, June 24r-28, 1946. 

1 The use of this paper for publication has been ap- 
proved by the War Department. 

2 Chief, Branch of Civil Engineering, U. S. Engm^r 
Office Corps of Engineers, U. S. Army, Washington, D. C. 

« Hereinafter referred to as the “dynamic modulus” for 
convenience. ' , . . 

^The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1319. 


Test Specimens 

Normally three test beams are pre- 
pared to represent each day’s pour or 
each 1000 sq. yd, of pavement if the 
daily production exceeds this amount. 
The procedure described here was an- 
ticipated before pouring started and 
during the first few pouring days six 
beams were -prepared daily. Of these, 
three were reserved for 28-day breaks 
and the balance of each day’s beams 
were used for earlier breaks. 

The nominal dimensions of the test 
beams were 6 by 6 by 30 in, and 6 by 6 by 
36 in. The number of beams cast 
required the use of every available form 
and no other significance attaches to the 
difference in length. 

All beams remained on the job and in 
the forms until the second day. The 
purpose of this delay was to reduce the 
possibility of damage through too early 
handling. As soon as they were stripped, 
the beams were protected from drying in 
transit and removed to the laboratory 
where they were stored in the humid 
room until they were broken. The 
importance of careful handling and 
proper curing will be discussed later. 

Test Procedure 

Both the apparatus and the computa- 
tional procedure used in the determina- 
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tion of the dynamic modulus have been 
described comprehensively elsewhere 
(3, 4^ Sj 6, 7). For the tests reported 
here, an assembled apparatus similar 
to that described by Willis and De Reus 
(4) was used. This apparatus consisted 
essentially of a Beat-Frequency audio 
oscillator, a Fixed-Frequency audio oscil- 
lator, a IS-w, power amplifier, a Class A 
amplifier, a 3-in. oscillograph, and a 6-w. 
Jensen permanent magnet loud speaker, 

table I.--DyNAMIC MODULUS OF ELASTICITY 
VALUES. 

Axis d = Depth As Cast 
Axis h « Width As Cast 




1 Dynamic Modulus of Elasticity, 

Sample 

Age, 

days 


psi. 



Axis d 

Axis b 

Average 


11 

4 530 COO 

A 730 OCO 

4 630 000 

No. G5/2S8... . .] 

U 

4 530 000 

4 850 000 

4 690 000 

21 

5 020 000 

5 020 COO 

5 020 000 


28 

5 020 OOC 

5 080 000 

5 050 000 


9 

3 840 COO 

4 060 000 

3 950 000 

No. 05/281 

14 

4 370 000 

4 320 COO 

4 340 000 

21 

4 340 COO 

4 600 000 

4 470 000 


28 

4 470 COO 

4 730 000 

4 600 000 

f 

9 

3 940 000 

3 760 000 

3 850 000 

No. GS/282 

14 

4 400 COO 

3 990 000 

4 2C0 000 

21 

4 540 OCO 

4 180 000 

4 360 000 

[ 

28 

4 400 000 

4 380 000 

4 390 000 

( 

9 

3 790 OCO 

3 930 000 

3 860 000 

No. G5/284.....| 

14 

4 07C 000 

4 350 000 

4 210 000 

21 

4 260 000 

4 500 OCO 

4 380 000 

i 

28 

4 460 000 

4 700 COO 

4 580 000 

No. G5/2W.,...| 

7 

3 820 000 

3 760 000 

3 790 000 

14 

4 350 000 

4 660 000 

4 500 000 

1 

28 

4 840 000 

4 840 000 

4 840 000 


The specimen holder, however, was 
constructed throughout of oak in order 
to insure a low natural frequency well 
below that to be expected for the large 
beams. 

For each reported value of the dynamic 
modulus, the resonant frequency was 
determined for two axes normal to each 
other. For computational purposes the 
cross-sectional dimensions were deter- 
mined to the nearest 0.02 in., the length 
to 0.05 in., and the weight to 0.25 lb. 
The dynamic modulus with respect to 
each of the normal axes was determined 
individually using the appropriate dimen- 


sions. The recorded value was the 
average of the two individual values. 
Typical data are shown in TableT. 

Dynamic Modulus - Age Relationship 

The use of the dynamic modulus to 
indicate the decay of strength in the 
freezing-and- thawing test has been re- 
ported by a number of investigators 
(3, 4, 8, 9, 11, 14). A large number of 
3 by 4 by 16-in. beams tested in con- 
nection with an earlier project had shown 
that it was equally suitable to indicate 
the increase in strength during the curing 
period. 

T3q)ical data are shown in Fig. 1. 
The curves of group I represent the 
concrete used for the subject work; 
group II represents a concrete in which a 
better type of coarse aggregate was used 
but which is similar to that represented 
by group I in all other respects. Nor- 
mal inspection controls were exercised 
and the variations in water-cement ratio, 
cement content, and batch weights were 
neither greater nor less than that to be 
expected on any well-controlled work. 
The principal variable, therefore, was 
the quality of the coarse aggregate and 
the effect of this factor is emphasized by 
the relation of groups I and II. 

It may be noted in Fig. 1 that the 
curves are approximately parallel after 
14 days. The average slope is indicated 
by the slope of A-A^ and B-B[ which 
have been added to mark the upper and 
lower limits of group I respectively. 

In Fig, 2, data presented by Axon, 
Willis, and Reagel (10) have been plotted 
in the same manner as the data of Fig. 
1. These curves represent concrete of 
three different air contents for each of 
four different coarse aggregates, two of 
which were chert and the others lime- 
stone. The enveloping curves of Fig. 
1, and B-B', \mrt been added to 
permit direct comparison of the data. 

Data which have been presented by 


Dynamic Modulus, psi. Dynamic Modulus, psi. 




0 4 8 12 16 20 24 28 32 36 

Age, days 

Fig, 2. — Dynamic Modulus-Age RektionsMp.' (After Axons^ Willis^ and Reagel (10)4 ■ 
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Age, days 

Fig. 3. — Dynamic Modulus-Age Relationship. (After Stanton (13).) 



Age, days 

Fig. 4, — Effect of No Curing. (After Long and Kurtz (14).) 
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Stanton (13) are shown in Fig. 3. Each Munger (12), Kellerman (15), and 
of the plotted points indicated by small Walker (16) among others have dis- 
circles represents the average for three cussed the effect on concrete of varia- 
specimens and for the corresponding tions in the quality of the coarse aggre- 
period the curve is similar to those of gate. In all probability, different types 
Figs. 1 and 2. of aggregate will produce different fam- 

The data presently available appear ilies of curves similar to those of Figs, 
to furnish substantial reason to believe^l and 2, but variations in the quality of a 



Fig. 5. — Effect of Air Drying. (After Axon, Willis, and Reagel (10).) 


that the average development of the 
strength of concrete with age as indicated 
by the dynamic modulus is generally 
uniform for a given set of conditions. 
Sufficient data are not now available 
definitely to define the permissible tol- 
erance in each of the factors which go to 
make up a given set of conditions, but it 
is probable that the individual limits 
are restrictive. 


given type, other things being equal, 
will probably be reflected only in the 
spread between the minimum and max- 
imum values. Cement content, water- 
cement ratio, and batch proportions 
may have a greater or a lesser effect. 
But it seems likely, however, that the 
range of variation in these factors to be 
expected with ordinary control measures 
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does not influence the relationships 
significantly. 

There is one important factor, how- 
ever, to which special attention is called. 
Data presented by Long and Kurtz 
( 14 ) are shown in Fig. 4, and Fig. 5 has 
been prepared from data presented by 
Axon, Willis, and Reagel (lO). Both 
figures emphasize the importance of 
proper curing to the dynamic modulus - 
age relationship. It is readily apparent 
in these data that drying of the specimens 
must be avoided if a consistent relation- 
ship among the age, the dynamic modu- 
lus, and the flexural strength is the 
purpose of the tests. 


TABLE II.-DYNAMIC MODULUS OF ELASTICITY 
AND FLEXURAL STRENGTH FOR EARLY- 
BREAK SPECIMENS. 


Sample 

Break- 

ing 

Age, 

days 

Dynamic 
Modulus 
of Elastic- 
ity, psi. 

Flexural 

Strength, 

psi. 

No. G5/220 

17 

4 610 000 

460 

No. GS/233 

16 

3 940 000 

350 

No. G5/237 

15 

4 250 000 

360 

No. GS/253 

14 

4 690 000 

470 

No. G5/2S4 

14 

5 000 000 

510 

No. GS/280 

14 

4 830 000 

40C 

No. G5/283 

14 

4 400 000 

420 

No. G5/285 

21 

4 380 OCO 

400 

No. G5/293 

14 

4 350 000 

440 

No. G5/303 

16 

4 350 000 

420 

No. GS/332 

14 

4 540 000 

420 

No. GS/344 

14 

4 100 000 

320 


Dynamic Modulus - Flexural 
Strength Relationship 

Since both the flexural strength and 
the dynamic modulus reflect the same 
qualities of the specimen, it is to be 
expected that there is a relationship 
between them. Such a relationship was 
shown by Willis and De Reus ( 4 ) ex- 
pressed in terms of the loss of strength. 
Stanton ( 13 ) gives additional evidence, 
and Hunger (12) found a good correla- 
tion but concluded that it was not a 
straight-line function. 

It was mentioned earlier in discussing 
the test specimens that more beams were 
cast during the first few days of pouring 


than were needed for 28-day tests. 
Most of these extra beams were broken 
at about 14 days, in order to obtain pairs 
of dynamic modulus and flexural strength 
values of a considerably lower order of 
magnitude than was expected at 28 
days. The purpose of this was to 
obtain as wide a spread in the pairs of 
values as was practicable in order better 
to define the relationship. The early- 
break data are tabulated in Table II. 

The relationship is not directly ap- 
parent in the tabulation, although it can 
be determined readily by the method of 
least squares. Plotted, however, as in 
Fig. 6, the relationship can be seen as 
soon as sufficient points are available to 
define it and, in addition, it permits of 
visual determination of the average 
curve. 

Axon, WiUis, and Reagel (10) deter- 
mined the dynamic modulus - flexural 
strength relationship for concretes hav- 
ing limestone and chert aggregates. 
Their graphs together with the average 
curve of Fig. 6 are given in Fig. 7. It 
is to be noted that the relationships are 
not linear functions, as Hunger (12) 
also found. Nevertheless, for flexural 
strength values greater than about 450 
psi. the relationship by Axon, Willis, 
and Reagel (10) is essentially linear, and 
even between 300 and 450 psi. a linear 
relation could be assumed without too 
great an error for a limited range between 
the maximum and minimum values. 
Since a linear relationship can be as- 
sumed over a relatively short range of 
values in any case, it follows that a 
plotting such as Fig. 6 is practical even 
if not extended to 0, 0. 

The factors which affect the dynamic 
modulus - age relationship also affect 
the dynamic modulus - flexural strength 
relationship, although not in the same 
degree. Data are available (but in too 
fragmentary a form for presentation 
at this time) which agree with the rela- 
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tionship found by Axon, Willis, and 
Reagel (10), that is, that coarse aggre- 
gates of different structural characteris- 
tics will have a unique dynamic modulus 
- flexural strength relationship in the 
same manner that there are two distinct 
relationships in Fig. 7, one for the chert 
and the other for the limestone. If the 
data obtained in the tests under discus- 
sion had been as complete, it is probable 
that a third curve would have been 
defined comparable to but distinct from 
the others throughout its length. 

The steps taken to reduce the possi- 
bility of damage to the test beams 
through too early handling was pointed 
out earlier. A crack in a specimen 
may have a very important effect upon 
the flexural strength but, as pointed 
out by Kirmser (2), the effect on the 
natural frequency of the specimen and 
consequently its dynamic modulus may 
be negligible — particularly if the crack 
is very narrow or is filled with dirt or 
crystaUized material Obviously, any- 
thing which affected the two qualities 
unevenly would destroy the relationships 
being sought. 

Drying during the curing period would 
probably have the same effect as cracks, 
that is, the points in the dynamic modu- 
lus - flexural strength relationship would 
be so scattered that they would serve 
only to confuse. 

The Estimating Procedure: 

Once the slope of the dynamic modu- 
lus - age pattern and the dynamic modu- 
lus - flexural strength average line are 
determined for a particular set of condi- 
tions, the estimating procedure is very 
simple. An example will best illustrate 
the procedure: 

Assume that group A of Fig. 1 and the 
curve of Fig. 6 represent the particular 
concrete being tested. Assume further 
that the dynamic modulus of a specimen 
J4 days old has been determined to be 


4.50 X 10®. If from this point in Fig. 
1 a line is drawn parallel to the average 
slope A -A' or B-B' it will be found to 
intersect the 28-day ordinate at a prob- 
able value of 5.07 X 10®. Next, entering 
Fig. 6 with this probable value for the 
dynamic modulus, the corresponding 
estimated value of the flexural strength 
at 28 days is found to be 500 psi. 

Conclusion 

From this investigation the following 
conclusions are made: 

The resonant frequency test, which 
has been used principally to reflect the 
decay of strength of concrete, can be 
used to disclose the development of 
strength. 

For a given aggregate, batch propor- 
tions, type of cement, and water-cement 
ratio, the relationship between the 
development of the dynamic modulus of 
elasticity and the age in days appears 
to be consistent for practically all speci- 
mens. Of the various factors which may 
influence the relationship, variations in 
the character of the coarse aggregate 
appear to be the most important. 

For a given set of conditions, the re- 
lationship between the dynamic modulus 
of elasticity and the flexural strength is a 
linear function, with this relationship 
apparently being different for different 
coarse aggregates and probably for 
different cements, proportions, and 
slump also. 

Proper curing, including the avoid- 
ance of drying of the test beams, and 
care in their early handling to prevent 
cracks, is very essential in avoiding a 
distortion of both the dynamic modulus 
of elasticity - age and the dynamic modu- 
lus of elasticity - flexural strength 
relationship. 

Once the two relationships are very 
definitely established for a given set of 
local conditions by appropriate tests on 
6 by 6 by 30-in. beams, further tests for 
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estimating the 28-day flexural modulus 
may be made on small 3 by 4 by 16-in. 
specimens with all the advantages that 
the use of the smaller specimens implies. ^ 
The procedure which has been de- 
scribed was devised to serve as a job 
control and as such it served a definitely 
useful purpose. It is believed that that 
usefulness can be increased greatly by 
further application under a wider variety 
of conditions than is afforded by a single 
locality. 
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A STUDY OF DURABILITY AND VOID CHARACTERISTICS OF 
CONCRETES CONTAINING ADMIXTURES, PRINCIPALLY 
OF THE AIR-ENTRAINING TYPF/ 

By F. B. Hornibrook/ Howard Freiberger,^ and Albert Litvin® 


Synopsis 

Six different air-entraining admixtures were added in turn to small 
successive portions of two different cement clinkers which were then 
ground in a laboratory ball mill. Two additional admixtures were added 
to the ground plain cement at the concrete mixer. The cements were 
made into two series of concretes; one series a nominal vSJ bag per cu, yd. 
and the other a nominal 7 bag per cu. yd. concrete. The air content, 
slump, flow, and specific weight of the plastic concrete were measured. 
The resistance to cycles of freezing and thawing, the voids as determined 
by the air-expansion volumenometer, the saturation coefficients, the per- 
meability to air, and the flexural strengths were determined on specimens 
of matured concretes. The air contents of the concretes varied over a 
wide range as did the cement factors, the flexural strengths, the durability 
factors, and the saturation coefficients. The air permeabilities as meas- 
ured were of the same order for all the concretes. 


In 1938 an investigation was started 
at th€ National Bureau of Standards in 
which a number of admixtures, princi- 
pally of the air-entraining type, were 
interground with portland-cement clinker 
or were added to the finished 
cement. Properties of concretes made 
with these cements were then studied. 
The investigation was not completed or 
reported because of interruption by pre- 
war defense activities and then by the 
war itself. Although when the in- 
vestigation was started the beneficial 
effects of air-entrainment on workability 


* Presented at the Forty-ninth Annual Meeting of the 
Society^ June 24r28, 1946. 

i Master Builders Co., Cleveland {Ohio; formerly with 
the National Bureau of Standards, WashingtoBu D. C. 

^ XJ. S. Navy; formerly with the National Bureau of 
Standards, Washington, D. C. 

* National Bureau of Standards, Washington, D. C. 


and durability of concrete were becom- 
ing recognized, the currently accepted 
concepts (1, 2)^ concerning the optimum 
amount of entrained air, and the need 
for re-design of the mix to maintain the 
cement content per cu. yd. of concrete 
(cement factor) constant, were not gen- 
erally recognized. Accordingly, some 
of the test procedures lacked refinements 
that would be standard practice at the 
present time. Nevertheless, some of 
the data, such as that on air permeabil- 
ity, and on pore space determined 
by the air-expansion volumenometer, 
are of a type not heretofore available 
for concrete. The data on the amount 
of air entrained by the various admix- 
tures and the effects on strengths and 

•*The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1332. 
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durability factors also may be of special 
interest. Accordingly, such results as 
were completed are presented. 

Materials 

Cements: 

The tests covered in this report were 
made on cements prepared in the labora- 
tory from two commercial clinkers ob- 
tained from different sources. The 
chemical compositions after the addition 
of gypsum and grinding were as follows: 



Cement 

Cement 


No. 2 

No. 3 

SiOs, per cent 

. ... 21.6 

19.3 

AI2O3, per cent 

... 5.5 

6.3 

CaO, per cent. 

... 65.0 

64.2 

MgO, per cent 

... 1.3 

3.7 

FeaOg, per cent 

... 2.6 

2.4 

SOa, per cent 

... 1.6 

2.1 

NaaO, per cent 

... 0.05 

0.24 

KaO, per cent 

... 0.12 

0.66 

Free lime, per cent. 

... 0.6 

1.36 

Loss on ignition, per cent. . . . 

... 1.3 

1.1 

Insoluble matter, per cent. . . 

... 0.1 

0,1 

Admixtures: 




The following materials (in addition 
to gypsum) were interground with suc- 
cessive portions of clinker: 

Designation Material 

B Proprietary resin 

C Calcium stearate from fish-oil fatty acids 

D Ammonium stearate 

E Tallow 

F Sulfonated tallow 

J .Waste sulfite liquor 

The following two materials were added at the mixer: 

K Technical sodium laurel sulfate 

L Hydroxylated organic salt 

Excepting materials D and L, all of 
the above admixtures caused appreciable 
air-entrainment. 

Aggregates: 

A local sand (known as Massaponax 
sand, fineness modulus 2.7), and local 
Potomac River gravel, were used. The 
latter was combined to consist of 33 per 
cent of the No. 4 to f-in. fraction and 
67 per cent of the | to f-in. fraction. 
All aggregates were dried before using. 

Procedure and Test Methods 
Preparation of Cements: 

Separate batches of the two clinkers, 
one for each of six different admixtures, 


were ground in a laboratory ball mill to a 
surface area of approximately 1800 sq. 
cm. per g. as determined with a Wagner 
turbidimeter. Three batches of each 
clinker were also ground without admix- 
ture, one batch to be used as the refer- 
ence cement and two batches for use with 
admixtures added at the mixer. 

Concrete Mixes: 

Two series of concretes, designated as 
the X concretes and the Y concretes, 
differing in proportions of cement and 
aggregates, were made for each of the 
cement-admixture combinations. The 
X concretes were proportioned 1:2.4: 3.6 
parts by weight of cement, sand, and 
gravel. In the plain concrete (without 
admixture) these proportions yielded 
a nominal cement factor of approxi- 
mately 5| bags per cu. yd. 

The Y concretes were proportioned 
1:1.75:2.75 parts by weight of cement, 
sand, and gravel. This mix yielded 
a nominal cement factor for the con- 
crete, without admixture, of 7 sacks per 
cu. yd. 

No attempt was made to redesign the 
concretes containing the air-entraining 
admixtures to maintain the cement 
factors constant. An attempt was 
made, however, to adjust the mixing 
water to hold the slump between 3 and 
4 in. Because of the unexpected be- 
havior of some of the concretes, their 
slumps fell outside the above limits. 
Since the supply of cement containing 
each admixture was limited, no dupli- 
cate batches could be made. 

Mixing, Testing, and Placing of Plastic 

Concrete: 

The concrete was mixed for 5 min® 
in an open-bowl Lancaster mixer. The 
slump and flow, and the air content by 
the method described by Pigman (3), 
were determined. , This method .uses a 
vacuum to replace the air with water. 
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The specific weight was determined as a 
part of the air-content test. Upon 
completion of the slump and flow meas- 
urements the concrete was remixed and 
twelve brick-shaped specimens 2^ by 3f 
by 83 ^ in., and two bars, 3 by 3| by 12 in., 
were cast. The purpose of preparing 
specimens of brick shape was to utilize 
available equipment for the determina- 
tion of air permeability, and of pore 
space by the air-expansion method 

Curing and Testing Program: 

All specimens were removed from the 
molds after one day and stored in the 
fog room until 14 days old. Three 
brick- type specimens and one bar were 
then immersed in water for one day and 
then subjected to cycles of freezing and 
thawing. Two brick-type specimens 
were placed in the laboratory to air- 
dry before being tested in the air per- 
meameter and the volumenometer and 
for water absorption. Two brick-type 
specimens and one bar were kept in the 
fog room for 34 days (age 35 days) 
when they were broken in. flexure by 
center-point loading. The remainder of 
the specimens were left in the fog room 
for possible future use. 

DescripHonof Preezing-and~Thawing Tests: 

After the one-day soaking period (age 
IS days) the resonant frequency of each 
specimen was determined for calcula- 
tion of its dynamic modulus of elasticity 
(designated as dynamic F). The speci- 
mens were then inclosed in snug-fitting 
rubber containers, a measured amount 
(approximately 400 ml.) of water added 
to each, and the containers were then 
placed under water to remove the air, 
and sealed. 

The freezing-and- thawing cycle con- 
sisted of 2 hr. of immersion in a cir- 
culating alcohol-water mixture nmin- 
tained at — 20 F., followed by 2 -hr. 


immersion in a water tank at 70 F. 
Two cycles were completed per working 
day, with the specimens remaining in 
the thawing bath overnight and over 
week ends. At selected intervals, de- 
pending on the rate of deterioration of 
the specimen, the resonant frequencies 
were redetermined. The test was 
terminated for each specimen either 
when the dynamic E had decreased 
■more than 25 per' cent (designated as 
failure), or at 160 cycles if failure had 
not occurred. At the end of the freez- 
ing test, three of the four test specimens 
were broken in flexure by center-point 
loading. The remaining specimen was 
set aside to dry for subsequent tests of 
pore characteristics. 

'The resistance, to cycles of freezing 
and thawing was evaluated by two types 
of durability factors, a dynamic modulus 
durability factor, DFE; and a strength 
durability factor, Z)F5. The dynamic 
modulus durability 'factor DFE: was 
obtained by first plotting the change in 
dynamic modulus with cycles of freez- 
ing and thawing; the ratio times 100 of 
the area under the curve to the total 
area of the rectangle, formecl by .the 
ordinate representing 25 per cent drop 
in dynamic , E , and the abscissa repre- 
senting 150 cycles of freezing and thaw- 
ing was taken as the .durability factor. 
This is essentially the method of cal- 
culating the durability factor described 
by Stanton Walker (5) except that the 
limiting values of drop in dynamic modu- 
lus and in the number of cycles were 
changed in this case to 25 per cent and 
150 cycles, respectively. 

The strength durability factor D F S 
was calculated from the following for- 
mula: 

x 3 Si X 100 
Jfi 160 


where; 
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Ml = modulus of rupture of reference 
concrete at 35 days (the AX 
specimen for the X series and 
the AY specimens for the Y 
series), 

M% = modulus of rupture of the repre- 
sentive concretes after com- 
pletion of freezing-and-thawing 
test, and 

Nt = number of cycles of freezing and 
thawing. 

By referring the modulus of rupture 
values after freezing and thawing to the 
35-day value obtained for the reference 
concrete, rather than the 35-day value 
of the particular concrete under con- 
sideration, some degree of evaluation is 
made of the sacrifice in strength accom- 
panying air entrainment. 

Determination of Fore Space: 

Solid volumes were determined by 
means of an air-expansion volumeno- 
meter. The tests on specimens made with 
cement No. 2 utilized the volumeno- 
meter described by Stull and Johnson 
( 4 ) . The tests on specimens made 
with cement No. 3 were conducted in a 
constant-temperature room using an 
improved volumenometer described by 
Richmond and co-workers (6) . The 
determination consists essentially of 
placing the specimen in a system of 
known volume at atmospheric pressure. 
The system is then closed, expanded by 
a known volume and the resulting change 
in pressure measured. Since the prod- 
uct of pressure times volume remains 
constant, the solid volume of the speci- 
men can be calculated. 

It is highly essential in this type of 
measurement that the specimen be at 
moisture equilibrium with the ambient 
atmosphere. If the specimen has been 
oven dried immediately prior to the test, 
it will adsorb moisture during the test 
(unless arrangements are made to use 
desiccated air), and consequently the 


results will be affected. Similarly if the 
specimen contains excess moisture it will 
lose sufficient moisture during the test 
to affect the results. In this investiga- 
tion, the specimens were allowed to air 
dry 6 weeks or longer before test. 

Ordinarily about 10 min. were re- 
quired for the air within the specimen 
to reach apparent equilibrium with the 
expanded air in the test system. Some 
of the more dense specimens, however, 
required as long as 20 min. to f hr. 
It is desirable, therefore, that the test 
on concrete specimens be conducted in 
constant-temperature surroundings. 

The bulk volume was measured by 
determining the weight required to just 
hold the specimen submerged in mer- 
cury, the sum of the specimen weight 
plus the applied weight, divided by the 
density of the mercury giving the bulk 
volume of the specimen. The pore 
space was then found by subtracting the 
solid volume from the bulk volume. 

Measurement of Air Permeability: 

The apparatus used in determining the 
air permeability was also described by 
Stull and Johnson ( 4 ). It consists 
essentially of a device for applying a 
selected constant air pressure to one 
face of the specimen. The specimen 
was placed on a spacing gasket to keep 
the bottom face open to the applied air 
pressure and then the sides of the speci- 
men were surrounded with mercury up 
to the top face to prevent escape of air 
through the sides. The amount of air 
passing through the specimen was cal- 
culated from the pressure difference 
across the specimens and that across a 
calibrated capillary tube in series with 
the specimens. The tests were made on 
specimens air dried for 6 weeks or longer. 

The permeability, /, is expressed as the 
rate of flow through a 1-cm. cube with 
unit pressure difference across the cube. 
It is defined by the equation: 



TABLE I.— PROPERTIES OF PLASTIC AND HARDENED CONCRETES AS AFFECTED BY VARIOUS ADMIXTURES. 
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Bulk Volume— Solid Volume 

Proceedings^ Am. Concrete Inst., Vol. 40, June, 1944, p. 573. 
One specimen only. 
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wliere: 

q = number of cubic centimeters of air 
passing per second through the 
specimen, 

P == pressure difference across the speci- 
men in grams per square centi- 
meter, 

A == cross-sectional area in square cen- 
timeters over which the flow 
takes place, and 

T == thickness of the specimen in cen- 
timeters through which the flow 
takes place. 

The air flow was continued for 10 to 
20 min. until the rate had reached ap- 
parent equilibrium. Readings were then 
taken, the air pressure was changed, 
and when apparent equilibrium was 
again attamed, a new set of readings 
was taken. Three such observations 
were taken and averaged. 

Other Test: 

The resonant frequency determina- 
tions were made with the usual equip- 
ment for that purpose (7). The speci- 
mens were always permitted to remain 
overnight in the thawing bath before 
testing since there was a perceptible 
change in resonant frequency with time 
immediately following a freezing-and- 
thawing cycle. By permitting the speci- 
mens to remain in the thawing bath 
overnight the frequency became essen- 
tially stable. 

The determination of absorption was 
the last test made. This was conducted 
in accordance with the A.S.T.M. Stand- 
ard Methods of Sampling and Testing 
Brick (C 67-44)^ except that the speci- 
mens were air dried only. On the as- 
sumption that all the pores were filled 
by the absorbed water the porosity was 

1944 Book of A.S.T.M, Standards, Part II, p. 178. 


expressed as the ratio of the absorbed 
water to the bulk volume of the speci- 
men. 

Discussion of Resuits 

.Table I summarizes the data obtained 
in the investigation. The air contents 
of the concretes varied over a wide range 
as did the specific weights, the cement 
factors, and the 35-day flexural 
strengths. Variations in air-content 
showed a reasonable correlation with 
variations in flexural strength as in- 
dicated by Fig. 1, and this correlation 
was best for the rich mixes. The re- 
duction in strength averaged 3.3 and 4,1 
per cent, respectively, for each 1-per 
cent increase in air content for the two 
cements in the rich mixes, which is in 
fair agreement with the value of 2 to 3 
per cent cited by Gonnerman (1)* 

The data given in columns 9 and 72, 
Table I, which involves use of solid 
volumes determined by the air-expan- 
sion volumenometer, are considered to 
be lacking in significance for cement No. 
2, since the measurements were not 
made at a constant temperature. 

Figure 2 shows the relation for the 
cement No. 3 concretes between the 
measured air content of the plastic 
concrete and the percentage porosity of 
the hardened concrete as determined by 
the air-expansion method. The cor- 
relation indicated for a given type of 
concrete is somewhat surprising in view 
of the number of factors affecting the 
values plotted, such as errors in methods 
of measurement, the stability of the air- 
entraining foam, the large variation in 
mixing water used, and the fact that 
one set of measurements was on a plastic 
concrete and the other on hardened 
concrete. 

A comparison of columns P and 10 
of Table I (again attention is directed 
principally to cement No. 3 concretes) 
shows that a greater porosity was found 
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by the air-expansion volumenometer 
method than that calculated from the 
total absorption. In some cases the 
difference was very large. Apparently 
there is little relation between the pore 
space in the concrete and the absorption 
determined by the method employed. 

The saturation coefficient is usually 
defined as the ratio of the easily fillable 
pores to the total fillable pore space. 
In this case the amount of water ab- 
sorbed in 24-hr. immersion at room 


in the wide differences between satura- 
tion coefficients. 

Columns 14 and 15 give observed data 
from the freezing-and-thawing tests, and 
columns 17 and give the calculated 
durability factors. The dynamic modu- 
lus durability factors (DFE) and the 
strength durability factors (DFS) are 
in complete agreement as to which con- 
cretes have the poorest durability, and 
in very good agreement on the con- 
cretes having the highest durability. 



Fig. 3.— Relation Between Air Content of the Plastic Concrete and the Durability Factors of Con- 
cretes Made with Cement No. 3. 


temperature was taken as the measure 
of the easily fillable pore space. In 
calculating the saturation coefficients 
listed in column ii of Table I the total 
fillable pore space was taken as the 
total volume filled by water in the 
absorption test (5-hr. boil) and the co- 
efficients in column 12 are based on the 
total pore space as measured by the air- 
expansion volumenometer method. The 
differences in porosities as determined 
by the two methods discussed in the 
preceding paragraph are again reflected 


The spread in values between the best 
and the poorest, however, is much 
greater when expressed as DFE^ factors 
than it is when expressed as fac- 
tors. That is to say, some of the speci- 
mens that lasted the full 160 cycles with 
little decrease in dynamic E nevertheless 
had low strengths compared to the un- 
frozen reference concretes. 

In most cases the durability factors 
were higher for the rich concrete than 
for the corresponding lean concrete. 
The greatest single difference between 
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the two mixes appeared with the con- trend, though with greater scattering 
Crete containing admixture L. This of points. 

admixture, which is not an air-entraining In studying the data presented in 
agent but a mild water-reducing agent, Table I, numerous graphs were made in 
increased the density of the concrete, which the durability factor was the 
In the lean concrete the durability factor ordinate and one of the following proper- 
was not significantly affected by the ties was the abscissa: saturation coefii- 
use of this admixture, but in the rich cient, total pore space, the ratio of 
mix, the durability factor was markedly absolute volume of the cement to the 
increased. volume of the paste, and various other 



A BfBZCDEFOML 
Mm/x/are de^/g/7a//on 


\ Fig. 4. — Control Chart for Standard Deviations of Durability Factors. (For factors used in com- 

puting control chart limits see Table I, Supplement B of A.S.T.M. Manual on 
Presentation of Data, 1940.) 

A comparison between air contents of ratios involving the absolute volumes 

the plastic concrete and the durability of cement, water, paste and air content, 

factors for cement No. 3 (Fig. 3) show Some relationships were indicated, but 

that the average factor for concretes none sufficiently quantitative to permit 

with less than about 3 per cent air con- the calculation of one property from 

tent is appreciably lower than the aver- another. 

1 age factor for concretes containing The freezing-and-tha wing tests were 

I more than about 6 per cent of entrained made on four specimens from each batch 

air. With air contents above about 6 of concrete. The variations of the 

per cent the strength-durability factors durability factors within each set of 

gradually decrease, but the dynamic four specimens should reflect both the 

modulus factors show little or no de- precision of the test procedure and the 

crease. The corresponding data for conformity of the test specimens. In 

cement No. 2 show the same general making a statistical analysis of the data, 
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the standard, deviation was used as a 
measure of this variation and the “con- 
trol chart’ ^ method as presented in sup- 
plement B of the A.S.T.M. Manual on 
Presentation of Data was used to deter- 
mine whether the variations in the stand- 
ard deviation of the various sets was 
greater than should be attributed to 
chance. The average standard devia- 
tion of all sets a == 6.9, determined the 
central line of the chart and the control 
limits were calculated as 0 and 16.1. 
The resulting control chart is shown in 
Fig. 4. Since all the points fall within 
the control limits, it is indicated that a 
state of statistical control existed so far 
as the conformity of the specimens and 
the test procedure is concerned. 

Referring to Table I and the air- 
permeability data given in columns 
19 and 20, it is evident that no sig- 
nificant difference was indicated between . 
the air permeabilities of the plain and 
the air-entrained concretes. The rich 
concretes had slightly lower average 
permeabilities than the lean concretes. 
There was, however, a very large in- 
crease in air permeability after the 
specimens had been tested in freezing 
and thawing. This increase appears 
to be unrelated to durability factor. 

A value for the mean effective capil- 
lary radius can be calculated from the 
permeability and porosity data if it is 
assumed that the pore system is made 
up of N identical parallel, uniformly 
distributed cylindrical capillary passages 
with a radius f and length T and that 
this system has the same air permeabil- 
ity as the actual specimen. 

The equations as given by Stull and 
Johnson (4) are: 

r = 0.012 (//F)* 
iV=21.7(FV/) 

where: 

r == mean effective capillary radius 
in centimeters, 


N = number of capillaries of radius 
f, per square centimeter of 
surface, 

/ = air permeability, and 
V = 100 (TTfW) = percentage porosity. 

The values calculated for r for the 
specimens tested in this investigation 
ranged from approximately 0.1 pi, to 
0.3 p. As with the values for air per- 
meability, no trends were indicated with 
respect to air entrainment, but there 

TABLE II.~RELATION BETWEEN THE RATIO OF 
AIR TO WATER PERMEABILITY AND THE MEAN 
CAPILLARY RADIUS (OF CLAY BRICKS). 
(From R. T. Stull and P. V. Johnson (4).) 


Series 

Number 

of 

Bricks 

Ratio of 
Air Per- 
meability 
to Water 
Per- 
meability 

Ratio of 
Air Per- 
meability 
to Water 
Per- 
meability 

X S5.S 

Mean 

Capil- 

lary 

Radius, 

P- 

F 

6 

572 

10.3 

1.37 

G 

11 

481 

8.7 

1.64 

H 

10 ! 

410 

7.4 

2.97 

K 

10 1 

184 

3.3 

3.28 

J 

10 

169 

3.0 

4.13 


was slight evidence that the richer con- 
cretes had pores of smaller average radius 
than those in the lean concretes. 

According to Poiseuille’s equation, 
the permeability of a material to two 
fluids should be inversely proportional 
to the respective viscosities of the fluids. 
It has been shown, however, by Mills 
(8) and by Stull and Johnson (4) that 
with brick the permeabilities to water 
and to air are not inversely proportional 
to the viscosities of water and of air. 
Stull and Johnson give data, reproduced 
in part in Table II, indicating that as 
the calculated average pore diameter in- 
creases the respective permeabilities 
approach the theoretical ratio. 

An extrapolation of tlie data in Table 
II indicates that the ratio of air per- 
meability to water permeability should 
reach the theoretical value of unity 
(air permeability = water permeability 
X 55.5) at a capillary radius of about 5 
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/X. Since the average capillary radius for 
the concrete as determined in this in- 
vestigation was much less than any of 
the values given in Table II for brick 
(the f values were calculated by the same 
formula in both cases) it is indicated 
that for concrete the ratio of air per- 
meability to water permeability also 
will not be. inversely proportional to 
the .respective viscosities. 

Ruettgers, Vidal, and Wing (9) have 
demonstrated in tests of water per- 
meability that end effects (skin effects) 
may offer hydraulic resistance equiv- 
alent to 3 to 6 in. of normal concrete. 
Accordingly it is quite possible that, 
with the specimens tested (2^^ in. 
thick), the end effects masked effects of 
such factors as air entrainment and 
richness of mix that ordinarily might 
affect permeability. 

Summary 

Results are reported of tests on con- 
cretes of two proportions, each made 
with cements of two series. The ce- 
ments were made from two different 
clinkers by grinding successive portions 
of the clinkers without added admixture 
(plain cements) or by intergrinding in 
turn each of six admixtures principally 
of the air-entraining type. Also, two 
admixtures were added to the plain 
cements at the time of mixing in the 
concrete mixer. 

The air contents of the concretes 
varied over a wide range and, since no 
adjustments were made in the mix to 
compensate for the bulking of the en- 
trained air, there was a wide variation 
in cement factors. 

The pore space in dried concrete was 
determined by means of an air-expan- 
sion volumenometer. Water absorp- 
tions of the same specimens were de- 
termined by 24-hr. immersion at room 
temperature (24-hr. absorption) fol- 


lowed by immersion in boiling water 
for 5 hr. and cooling in the water (total 
absorption) . Restricting consideration 
to concretes made with cement No. 3, 
because much better laboratory control 
was exercised in volumenometer tests 
with this cement, the percentage poros- 
ity determined by the air-expansion 
method was higher in nearly all cases 
than porosity calculated from total 
absorptions. Similarly, the saturation 
coefficients calculated from the ratio 
of the 24-hr. absorption to the total 
absorption were higher, in most cases, 
than the coefficients calculated from 
the ratio of 24-hr. absorption to pore 
space determined by the air-expansion 
method. It was indicated accordingly, 
that the method employed of determin- 
ing absorption lacked considerable of 
filling all the pore space with water. 

Specimens were subjected to repeated 
cycles of freezing and thawing (fast 
cycle) and the resulting durability fac- 
tors were calculated. 

The durability factors of the concretes 
were, with one exception, materially 
lower for concretes containing less than 
about 3 per cent by volume total air, 
than for concretes containing about 6 
per cent or more. 

The air permeabilities for all except 
two of the concretes ranged from ap- 
proximately 1 X 10”® to approximately 
6 X 10”® cu. cm. per sec. per cu. cm. of 
concrete per gram per sq. cm. pressure 
difference. The two concretes consti- 
tuting the exception had much higher 
air permeabilities than the other con- 
cretes and also had the highest total 
absorptions of all the concretes. 

The air permeabilities of specimens 
which had been subjected to freezing 
tests were considerably higher than for 
those not subjected to freezing. This 
was true even for those specimens that 
had high durability factors. 
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No trends in air permeabilities were permeabilities than the lean concretes, 
apparent with respect to air entrain- The specimens tested were smallj how- 
ment. The concretes from the rich ever, and end effects may have masked 
mix had slightly lower average air some effects. 
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PERMEABILITY OF BRICK-MORTAR ASSEMBLAGES* 

By John W. McBxjrney,! M. Arnold Copeland/ and Russel C. Brinks 


Synopsis 

Water-permeability tests were made at 35 days and again after 1 and 2|- 
yr. exposure on brick-mortar assemblages constructed from ten types of brick 
and three types of mortars (A, B , and C). The 2|-yr. permeability test was 
made with water solutions of dyes of contrasting colors. This procedure 
demonstrated extent of bond between brick and mortar and permitted an 
estimation of the size and nature of through lAannels. The initial rate of 
absorption of the bricks had greatest effect on permeability. 


It is well recognized (1, 2, 3)^ that the 
initial rate of absorption of clay and 
shale building bricks is one of the im- 
portant factors affecting the water per- 
meability of brick-mortar combinations 
in masonry. The present paper may 
be considered as an extension of the 
work of Fishburn and his co-workers 
(1, 2) and of Palmer and Parsons (3) 
in that additional properties of bricks are 
determined and reported. The effect 
of exposure to weather on the permeabil- 
ity of the test panels was observed up to 
2| yr., and some information on the 
nature and extent of the contact between 
brick and mortar was obtained by the 
use of a modification of Anderegg’s dye 
test (4). 

Materials and Methods of Testing 
OF Materials 

Brick: 

Nineteen kinds of brick had been se- 
lected for use in an investigation of the 
factors affecting the strength of bond 

♦ Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28/1946. 

1 Technologist and Junior Engineers, respectively. 
National Bureau of Standards, Washington, D. C. 

2 The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1348. 


between brick and mortar. This selec- 
tion was from the standpoint of reason- 
ably representing the range of materials, 
methods of forming, and properties of 
brick produced in the United States. 
Ten of these 19 types were used in the 
present investigation. Determinations 
of initial rate of absorption, water ab- 
sorption by 24-hr. cold submersion, and 
by 5-hr. boiling, saturation coefficient 
{C/B ratio), and compressive and trans- 
verse strength were made on 20 speci- 
mens of each type, unless otherwise 
noted. The methods of test were those 
set forth in the Standard Methods of 
Sampling and Testing Brick (C 67 - 
44)A 

Porosity and air permeability were 
determined and the derived “average 
radii of capillaries” and “average num- 
ber of capillaries per sq. cm.” were cal- 
culated by the methods of Stull and 
Johnson (5) on one specimen of each 
sample. Each of these specimens was 
selected so that its water absorption by 
5-hr. boiling was the median for the 
sample.. 

The data on the properties of the brick 

* 1944 Book of A,S.T.M. Standards, Fart II, p. 178, 
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used in this investigation together with 
descriptions are given in Table I. 

Mortar Materials: 

Portland cement was purchased under- 
Federal Specification ' SS”C”191a. Ten 
sacks were mixed at a time and stored in 
air-tight steel drums during, use. A 
second shipment of cement was required 


TABLE I.-IDENTIFICATION AND PROPERTIES OF BRICKS. 


■ Brick , . 

No. 1 

No. 3 

No. 7 

No. 8 

No. 9 

No. 10 

No. 11 

No. 14 

No. IS 

No, 19 

Corresponding number in BMS60® . . . 

Tflhlp 1T1 EMSiSO®. 

225 

10 

224 

10 

64-2 

7 

66-1 

7 

70-2A 

9 

136 

4 

13-.6A 

12 

26-4' 

1 

94- lA 

4 

228-2 

25 


SC 

SC 

SM 

SC 

SM 

SM 

SM 

SM 

SM 

DP 


fc 

s. 

c 

c 

c 

c 

c 

c 

c 

c 


R 

R 

ss, I 

R 

ss, Sm 

ss, I 

ss, I 

ss, I, Sm 
58 

94 

41 

15.5 

S8, I 

Sm 

Penetrability average®, g. per min. . . 
Maximum penetrability, g. per min. . 
Minimum penetrability, g. per min... 
Water absorption by 24 hr. cold 
iumrn.f'rsm'n p*^r pput® ■ 

0.5 

2.0 

0.0 

0.8 

8 

23 

1 

: 2.4 

26/ 

36 

18 

11.3 

33 

63 

17 

9.4 

33 

51 

.25 

12.6 

41 

59 . . 
29 

13.8 

42 

64 

21 

20.2 

66 

81 

47 

17.4 

127 

175 

89 

15.9 

Water absorption by S-hr. boiling, 
per cent® . 

2.2 

j 

[ 4.4 

15.1 

13.4 

.17.3 

18.7 

23.S 

IS.S 

21.1 

18.6 

Saturation coefficient C/B^, ......... 

0.34 

1 0.55 

0.74 

0.70 

0.73 

,0.74 

0.86 

0.84 

0.83 

0.86 

Porosity (F) per cent ............. 

: 6.4 

i 12,4 

29.6 

33.1 


43.2 

38,4 

40.9 

29 

Air p*^rTriL'*'-abiBty dX i 

48 

i 1750 


2020 

‘ 805 

[ ' ] [ i 

102 

72 

180 

2200 

Capillary radius, micron^ ......... 1 

1.05 

1 4.50 


3.15 

1.90- 1 

. . . . 

0.60 1 

. O.SO 

0.80 

3.30 

No. of . capillaries per sq. cm. (NX i 
10""*)"... 

185 

. 19 

2670? 

94 . 
5360! 

300 i 

3240J* 

3930 

4420 

2000 

89 

Compressive strength, psi.®* . 

15 400 

1 13 400 

5370 

3640 

4500 

3730 

3180 

Modulus of rupture, psi.® 

2765 

J 1685 

550* 

820* 

860 

540 

565 

,.650 

465 

250 










® J. W. McBumey and J., C. Riclnnond, “Strength, Absorption and Resistance to Laboratory Freezing and Thawing 
of Building Bricks Produced in the United States,” BMS60(Noy. 1940), 

^ Methods of forming: SC— side cut; SM — soft mud; DP— dry press. 

® Materials: fc— fire -clay; s— shale; c— clay. ' _ . , 

‘^ Description of surfaces: s— sand struck; R— rough; I— intermediate; Sm — smooth. 

^ Average of 20 tests unless otherwise noted. 

' Average of 30 tests. 

^ A resample of this shipment gave 37 g, per minute for the average. 

*^ Test on one specimen selected for average absorption. 

^ Average from BMS60, unless otherwise noted. 

^ Average from Fishburn^s data. 


after oven drying. , A typical sieve an- 
alysis is as follows! 


Sieve Percentage Passing 

No. 4 100 

No. 8 99.8 

No. 16........... 98.4 

No. 30. ,84..6 

No. 50 27.0 

No. 100........... 6.1 


This gives a fineness modulus of 1.84. 


before completion of construction of the 
test specimens, but no significant or 
consistent differences in behavior of 
mortars or assemblages were noted. 
Lime putty was made from quicklime 
corresponding to the lime A previously 
described (6), and was aged at least two 
weeks before use. Lime A is a high- 
calcium quicklime and produces a 
putty with excellent plasticizing proper- 
ties. The putty was analyzed from 
time to time for content of hydrated 
lime and the quantities used were ad- 
justed to supply the required weights of 
hydrated lime in the mortars. 

Potomac River 'mason^s sand was used 


Mortars: 

Three mortar mixtures were used cor- 
responding to the. A, B,. and C mortars 
of the American Standard Building Code 
Requirements for Masonry,^ and are 
hereinafter referred, to by these letters. 
The weight proportions were 94:9.4:282 
(cement, equivalent hydrated lime, dry 
sand) for mortar A; 94:40: 470 for mortar 
B; and 94:80:705 for mortar C. As- 
suming 94, '40, and 94 as the. weight per 
cubic foot of Portland cement, hydrated 
lime, and dry sand, respectively, these 
three mixtures correspond to 1:0.25:3, 

. *Nat. Bureau Standards Miscellaneous Publication 
Ml74j U, S. Government Printing Office, March IS, 1944.. 
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•1:1:5, and 1:2: 7.5, proportions by 
■ volume.^ 

Ten-kilogram batches of dry ingredi- 
ents were mixed at a time and water was 


ing, and briquettes and 2dn. cubes: were 
cast in triplicate for tension and com- 
pression tests.. Water retentivity was 
again determined after completing^ con- 
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tivities of 1 : }:3 (Mortar A), 1:1:5 (Mortar B) , and 1:2:71 (Mortar C) Cement-Lime- 
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added to give an initial flow between 100 
and 110 per cent. Water retentivity 
was determined' immediately after mix- 


6 Since a cubic foot of damp, loose sand contains ap- 
proximately 80 lb. of dry sand, the volume proportions of 
mortars A, B, and C correspond to 1:0.25:3.5, 1:1:5.9, and 
1;2:8.3, respectively, on the basis of commercial practice 
using damp sand. • 


struction of a set of three panels. In- 
itial flow and water retentivity were 
determined by methods conforming to 
those used for testing masonry cements.® 


* Standard Specifications for Masonry Cements (C 
91 “ 40), 1942 Book of A.S T,M. Standards, Part 11, p. 7. 
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tABLE II.— RESULTS OF TESTS OF MORTAR. 


Nature of Test 

Mortat A 

Mortar B 

Mortar C 

Aver- 

age 

Maxi- 

mum 

Mini- 

mum 

Aver- 

age 

Maxi- 
mum 1 

Mini- 

mum 

Aver- 
age • j 

Maxi- 

mum 

Mini- 

mum 

Water retentivity, per cent ! 

64 

88 

46 

78 

96 

58 

85 

96 

72 

Compressive strength, psi 

3090 

4025 

2225 

820 

1100 

525 

230 

300 

ISO 

Tensile strength, psi 

330 

415 

240 

1 130 

i 

165 

85 

SO 

80 

25 


Except for the method of curing (one 
day in molds and 27 days in water), com- 
pressive strengths were also determined 
as for masonry cement.® Tensile 
strengths were determined at 28 days 
by the method used for portland ce- 
ment.^ 

The average, maximum, and mini- 
mum values of these tests are given in 
Table II. 

The distributions of individual values 
are presented in Fig. 1. These data are 
discussed in a later section. 

Construction of Panels 

Permeability test panels were con- 
structed with five whole-bricks and two 
half-bricks, as shown in Fig. 2. The 



ends of the bricks were heavily “but- 
tered’^ with mortar. The mortar bed 
joint was spread over the two-brick 
length and the bricks of the next course 

7 standard Methods of Sanmling and Testing Port- 
land Cement (C 77-40), 1942 Book of A.S.T,M. Stand- 
ards, Part II, p. 33, 


were placed with a shoving motion. 
Bricks with ^Trogs” were laid frog up. 
One end of the panel abutted on a 
vertical stop to give alignment of the 
ends of the bricks and to prevent dis- 
placement of bricks previously placed. 
The mortar joints were “struck” on one 
face of the panel and “tooled” on the 
other. Three panels were constructed 
from each batch of mortar (10 kg.). 
Unless otherwise indicated, all bricks 
were oven-dried before laying. Where 
wetted bricks were used, the procedure 
was to submerge the bricks in water at 
room temperature for 30 min. and then 
stand them on end on a concrete floor 
for 30 min. in the laboratory. Con- 
struction of the panels started imme- 
diately following this drying period. 

The panels were built in a room 
where the temperature was maintained 
at 70 db 2 F. with relative humidity of 
80 dh 2 per cent and were left undis- 
turbed for 24 hr. They were then 
stored for 27 days in a spray room (70 
zh 2 F., relative humidity 100 per cent) 
and were afterwards dried for 7 days in 
a room kept at approximately 100 F. 
before being tested for permeability. 

Testing of Panels 

The dried panel was laid on its side 
with the “tooled” face up. A rec- 
tangular impounding reservoir 6 by 12 
by ll in. deep was built on the face of 
the panel by bending a strip of sheet 
metal to the proper shape, soldering the 
ends of the strip together, and attaching 
to the panel with a plastic calking com- 
pound (see Fig. 2). This is the method 
used by Palmer and Parsons (3). The 
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panel was then supported over a drip tinued up to 48 hr. No corrections 
pan and a 1-in. head of water was main- were made for evaporation of water 
tained in the impounding reservoir dur- from the drip pan. The rate of evapora- 
ing test. The observations and meas- tion would obviously depend upon con- 
urements included: (1) noting location ditions, such as temperature, relative 
and time of appearance of first damp humidity, and wind velocity. One test, 



mrE •• • » a/ 35 abys, o = a/ ^ year anc/ ^ =* feaf a/ 2^ yeara. 

NumbersS refer fo dr/ck, /eb/er.s A, B ard C /derf/fy morfara. mack/ne m/xed morfar; 

y/a yveffed br/ck. 


Fig. 3.— Results of Permeabilty Tests in Terms of Ratings of “Excellent” CNo Dampness or 
Leakage), “Good”. (Dampness Only), and Flow as Milliliters per Hour. 

spot on the lower face of the panel; (2) made without record of conditions, dur- 
location and time for the second damp ing hot weather, indicated evaporation 
spot; (3) noting time for appearance of at the rate of 7 ml. per hour, 
first drop of water; and (4) measuring After completion of the test for per- 
quantity of water (if any) in drip pan meability (age of specimen 35 days, and 
after 4 min., 1 hr., and 2 hr. If a hereinafter called “initial permeability”), 
measurable quantity of water was not the panels were exposed on the roof of 
obtained within 2 hr., the test was con- one of the Bureau buildings for ap- 
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proximately 1 yr. then redried, and 
retested up to 24 hr. by the same pro- 
cedure. During exposure, the panels 
stood upright on the slag surface of the 
roof. The drainage was such that no 
pools of water were formed. 

A third permeability test was made 
after approximately 2| yr. of exposure. 
A water solution of a blue dye (diazine 
blue) was used for 2 hr., followed by a 
lO-min. permeation with a water solu- 
tion of a yellow dye (metanil yellow).^ 
After treatment with these dye solu- 
tions, the panels were dried and then 
taken apart. All mortar and brick in- 
terfaces were examined for presence, 
depth of penetration, and color of stain, 
and the results recorded diagrammati- 
cally. The interpretation of the results 
of permeation with dyes of contrasting 
colors is discussed in a later section. 

Presentation op Data on Tests of 
Panels 

The results of the 3S-day, 1-yr., and 
2|-yr. permeability tests in terms of 
rate of flow (milliliters per hour) are 
presented in Fig. 3. Tables have been 
prepared presenting these data as well 
as results for “time for first dampness^^ 
and “time for first drop,’’ but the tabu- 
lar presentation is omitted on account of 
limitations of space. 

Figure 3 uses the nomenclature of 
Fishburn’s classification (1, 2), but is 
based upon the following ratings. 

Excellent (E). — No dampness on lower 
face of specimen for duration of test (48 
hr. for first, 24 hr. for second, and 2 hr. 
10 min. for third test). It will be noted 
that the third test is indeterminate in 
comparison with the 48 and 24-hr. tests, 
unless dampness or leakage occurred 
within the interval of the test (2 hr. 
10 min.) . Some consideration was given 
to “adjusting” the observation on the 
third test to allow for behavior observed 

« The use of two dyes of contrastiog colors was sug- 
gested and developed by M. A. Copelaud. 


after 2 hr. in the longer tests, but this 
was not done. 

Good (G). — ^Dampness without leak- 
age for duration of test (48, 24, and 2 hr. 
10 min.-tests). The rating for the 
short-time test is likewise indeterminate, 
if leakage occurred after 2 hr. in the first 
and second tests. 

Fw' (F).— Leakage not exceeding 50 

ml. in 1 hr. 

Poor (P).— Leakage not less than 50 
or more than 250 ml. in 1 hr. 

Very poor (VP). — ^Leakage at a rate 
exceeding 250 ml. in 1 hr. 

Characteristic dye-test diagrams are 
shown in Figs. 4, 5, and 6. 

Discussion of Data 
Workmanship: 

The intention was to eliminate work- 
manship as a factor by using the best 
possible degree of joint filling and by 
following a uniform technique. Under 
these conditions, differences in results 
would be ascribed to differences in prop- 
erties of the materials. Two operators 
built panels and each operator’s con- 
struction included panels made with 
bricks of low as well as high rates of 
absorption. For each particular brick, 
all panels were made by the same opera- 
tor, except that duplicate sets of panels 
of brick 1 were made by two operators. 
The excellent agreement in the results of 
tests for brick 1, laid with mortars A 
and B by these two operators, will be 
noted. In agreement, also, is the er- 
ratic nature of the results from both op- 
erators using brick 1 laid with mortar C. 

Brick: 

The following discussion is intended 
to call attention to certain peculiarities 
of the brick samples used in these tests 
and to amplify some of the data pre- 
sented in Table I. 

Roughness of surface,— li it be assumed 
that the nature of the brick surface in 
contact .with the mortar affects ^the ' 






















1340 


McBurney, Copeland, and Brink 


permeability of the resulting brick- 
mortar interface, some amplification of 
the data given for “Description of Sur- 
face’’ in Table I appears justified. 
There are types as well as degrees of 
roughness. Among the types are: (1) 
the rough “hackly” surface produced 
by wire cutting (bricks 3, 1, and 8 in 
decreasing order of roughness); (2) a 
second type of roughness is provided by 
sand-struck, soft-mud brick. (The ap- 


considered as giving it a micro rough- 
ness. Large capillary*- radii also charac- 
terize bricks 3 and 8 according to the 
measurements. 

No end-cut brick or water-struck, 
soft-mud brick were included in this 
program. It can be stated, however, 
on the basis of the brick that were used, 
that diSerences in roughness did not 
appear to be related to degree of per- 
meability. The effect, if any, was 
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FiG. 6. — Diagram of Results of Dye-Permeability Tests on Panel Built with Brick No. 11 and 

Mortar C (Specimen 11 Cl). 


parent mechanical roughness depends 
upon the size of the sand grains and per- 
meability may be governed by the de- 
gree of adherence of the sand to the brick 
surface. The sand-struck surface is usu- 
ally the frogged flat. The other flat 
shows little sanding, but is usually me- 
chanically roughened by “striking off” 
the clay in the mold.) Listed in order of 
decreasing size of sand grain are 14, 15, 
7, 9, 10, and 11. (3) The dry-press 
sample (brick 19) has very smooth and 
regular flats. This brick’s rather large 
“average radius of capillaries” might be 


masked by the effect of differences in 
other properties. 

Relations Among Properties —It will 
be noted in Table I that the bricks are 
listed in order of increasing penetrabil- 
ity (initial rate of absorption). It will 
also be noted that, in general, the two 
immersion absorptions, the saturation 
coefficients, and the porosities tend to 
increase with increase in penetrability. 
Compressive and transverse strength, 
however, tend to decrease with increase 
in these other properties. It follows, 
therefore, that the relations of but one 
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of these properties to permeability need 
be considered in detail. The property 
selected for consideration is penetra- 
bility. (While it is true that compres- 
sive strength, for example, is inversely 
related to degree of permeability, it 
is incorrect to infer that the relation is 
causal.) 

Permeability to air is poorly related 
to the properties listed above. The 
‘^average radii of capillaries” and “num- 
ber of capillaries per square centimeter” 
(both values derived from porosity and 
air-permeability values) are inversely 
related to each other, but are poorly 
related to all of the other properties. 

Brick 3 is unusual in several respects. 
Its initial rate of absorption, although 
low (8 g. per minute) is higher than 
would be expected from its absorption 
by 5-hr. boiling (4.4 per cent). Its 
high air permeability, taken with its 
rather low porosity, gives the very high 
value of 4.50 microns for “average capil- 
lary radius.” Laminar cracking is ob- 
served on these bricks which provides a 
possible explanation of these values. 

Durability (7) gives the re- 
sults of 50 cycles of freezing and thaw- 
ing on samples of the bricks used in this 
investigation. Disintegration was ob- 
served on specimens in samples with 
saturation a)efiicients exceeding 0.80 
(bricks 11, 14, 15, and 19). The effect 
of durability of the bricks on permeabil- 
ity of the panels is discussed under 
Effect of Exposure on Permeability. 

Mortar: 

The frequency distributions of the 
strengths and water retentivities of the 
mortars used in this investigation (Fig. 
1) show greater ranges than are usually 
recorded. The following considerations 
may be pertinent. 

Two different 10-in. flow tables were 
used. The readings on these two tables 
were usually not in agreement and the 
differences were not constant. One of 


these tables was assumed to be constant 
and “correct.” The validity of this 
assumption was never convincingly 
proved. 

The ingredients of the mortars were 
carefully proportioned, but the mixing 
may be described as commercial since 
the mortars were mixed by hand and by 
machine and by different operators and 
the procedures prescribed in the A.S.- 
T. M. methods of test for masonry and 
Portland cement®’^ were not followed. 
(Unpublished data indicate that varia- 
tions in the technique of mixing sam- 
ples of mortars change the apparent 
flows very considerably.) Water re- 
tentivities were measured both before 
and after building a triplicate set of 
panels, and these differences in the 
ages of the mortar specimen at time of 
test may explain in part the scatter 
shown in Fig. 1. 

All three mortars were considered by 
the several operators to be easily work- 
able and, although new shipments of 
sand, cement, and lime were secured 
before completion of the work, no ob- 
servable differences were reported. The 
effect of mortars A, B, and C on initial 
permeability of the panels is discussed 
later.. 

Effect of Properties of Bricks on Initial 

Permeability of Panels: 

As stated previously, initial rate of 
absorption, the two water absorptions, 
and porosity are all well and directly 
related to each other, and the two 
strength measures are equally well but 
inversely related to the absorption. 
'Since {a) there is evidence that initial 
rate of absorption (penetrability) is the 
most important of these properties, and 
(5) these other properties wotil d be 
similarly related, attention will be con- 
fined for the most part to the effect of 
variation in penetrability. 

Initial Rate of Absorption,— Rtitx- 
ence has been made to an investigation 
of the effect of properties of bricks on 
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strength of bond between brick and 
mortar. One of the conclusions from 
that investigation was that bricks with 
penetrabilities less than 10 g. per minute 
gave very high bond strengths both in 
tension and 1 in shear when laid with 
mortar A, whereas bricks with penetra- 
bilities exceeding 20 g. per minute gave 
low bond strengths. This conclusion, 
based on averages of specimens, was con- 
firmed by the results of tests on a series 
of specimens built from bricks having 
selected penetrabilities within ± 1 g. 
and covering the range from 10 to 20 
g. per minute. The relations between 
penetrability of brick and permeability 
of panels are as follows: With one excep- 
tion (specimen 3A2 which may have 
contained a cracked brick), all panels 
built with bricks having penetrabilities 
of less than 10 g. per minute (Nos. 1 
and 3) and with mortar A gave zero 
water permeability (no dampness or 
leakage in 48 hr.) when tested at 35 
days. (The apparently critical range of 
10 to 20 g. per minute is not represented 
in these tests.) The next highest rate 
(33 g. per minute for brick 8) was asso- 
ciated with permeability results of from 
156 to 1070 ml. per hour on panels laid 
with mortar A. With this same mortar, 
permeability of the panel increased with 
increasing penetrability of the brick 
until, with brick 14 (58 g. per minute), 
all permeabilities at 35 days exceeded 
4000 ml. per hour. With brick 15 (66 
g. per minute), one of the panels failed 
before it could be tested (zero bond 
between brick and mortar). Brick 19 
(i27 g. per minute) gave somewhat 
better results (460 to 1300 ml. per hour). 
Brick 19 is discussed in the following 
section. 

The .conclusion that low initial rates 
of absorption of bricks at time of laying 
with mortar A result in low permeabili- 
ties to water of the panels is confirmed 
by the i pronounced improvement re- 


sulting from laying bricks 8, 9, 11, 14, 
and 15 wetted instead of dry. 

Panels laid with mortar B show the 
same general trend with regard to effect 
of initial rate of ' absorption of the bricks 
on permeability of the panels. The low- 
rate-absorption bricks are associated 
with ‘^good’’ (dampness only) permeabil- 
ity tests. ■ Leakage becomes evident 
when bricks having an initial absorption 
exceeding 25 g. per minute (No. 7) are 
used, but the rate of leakage is, in gen- 
eral, less than that observed on the cor- 
responding panels laid with mortar A. 
For the bricks having high initial rates 
of absorption, the leakage results are 
erratic, sometimes exceeding and some- 
times being less than the corresponding 
panels with mortar A. 

Mortar C is associated with still more 
erratic results. Leakage ratings from 
“fair’’ to “very poor” occur over the 
entire range of brick penetrabilities. 
All that can be said is that better leak- 
age ratings occur more frequently when 
bricks have a low initial rate of absorp- 
tion and conversely that “very poor” 
ratings are most frequently associated 
with bricks having a high initial rate of 
absorption. 

Other Properties of Bricks , — ^Under the 
conditions of test (1-in. head of water), 
it would be expected that water would 
“strike through” a 3f-in. thickness of 
aU except the most dense and imperme- 
able bricks during a 48-hr. period of test, 
and therefore that “good” (dampness 
only) would be the best rating obtained 
for any panel built' with bricks other 
than 1 and 3. The only exception was 
provided by a single panel laid with 
brick 11, wetted. Brick 19 was the 
only type through which water flow 
was ' definitely observed. There was 
some evidence for considering that water 
flowed through brick 15, though at a 
very low rate. An individual specimen 
of brick 3 which' exhibited laminar 
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cracking was recorded as responsible for 
theMiigli permeability of panel 3C3. 
The laminar structure of bricks 3 and 8 
is a probable explanation of their high 
.air permeabilities with consequent large 
^hiverage radii of- capillaries.^^ The high 
readings on brick 19 can, however, be 
rather certainly ascribed to pore struc- 
ture. , , 

That brick 11 had such very poor 
permeability ratings with all mortars 
may be due to its ^‘sand’’ being more of 
a dust than a sand. The effect of dusty 
bricks on bond is well known. The 
improvement resulting from wetting 
these bricks will be noted (see next 
section). 

Ejfect of WeiMng Bricks Before Laying. 
—The effectiveness of wetting absorbent 
bricks before laying in reducing the 
initial permeability of panels built with 
mortar A is very evident. It will be 
observed that, without exception, wet- 
ting bricks 8 to 19 and laying with mor- 
tar A gave better results than were 
obtained with the use of mortars A, B, 
and C on the same bricks laid dry. 
Brick 11 provides an outstanding ex- 
ample of such improvement. For bricks 
8, 9, 10, 11, 14, and 15 (average initial 
rate of absorption from 33 to 66 g. per 
minute), the permeability results on the 
panels built with wetted bricks were 
'either ^^ood’^ (dampness only) or very 
low rates in the range (leakage 

not exceeding 50 ml. per hour). 

The failure of bricks 8 to IS to obtain 
^^excellent^’ ratings (no dampness or 
leakage), except in the case of llAWl, 
resulted from the fact that water struck 
through the bricks themselves, with 
consequent appearance of dampness 
before finishing the test. The values 
15 to 19 ml. per hour for the initial tests 
on 19AW are very probably the water 
permeabilities of, the brick units. 

The initial permeability tests . on 
panels' built with, brick 3, wetted,- were 


better than the corresponding results 
using mortars B and C on dry bricks, 
but not so good as the results determined 
on the dry-brick - mortar A combina- 
tion. That dampness occurred on two 
out of three 3AW panels may possibly 
be explained by increase in the water 
,content of the mortar from free water on 
the bricks, with consequent' increase in 
the porosity and permeability of the 
mortar. 

Effect of Properties of Mortar on Initial 

Permeability of Panels: 

The effect of the several mortars has 
been discussed in some detaE in connec- 
tion with consideration of the effect of 
brick properties. Some further discus- 
sion together with a summary is pre- 
sented here. An increase of 21 per cent 
in average water retentivity (mortar C 
compared with mortar A) materialfy 
lowered the rate of flow of panels 8C, 
9C, 14C, and 15C compared with 8A, 
9A, 14A, and 15A, respectively. With 
the exception of panels 9C1 and 14C1, 
2, and 3 (initial ratings of “fair’O? rU of 
tlie C panels, however, had ratings of 
‘^poor’^ and ^Very poor’^ (50 to 250 
and over 250 ml. per hour). With one 
exception (8A1), all of the panels built 
from bricks 8, 9, 14, and 15 laid dry 
with mortar A, rated 'Very poor.” 
Brick 11 is of interest in that no signifi- 
cant change in the very high rate of 
flow through panels made from this 
brick, laid dry, was produced by differ- 
ences in mortars. The type of mortar 
had little effect also on panels built from 
brick 19. 

Use of mortar C with the two low- 
penetrability bricks (1 and 3) resulted 
in definitely poorer performance in com- 
parison with mortar A. The observed 
permeability of mortar C would almost 
ensure an observation of dampness for 
the conditions of test and dimensions of 
specimens used in this program. Mor- 
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tar B may be dismissed as being inter- 
mediate in results between mortars A 
and C. 

For the particular bricks and mortars 
used in this investigation, the conclu- 
sion appears justified that the proper- 
ties of the bricks (in particular, initial 
rate of absorption) have a greater effect 
on performance in permeability tests 
than properties of the mortars in the 
range used. The lime used in these 
mortars was one of the best plasticizing 
agents known at the time these tests 
were scheduled. Use of other limes, 
such as the recently developed pressure 
hydrates, might improve performance. 
On the other hand, use of lime C (6) 
might have the effect of emphasizing 
the importance of mortar by giving 
poorer results. Masonry cements might 
be selected to give a range in water re- 
tentivity without varying strength, dur- 
ability,- and permeability. 

Effect of Exposure on Permeability of 

Panels: 

Exposure had various effects on per- 
meability. Of 117 panels, 14 remained 
unchanged in their permeability. These 
included nine panels which rated “ex- 
cellent’^ (no dampness or leakage) and 
four which rated ^^good” (dampness 
only) throughout. Increase in age re- 
sulted in decreased permeability for 66 
panels. Irregular results were obtained 
for 26 panels in that the 1-yr. test gave 
higher (or lower) permeabilities than 
were obtained at 35 days and 2| yr. 
The ten panels that increased in per- 
meability included two (14C2 and 
19AW3) that failed by separation of 
brick and mortar before 1 yr. and three 
(11B2, 14B1, and 14B3) that failed 
before 2| yr. One panel (15A3) failed 
before 35 days. It will be noted by 
reference to BMS60 (7) that bricks 
11, 14, 15, and 19 had poor records in 
resisting 50 cycles of laboratory freez- 


ing and thawing. Improvement in per- 
meability obviously will not result from 
exposure if disintegration is occurring. 

In 'observing a long-time exposure test 
of brick-mortar assemblages, it was 
noted that the bricks in the top course 
of the wallettes had frequently become 
loosened after a winter exposure. 
These same bricks after several wettings 
and dryings during the late spring and 
summer regained their bond. This ^^au- 
togenous healing^’ (8) in combination 
with disintegration would seem a prob- 
able explanation of the behavior of the 26 
panels in which the 1-yr. test showed 
greater (or less) permeability than was 
observed at l3oth 35 days and 2^ yr. 
As with the exposure wallettes referred 
to above, this loss and recovery of bond 
appeared most frequently with mortars 
B and C, and was apparently a matter 
of seasonal variation. The same ex- 
planation may apply to large changes in 
permeability in one direction. 

Dye-Permeability Tests: 

Anderegg (4) used a dye solution ap- 
plied with a brush to the edges of mortar 
joints. Such a procedure would indi- 
cate presence or absence of contact be- 
tween brick and mortar at the edges of 
joints, but would not necessarily demon- 
strate the presence of through channels. 
A dye solution forced .through a panel 
under a head of 1 in. of water is assumed 
to fill all through channels. The use of 
contrasting dyes (blue and yellow) with 
different times of contact serves to dif- 
ferentiate between coarse and fine chan- 
nels. The larger channels appear yel- 
low-green, smaller channels appear green 
to blue-green, and the smallest channels 
or capillaries are not filled by the short 
exposure to yellow dye and remain blue. 

Limitations of space permit presenta- 
tion of but three of the more than 100 
diagrams of dye-permeability results 
obtained in this investigation. The 
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results on panels 3A1, 3C3, and llCl 
are presented, in Figs. 4, 5, and 6, as 
illustrations of typical cases. In these 
diagrams, the observer is looking down on 
the panel which is in the position it 
occupies during the permeability test. 
The brick-mortar interfaces are then 
separated along the lettered lines, as 
indicated. (This lettering does not in- 
dicate mortar types and the numbering 
of the individual bricks and half-bricks 
in the panel is unrelated to the brick- 
type identification numbers used in this 
paper.) The surfaces of these brick- 
mortar interfaces are then brought into 
view by rotating the individual bricks 
90 deg. around their horizontal or ver- 
tical axes. In these diagrams, the ab- 
sence of diagonal hatching indicates 
absence of stain. Closeness of hatch- 
ing is proportional to intensity of stain, 
and the colors are distinguished by 
direction of hatching. 

No dampness or leakage was observed 
for specimen 3A1, and these results 
agree with the dye-permeability diagram 
(Fig. 4). No penetration of dye was 
observed except for the ^^edge effects” 
on the face to which the dye was applied. 
These edge effects are the result of mor- 
tar being squeezed out of the joints 
when the bricks are pressed into place. 
(Such openings are especially noticeable 
on “struck” joints and have been mis- 
taken by inexperienced observers for 
shrinkage cracks.) The dye was applied 
to the “tooled” face of the panel and 
the results indicate that “tooling” is 
effective in concealing these openings 
but, unless very carefully done, the 
cavity is not completely closed. The 
dye permeability results illustrated in 
Fig. 4 are typical for all of the panels 
which gave no dampness or leakage in 
the water permeability tests. In gen- 
eral, the least depth of edge penetra- 
tion was noted on the panels constructed 
with mortar A. Mortar C gave rela- 


tively deep and irregular edge penetra- 
tion. 

The record on panel 3C3 was as fol- 
lows: time for first damp, immediate; 
time for first drop of water, 1 min. 15 
sec.; leakage at rate of 112 ml. per hour. 
It was noted *by the observer of the 35- 
day test that “much of the leakage was 
through a crack in center brick,” but 
Fig. 5 shows a through channel (dyed 
green) at the cut end of half-brick No. 5. 
Aside from the presence of the through 
channel, panel 3C3 differed from 3A1 
only in having deeper edge penetration 
and exhibiting dyed edges on both faces 
of the specimen. This second differ- 
ence results from spreading of the dye 
solution on the lower face of the panel 
after having leaked through interface 
5-J and through the crack in brick 4. 

The result on panel 3C3 is typical for 
specimens which leak through one or 
more through channels but whose mor- 
tar joints otherwise are impermeable. 
Depending upon the size and number of 
these through channels, the panels rate 
from “fair” to “very poor.” If the 
channels are small (blue staining only), 
the permeability tests usually show 
dampness only (good). The through 
channels are usually at the ends of the 
bricks (vertical joints as laid), and the 
cut ends of the number 3 and 5 half- 
bricks are the most probable locations 
of leaks. 

The results from the 2|-yr. test on 
panel 11 Cl were as follows: time for 
first dampness, immediate; time for first 
drop, immediate and flow at rate of 900 
ml. per hour. The very considerable 
staining of the horizontal (bed) joints, 
as well as the vertical (end) joints, indi- 
cated in Fig. 6 will be noted. Figure 6 
represents about the average appear- 
ance of dye-permeability tests on panels 
built from the soft-mud bricks Nos. 7, 
9, 11, 14, and 15, laid dry. With these 
bricks of relatively high initial rate of 
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absorption, no significant or characteris- 
tic differences in area or intensity of dye 
appeared to result from differences in 
the mortars. Increase in area and in- 
tensity was, however, related to increase 
in penetrability of the bricks. The ob- 
servations on panels built with bricks IS 
and 19 were uncertain, since consider- 
able injury to the surfaces of these low- 
strength bricks occurred during re- 
moval of the mortar. 

Dye-permeability tests on panels built 
from bricks 8, 9, 11, 14, IS, and 19, 
wetted and laid with mortar A, gave 
faint blue staining on the brick-mortar 
interfaces. This faint staining was, 
however, quite uniform and complete 
and may indicate transmission of dye 
through the bricks rather than along the 
brick-mortar interfaces. Except for 
mortar C, which was stained up to 1 
in. back from the end of the edge pene- 
tration, the mortar did not appear to be 
permeable according to these results. 
These wetted bricks were very difficult 
to separate from the mortar and the 
difficulty increased with decrease in 
strength of the bricks. Brick 19, laid 
wet, was extreme in this respect. The 
best results from the use of two con- 
trasting dyes for determining degree and 
nature of ^ffiond^^ between brick and 
mortar were, in general, obtained on 
specimens made from bricks and mortar 
which are not themselves highly per- 
meable to moisture. 

Relation to Work of Previous Imestiga- 

tors: 

Some of the bricks used in the present 
investigation correspond to certain 
brands and types used by Palmer and 
Parsons (3) and by Fishburn and his co- 
workers (1, 2). 

For the benefit of those interested, 
the tabulation of brick identities is given 
at the top of the next column. 

Mortars A, B, and C of the present 
investigation correspond very closely in 


Brick Identification 


Present paper 

Fishburn 

Palmer and 
Parsons (3) 

BMS7 

BMS82 

A.S.TM. 

(1934) 

1 ... 

a 


S 

3®; 


A 

2® 

7 .. 


B 


8 


B 


10 


F 


19 

c 

c ■■ 

Y 


® Palmer No. 2 was formed by the end-cut process, 
whereas the present sample No. 3 was side-cut. Both 
samples were from the same plant and otherwise corres- 
ponded. 

composition and properties to certain 
of the mortars used by Fishburn. 
Palmer's cement-lime-sand mortars (X- 
Td, XRa, and XVb) correspond ap- 
proximately in proportioning of mate- 
rials to mortars A, B, and C, and, except 
for XTd which had a considerably lower 
water retentivity than mortar A, the 
properties are in reasonable agreement. 

Fishburn used several different types 
of workmanship. Flis class A (BMS7 
and 82) and class C (BMS7) are taken 
as the equivalent of the workmanship 
used in the present investigation, since 
complete filling of joints is the common 
feature. From Palmer's description of 
the technique used in constructing his 
test specimens, complete filling of joints 
should have been obtained. 

All three investigators agree in find- 
ing that the best results were obtained 
with a brick of very low initial rate of 
absorption (No. 1 of this paper). They 
also agree in finding that improved re- 
sults were obtained by wetting bricks 
having medium to high rates of absorp- 
tion. Palmer's results with his mortar 
CII (1:3 lime-sand) and his comments 
on , the permeability of his various 
mortars agree with the data of Fishburn 
and the present investigation, which 
indicate poorer results , when high-lime 
mortars are used with, impervious bricks. 
All three ■ investigations, provide data 
which indicate that, although permeabil- 
ity results are poor when bricks with 
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high rates of absorption are used, irre- 
spective of the mortar, results are some- 
what improved by using mortars with 
increased water retentivity. 

As would be expected in comparing 
results on panels 3f in. in thickness with 
panels 8 and 12 in, thick, the rates of 
flow per unit of time were very much 
greater in the present investigation than 
were those reported by Fishburn. Con- 
sidering that Palmer’s results were de- 
termined on specimens 8 in. in thickness 
and were reported as ‘^average maxi- 
mum rates” of three specimens, his 
rates of flow were extremely high. With 
the exception of his brick 5 and two 
tests on his brick 1, laid wet, all of 
Palmer’s results rate '‘very poor” on 
Fishburn’s and this scale. 

The data of Fishburn and his co- 
workers (13) indicate, in general, that a 
definite and signicant decrease in per- 
meability resulted from the exposure of 
their specimens. The tendency of walls 
built from their brick C (No. 19 of the 
present paper) to undergo structural 
damage from exposure, accompanied 
in some instances by increase in per- 
meability, was noted. 

Summary and Conclusions 

Small panels, two bricks long by three 
bricks high, and one brick (3f in.) in 
thickness were built. Ten different 
kinds of brick were used. The average 
initial rates of absorption of these brick 
ranged from 0.5 to 127 g. per minute 
and the other properties such as ab- 
sorption, porosity, air permeability, and 
strength also covered a considerable 
range. Three types of mortars corre- 
sponding to the A, B, and C mortars of 
the American Standard Building Code 
Requirements for Masonry were used. 
Good workmanship (all joints filled) was 
used throughout. In addition to the 
building of panels from these ten kinds 
of brick with three kinds of mortars, 
panels were' built with the same kind of 


brick wetted before laying with mor- 
tar A. 

All panels were tested at 35 days using 
the method described by Palmer and 
again tested after approximately 1-yr. 
exposure to weather, and again after 2|- 
yr. exposure. Time for appearance of 
first dampness, first drop of water, and 
rate of flow in milliliters per hour was re- 
corded on each test. The 2|-yr, test 
was made with water solutions of blue 
and of yellow dyes used for periods 
of 2 hr. and 10 min. each respectively. 
Following this test, the panels were 
dissected and the extent, degree, and 
intensity of dye of the brick-mortar 
interfaces was observed and recorded. 

Among the principal observations and 
conclusions are the following: 

1, Under the conditions of test here 
used, only panels built from bricks with 
initial rates of absorption (penetrabili- 
ties) of less than 10 g. per minute and 
laid with mortar A, characteristically 
gave excellent results (no dampness or 
leakage up to 48 hr.) when tested. All 
panels built from bricks with higher 
initial rates of absorption (26 to 127 
g. per minute) characteristically gave 
dampness or leakage (0 to over 5 liters 
per hour), irrespective of the mortar 
used. In general, the rate of leakage 
tended to increase with increase in 
initial rate of absorption of the bricks. 

2. Other brick properties such as 
water absorption and porosity which in 
general increase with increase in pene- 
trability, and strength, which is in- 
versely related to penetrability, appear 
to be related to permeability of the 
panels, but the relation does not appear 
to be causal. Differences in air per- 
meability and the derived "average 
radii of capillaries” and "number of 
capillaries per square centimeter” do 
not appear to be related to permeability 
within the ranges encountered in this 
work. Differences in textures of the 
brick surface in contact with mortar did 
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not appear to have much effect on per- 
meability. 

3. Prewetting of bricks with medium 
to high initial rates of absorption greatly 
improved results of the permeability 
tests in comparison with the same bricks 
laid dry and with mortar A used through- 
out. The permeability on panels laid 
with wetted bricks characteristically 
rated either “good’’ (dampness only) 
or “fair” (rate of flow less than 50 
ml. per hour). 

4. For the bricks and mortars used in 
this investigation, differences in bricks 
had much more effect on permeability 
than differences in the mortars. 

5. Comparisons of permeability re- 
sults on panels retested after 1 and 2|- 
yr. exposure, with initial tests made at 
35 days, indicates, in general, that leak- 
age decreased. Exceptions were pro- 
vided by panels built from certain high- 
absorption and low-strength bricks which 
tended to disintegrate on exposure out- 


doors. The, bricks which performed 
poorly had saturation coeflB-cient ex- 
ceeding 0.80. 

6. By means of permeability tests 
using water solutions of dyes of con- 
trasting colors applied for long and short 
times, the nature, extent, and location 
of through channels in permeable ma- 
sonry specimens can be observed when 
the specimens are dissected. For the 
panels so examined, the most probable 
location of a single through channel is at 
the interface between the mortar and 
cut surface of a half-brick. 
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DISCUSSION 


Mr. H. F. Gonnerma# {presented in 
written /orm).— Mr. McBurney and his 
associates are to be commended for the 
good work they have done in studying 
the permeability of brick-mortar assem- 
blages. The problem of damp or leaky 
walls is of the utmost concern to the con- 
struction industry and any studies that 
aid in the solution of the problem will be 
fully appreciated. 

Although it was found in these studies 
that differences in bricks had more effect 
on permeability than differences in mor- 
tar, it seems appropriate to make some 
mention of the relatively good perfor- 
mance of mortar 'A. This mortar had 
the proportions corresponding to 1 : 0.25: 
3.9 by volume. Although this mortar 
had the lowest water retentivity of any 
of the three mortars used in these tests, 
it gave the highest strength and in com- 
parison with the other two mortars gen- 
erally gave good performance in the per- 
meability tests. Previous studies have 
shown that mortar of this type gave high 
bond strength in brick-mortar assem- 
blages. 

The Portland cement used in the prep^ 
aration of the mortars was a type 
I Portland cement. It seems probable 
that the use of an air-entraining cement 
would have produced an A mortar of 
higher water retentivity. Air entrain- 
ment tends to give ^ffatness’^ to mortars 
without increasing their permeability. 
At the same time the air entrainment is 
associated with only a moderate reduc- 
tion in mortar strength. 


If Mr. McBurney has plans for con- 
tinuing these studies of the permeability 
of brick-mortar assemblages I should like 
to suggest that he include air-entraining 
Portland cements in the preparation of 
the mortars. It is probable that the use 
of air-entraining cement would give even 
better results than those obtained with 
the type I cement used in the tests re- 
ported in the paper. 

Mr. F. 0. Anderegg^ {presented in 
written form ). — Seventeen years ago we 
built over 300 panels at Mellon Institute 
in the study of leakage through brick 
walls.^ Six of the panels were tight. 
One of these was built of bricks desig- 
nated by the authors as brick A laid in 
cement mortar with f-in. thick joints. 

In answer to Mr. Gonnerman’s ques- 
tion: 

The mortars in the other tight panels 
all contained ammonium stearate, an 
air-entraining agent, added to a typical 
1:1:6 mix. The brick was less vitreous 
than brick A, having 1-min, absorption 
through one flat side of 10 to 20 g. 

The panels were sprayed at intervals 
and the amount of leakage appeared to 
diminish with aging. The panels were 
exposed to the weather and rain water 
got in and apparently tended to promote 
some autogenous healing. Rain was 
drawn into all crevices by capillarity and 
carried in soot and dirt so that on de- 
molishing the panels the paths of the 
leakage were readily discerned. Most 
flaws were between bricks and mortar, 


2 Consulting Specialist on Building Materials, John B. 
Pierce Foundation, Raritan, N. J. _ 

3 F. O. Anderegg, “Watertight Brick Masonry,” 
Architectural Record^ Vol. 70, p, 208 (1931). 


1 Manager, Research Lab., Portland C^nient Assn., 
Chicago, 111. 
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the paths having been there since the 
first laying. At first such crevices were 
not very apparent from outside, but as 
time went on and dirt collected therein 
they were readily discernible. I agree 
with the authors that when certain 
people tali about ^^shrinkage cracking’^ 
they are basing their estimate on incor- 
rect observation. 

Of our panels 98 per cent leaked. 
These were all erected by competent 
brick masons, showing the difficulty of 
getting the twenty odd inches periphery 
of each brick completely bonded to the 
mortar. It took us 3 months in the 
laboratory with the aid of the dye test to 
develop a techjiique to insure complete 
contact therebetween.^ With very low- 
absorption bricks, a film of moisture 
tends to collect on the under side of the 
bricks, while where the absorption rate is 
high, the mortar congeals so fast that it 
usually fails to spread out over and make 
a continuous contact with the bricks. 

Mr. C. C. Connor^ {by letter ), — The 
most intriguing aspect of the results re- 
ported in this paper is the amazing re- 
sistance of 4rin. panels to penetration by 
a 1-in, head of water. It would seem 
that the ‘^excellent” and ^%ood’’ ratings, 
in general, reflect the penetrability of the 
brick and mortar materials themselves, 
laid up without any cracks whatever. 
If the results indicate the tendency of 
brick and mortar combinations to form 
complete bonds under field conditions 
they are valuable indeed, but if they only 
indicate what can be done in a labora- 
tory, then the ratings are meaningless to 
the building industry. My data from 
studies of existing buildings and a rather 
wide field experience in construction in- 
dicate that these results do not give any- 
thing like a true picture of what would 

^ F. 0. Anderep, “Some Priraerties of Mortars in 
Masonry/’ Proceedings. Am. Soc, Testing Mats., Vol. 40, 
p. 1130 (1940). 

6 Assistant Engineer, New Jersey Bell Telephone Co., 
.Newark, N. J. 


happen if these same combinations of 
brick and mortar were laid up in the field 
with full joints, concave tooling, push 
laid brick, and all of the other accepted 
requisites of excellent field workmanship. 

' The authors found that the differences 
in bricks had much more effect on the 
permeability of their panels than dif- 
ferences in the mortars. This may well 
have been true for their panels, but, if 
laboratory research is to serve as a guide 
for field practices, it is most unfortunate 
that the importance of mortars should 
have been minimized. The great 
majority of investigators on the subject 
of water penetration of brick walls agree 
that the properties of mortar are highly 
important. Evidence from the field cer- 
tainly indicates the important influence 
of differences in mortars as well as in 
bricks. 

The excellent results with bricks hav- 
ing very low rates of absorption reported 
in this paper are in definite disagreement 
with the indications of results obtained 
in the field. This is particularly true 
with bricks like No. 1 of the paper which 
had a maximum rate of absorption of 2 g. 
per minute, and averaged 0.5 g. It is 
likewise true for bricks like No. 3 which 
ranged from 1 to 23 g. per minute, and 
averaged 8 g., indicating that two or 
three of the six bricks in each panel were 
probably below 5 g, per minute. In 
field practice, such bricks would threaten 
the watertightness of a walk In one 
building under my observation, test 
samples of the bricks averaged 3 g, in 1 
min., and the mortar was a 1:1:5 mix 
with a high plasticity quicklime which 
produced excellent trowelability. Sep- 
aration cracks developed within 24 hr. to 
such an extent that double tooling was 
necessary to prevent cracking and to 
obtain watertight walls. Areas where 
double tooling is known to have been 
omitted are characterized today by a 
high percentage of cracking between the 
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brick and mortar. It can safely be as- 
sumed that this mortar had a water re- 
ten tivity in excess of 75 per cent, and the 
same mortar with bricks having good 
rates of absorption between 5 and 25 g. 
produced low cracking and many water- 
tight buildings without double tooling. 
In eleven buildings under my direct ob-' 
servation, where the bricks have very 
low rates of absorption — that is, below 
5 g. in 1 min.— all except the one that 
was double- tooled have developed con-' 
siderable separation cracking, and nine 
have leaked. Most of , these buildings 
were built with low water-retentivity 
mortars, but another one was built with 
a 1:1:6 mortar mix with the lime being 
a finishing lime soaked for a. 10-day 
period. Phis mortar should have had at 
least fair water reten tivity. The build- 
ing leaked, and the separation cracking 
was approximately 18 per .cent as ; re- 
ported in my paper on separation crack- 
ingj^ 

The discussion in this paper by Mc- 
Burncy, (.V)f)cland, and Brink indicates 
that the best results were obtained with 
a 1:3 plus 25 per cent of lime mortar mix 
and impervious bricks. : Good results 
were obtained with' the 1 : 1 : 5 mortar and 
impervious brick, but both of these mor- 
,tars gave poorer results, with bricks 
hav.ing higher rates of , absorption. , The 
1:2: 7,5 mix, p,roduced .results that were 
not so good as the other mortars with the 
impervious bricks, but were better than 
the 1:3 plus 25 per cent of lime mortar 
with the highly absorptive bricks. ■ The 
results of the highest lime content mor- 
tar, however, were erratic and, for .the 
most part, were very poor to fair.. In 
other words, it has been made quite plain 
that the effectiveness of the mortars de- 
creased, in general, with their lime con- 


® C. C. Connor, * ‘Resultant Separation Cracking Be- 
tween Various Mortars and Brick in Existing Brick Struc- 
tures/' PromedingSf Am. Soc. Testing Mats,, Vol, 34, 
Part II,, p. 454 (1934). , 


tents. This is a vastly different picture 
than that given by . results obtained in 
the field. It is obvious that the low- 
lime, high-cement mortar is the most 
im.pervious of the three, and this would 
be very important /when 4-in. brick 
panels are subjected to a l-in. head of 
water, if a . complete bond was obtained 
between the brick and mortar. The 
difficulty in the field has been to get con- 
sistently a reasonably complete bond' 
between high-cement mortars and the 
various kinds of brick. My observations 
on field construction indicate that the 
high-lime mortars .like the 1:3 plus 50 
per cent of lime and the 1:1:5, 1:1:6, 
and 1:2: 7.5 mortars, regardless of water 
retentivity, consistently produce the 
lower .percentage^ of cracking with bricks 
having rates , of , absorption that are 
neither very low nor high. They also 
produce, a' much higher percentage uf 
watertight buildings than the low-lime, 
high-cem..ent mortars.. In the. last seven- 
teen years my company has built .over 
50 buildings with various higli-lime mor- 
tars and bricks that had a low to moder- 
ate rate of absorption. All have re- 
mained watertight except three. This 
is much superior to any of the field re- 
sults obtained with high-cementmortars. 

The differences between the evidence 
given in this paper and the results in 
field practice are so great that the ques- 
tion arises as to how they could 
have occurred. It would appear that 
the reasons for the differences might 
well originate in the laboratory tech- 
nique. I have been unable to observe 
field results with a high-cement mortar 
truly comparable to mortar A because 
it is not in common use, but such results 
from mortars, similar except for lower 
water reten tivities, are much different 
from those reported in this paper. In 
addition, buildings of impervious bricks 
and 1:1:5 mortars, like mortar B of the 
paper, can and have been observed, and 
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the results reported in the paper for that 
combination of brick and mortar are so 
much superior to field results obtained 
with good workmanship, that the con- 
clusion is inescapable that the laboratory 
methods used in some way produced un- 
usual brickwork. 

It is known that heavy pressure 
exerted on the brick when it is being laid 
will produce durable and complete bonds 
with high-cement mortars even though 
their water retentivities are very low. 
McBurney and his co-workers laid their 
panels with one end against a stop to 
prevent the lower bricks from being 
moved out of alignment when the upper 
ones were shoved into place. This would 
indicate considerable pressure was used. 

It is also known that better results can 
be obtained when the mortar is not 
spread out over a number of bricks as is 
common in field practice. The panels 
reported on in this paper were only two 
stretcher bricks long and one brick in 
thickness, which made it impossible to 
spread the mortar over any great area. 
This in itself should produce results 
superior to those generally obtained in 
the field. 

It should also be noted that the very 
impervious bricks used in the various 
studies of water penetration through 
panels and wallettes at the Bureau of 
Standards were thoroughly dry when 
laid. The authors of this paper and 
Fishburn dried their impervious bricks 
before laying. This dryness gave the 
surface of the bricks their maximum ab- 
sorption, reduced or eliminated their 
tendency to ^‘float,’’ and produced a 
condition more favorable to complete 
bond than obtains in the field. 

The curing method used by Mc- 
Burney, Copeland, and Brink— 27 days 
in the spray room and 7 days drying at 
100 F. — was much different from expo- 
sure to weather, and was favorable to 
cement and most unfavorable to lime. 


This could have exerted an important 

influence. 

The laboratory has the right to use 
any measures it sees fit to achieve re- 
sults, but if those measures cannot be 
applied in the field they are valueless 
and the products are little more than 
laboratory curiosities. 

It may be significant that the results 
reported in this paper and the results 
reported by Fishburn and his co- 
workers^* ^ in preceding investigations 
are similar to each other but greatly 
superior to those obtained by Palmer and 
Parsons.® Palmer and Parsons worked 
with S-in, wallettes, but, except for the 
wallettes with impervious bricks, their 
results did not approach the good results 
the authors of this paper achieved with 
4-in. panels. The results of Palmer and 
Parsons were in turn superior to those 
ordinarily obtained with good workman- 
ship in the field, especially with the com- 
binations of high -cement mortar and 
impervious bricks. The differences be- 
tween the two laboratory studies and 
between the laboratory and field results 
are in all probability due to the labora- 
tory methods used. 

It is strange that McBurney and his 
co-workers did not test any of the types 
of brick where all of the individual bricks 
had suction rates between 5 and 20 g. in 
1 min. The indication that this was the 
best range for moistureproof walls was 
pointed out in 1934, and D. E. Parsons 
stated in 1939^° that a much similar rate 
— 0.2 to 0.7 oz. — ^had been indicated in 
tests to be the most desirable. In 4-in. 
panels such bricks would probably have 
shown dampness in the 24-hr. tests, but 

C. C. Fishburn, D. Watstein, and I). E. Parsons, 
“Water Permeability of Masonry Walls,” Nat. Bur. 
Standards Report BMS7. 

® C. C. Fishburn, “Water Permeability of Walls Built 
of Masonry Units,” Nat, Bur. Standards Report BMS82. 

» L. A. Palmer and D. A- Parsons, “Permeability Tests 
of S-in. Wallettes,” Proceedings, Am. Soc. Testing Mats., 
Vol, 34, Part II, p, 419 (1934). 

E. Parsons, “Watertightness and Transverse 
Strength of Masonry Walls,” Structural Clay Products 
Inst., October, 1939. 
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these bricks bleed slowly, if at all, and 
penetration through 12- in. walls would 
be very unlikely if the joints were water- 
tight. In field construction these bricks 
not only have the advantage of consist- 
ently producing less cracking but also 
tend to absorb and retain the water that 
may enter through minor cracks. The 
apparent superiority of impervious face 
bricks and impervious mortar suddenly 
vanishes when a crack occurs because the 
water pours through unchecked to the 
back-up material, where the joints are 
seldom tight. One of the common prob- 
lems of existing buildings — and one of 
the most difficult to solve — is the mois- 
tureproofing of walls of impervious face 
bricks laid up with high cement mortars 
which are leaking through a multitude of 
hair cracks. 

The construction industry needs to 
know the combinations of brick and 
mortar and the types of workmanship 
which will consistently produce water- 
tight walls, and the laboratory is the 
place to find the answers. But when the 
laboratory produces evidence that is 
contradictory in so many respects to 
extensive field experience and the data 
available from studies of existing build- 
ings, it would seem the part of wisdom 
not to incorporate these laboratory find- 
ing into construction practice unless they 
are confirmed by field performance. 

Mr. J. W. McBurney {authors clo- 
sure by letier), — Mr. Gonnerman^s sug- 
gestion that air-entraining cements be 
included in future work should certainly 
be followed. The most commonly used 
type of masonry cement is reported to be 
diluted Portland cement with added plas- 
ticizing and air-entraining agents such 
as vinsol resin. Masonry cements now 
largely replace cement-lime mixtures. 

Mr. Anderegg^s work at Mellon In- 
stitute is recognized as one of the pioneer 
investigations in this field. It is doubt- 
ful, however, whether any of us in 1931 


had much understanding of some of the 
elements of good workmanship that are 
now known to be the important ones 
from the standpoint of strength and im- 
permeability of brick-mortar joints. 
Unless a mason is told what is wanted 
and is shown suitable techniques, the 
employment of “competent brick 
masons’’ is no guarantee of good work- 
manship as we now understand it. A 
prevalent idea at that time was that mor- 
tars for use with vitrified and semi vitri- 
fied bricks should have a minimum of 
mixing water. The water-retentivity 
test for mortar had not been developed. 
Rate of absorption of brick was not 
widely recognized as an important factor. 

Mr. Connor’s objections to this paper 
appear to fall under the following heads: 

1. The authors have minimized the 
importance of mortar; 

2. “Excellent” results were obtained 
when mortar A was used with brick 
having penetrabilities of less than 10 g., 
which is contrary to Mr. Connor’s 
experience; 

3. “Excellent” and “good” results 
were obtained with other mortars on 
these same bricks which is also contrary 
to Mr. Connor’s experience; and 

4. Certain factors and variables were 
controlled which made the results better 
than they should be, in Mr. "Connor’s 
opinion. 

It is somewhat surprising that Mr. 
Connor should ask for further demon- 
stration of the effect of nonplastic, low- 
water-retentivity mortars on perme- 
ability. Have not Palmer and Parsons® 
covered that field? Their data, how- 
ever, show most clearly that mortar is 
a minor factor compared with differences 
in brick. Mr. Connor’s attention is 
called to their results on brick 5 with 
all ten of their mortars. Brick 5 is the 
brick 1 of the present paper. There is, 
incidentally, some evidence that the 
numerical values for permeabilities given 
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by these investigators should have been 
in “milliliters per hour’’ rather than 
“milliliters per minute’^ as reported. 
The alternative of assuming that their 
workmanship was very defective is not 
in accord with their results on brick 5. 
If “milliliters per minute” is right, the 
absurdity of Mr. Connor’s statement 
that “the results of Palmer and Parsons 
were in turn superior to those ordinarily 
obtained with good workmanship in the 
field — ■” is made evident by converting 
their results from milliliters per minute 
per I sq. ft. to gallons per hour per 1 sq. ft. 

Mr. Connor apparently believes that 
the quality of a mortar is unalterably 
fixed by its proportions of cement to 
lime. There are others who believe the 
same. For example, one of the brick 
masons hired to construct panels as part 
of Mr. Fishburn’s research had worked 
for several days using mortar A, (The 
general practice in this work was not to 
tell a mason what mortar he was using.) 
He was then supplied with a 1:2: 7.5 
mortar made with a mason’s hydrate 
of such quality that the resulting water 
retentivity was about 40 per cent. The 
mason thereupon complained that the 
lime had been left out of the mortar! 
The authors prefer to judge mortars on 
the basis of their properties. 

Mr. Connor reports that nine out of 
eleven buildings, built with brick of low 
rate of absorption, have leaked. On 
the grounds of the National Bureau of 
Standards there are seven major build- 
ings constructed from brick 3, Not one 
of these buildings has ever leaked 
through its masonry according to the 
testimony of the Bureau’s Superin- 
tendent of Maintenance. The clue to 


this difference may be found in the 
results of certain tests reported in 
BMS7 and 82. Using, for example, 
'brick 1 (there called “a”) and mortar A, 
panels 3 by 4 ft. were built by a com- 
mercial mason. Some of these panels 
gave no dampness or leakage with water 
under pressure for a period of several 
days. Other panels of the very same 
brick and mortar transmitted water in 
seconds under the same condition of 
test. The types of workmanship (A 
and B) that gave these different results 
are described in detail and illustrated. 
Also recommended is the booklet of the 
Louisville Cement Co., “Type of Work- 
manship Recommended to Secure Dry 
Brick Walls” which presents information 
on workmanship very simply and clearly 
and in more detail by pictures. Speak- 
ing frankly, Mr. Connor’s results are 
as puzzling to the authors as theirs are 
to him. Washington has its share of 
speculative builders but they usually 
avoid jobs where they will be subjected 
to rigid inspection. Maybe quality of 
inspection is the answer. Practically 
all masonry looks alike when it is laid 
up and pointed. Unless an inspector 
who can use his eyes and who knows 
his business is present continually during 
construction, good workmanship is an 
unproved assumption. 

This paper on permeability was a side 
issue of a much larger investigation on 
strength of bond of brick-mortar as- 
semblages, It is hoped to publish this 
work in the near future. Some of 
Mr. Connor’s criticism of laboratory 
procedures will be considered in that 
paper. 



A METHOD OF PARTICLE SIZE DETERMINATION OF SOILS, 
CEMENT, ETC., BY MEANS OF A CHAINOMATIC 
SPECIFIC GRAVITY BALANCE* 

By Eugene- V. Barrett^ 


Synopsis 

A method of particle size determination of soils, cements, and other fine- 
grained materials has been developed in the Materials Testing Laboratory 
of the Ministry of Public Works in Caracas, Venezuela. This- method employs 
a chaiiiomatic specific gravity 1)aiance with a 2-cu, cm. spherical glass plummet 
suspended by a corrosion-resistant steel wire 0.0008 in. in diameter. The 
method permits the accurate determination of -the specific gravity of a-suspen 
sion of fine particles, in a liquid medium at any predetermined depth. . The. use 
of this method eliminates the computations and corrections of the hydrometer 
method and permits the determination of -the percentage of soil particles finer 
than 0.0015 mm. to be made in 72 min.- instead of the 24 hr. required by the hy- 
drometer method. The determination of the specific surface of a sample .of 
Portland cement can be made in about 7i min., particle size being determined -to 
0.005 ram. Check tests of soil samples indicate, that this method is more ac-, 
curate and has much better reproducibility than the liydro.meter method. 
Check tests of cement, samples ' indicate the specific gravity balance 'method 
is as accurate as the turbidimeter .method. 


The development of the method de- 
scribed in this paper was due to the dis- 
satisfaction of the author with the hy-- 
drometer and turbidimeter methods of 
fine. particle and specific surface deter- 
mination, A study of Stokes^ law 
.indicated the advantages to be gained 
by developing a practical method of 
accurately determinir^ the density of 
a suspension of fine particles at any 
predetermined level below the surface 
of the suspension. 

The first experiments were made 
early m 1939 with a Westphal specific 
gravity balance employing a solid glass 
plummet with an over-all length of 8 
cm. and with a displacement of 10 mb 
This balance had a range of from 0.7000 


to 2.0000 and could weigh to the fourth 
decimal place. - The Westphal balance 
■proved to be impractical for. the rapid 
determination of the density of sus- 
pensions and the results obtained were 
not ■ consistent. Furthermore the 8-cm* 
over-all length of the plummet did not 
permit the determination of the density 
of a suspension near the surface. Ex- 
periments were then begun with , a 
chainomatic specific gravity balance 
employing a plummet with a displace- 
ment of 2 ml. These experiments were 
continued and a method has been de- 
veloped which is practical and which 
permits the accurate determination of 
the particle size distribution of any fine- 
grained material dispersed in a suitable 
medium. This method is extremely 
rapid and eliminates the corrections 


* Presented at tlje Forty-ninth Annual Meeting of the 
Society, June 24r28/ 1946. « 

X Chief,.. Materials Testing Laboratory, Ministry of 
Public Works of Venezuela, Caracas, Venezuela. 
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2.0000 the sliding weight on the beam 
is moved to the left into the proper 
notches by means of a weight carrier. 
The balance is mounted on a glass base 
which has a hole about 3.5 in. in diam- 
eter with its center directly under the 


and computations of the hydrometer and 
turbidimeter methods. 


Apparatus 

The chainomatic specific gravity bal- 
ance used with this method is a standard 


Fig. 1.-— First Specific Gravity Balance Apparatus Constructed. Motor belt connected, 


Fig. 2.— Front and Rear Views of Second Apparatus.. Motor gear connected. 

model made in the United States. The point of plummet suspension. The 
balance is made to operate with a glass plummet furnished with the balance is 
plummet that displaces 2 ml. and the not used in the procedure for particle 
chain with vernier gives readings ac- size determination, 
curate to 0.0001 g. up to 0.1000 g, when The balance is mounted on a hori- 
the sliding weight is at the extreme zontal steel plate (see Figs. 1 and 2) 
right of the beam. For readings up to with a hole directly under the hole in 
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the base of the balance and the position 
of the balance on the plate is exactly 
maintained by means of three shallow 
holes in which the legs of the balance 
rest. The horizontal steel plate is 
bolted to the top of a rectangular ver- 
tical column and the bottom of this 
column is bolted to the end of one of the 
legs of the base. The base of the ap- 
paratus consists of pieces of steel 
channel welded together as shown in 
Figs. 1 and 2 and a cylindrical steel 
column with diametrically opposite ver- 
tical slots is bolted to the base at the 
intersection of the channels. A steel 
screw is mounted inside the cylindrical 



Double Throw Switches. 

column and a brass nut, with two legs 
which project out of the slots in the 
column, can be raised or lowered by 
revolving the screw. The legs of this 
nut support a cylindrical sleeve which 
slides up and down the machined sur- 
face of the cylindrical column, and this 
sleeve in turn is the central portion of a 
circular tank. The tank is free to re- 
volve and is raised and lowered by means 
of a three-phase motor which is either 
belt or gear connected to the steel 
screw. The total vertical movement of 
the tank is 30 cm. and the time required 
to raise or lower the tank can be from 
5 to 15 sec. The tank can be made to 
stop at any desired elevatiGn by means of 


small switches suitably mounted. These 
small switches can be of such a type as 
shown in Fig. 3, mounted on the balance 
support column, or they can be a stand- 
ard make of micro-switch mounted in 
one of the vertical slots of the cylin- 
drical column. If micro-switches are 
used, the upper inside edge of the tank 
sleeve should be slightly beveled so that 
the beveled surface will push in the 


MOTOR 



micro-switch bottoms the required dis- 
tance to operate them, when the tank 
is raised. Since the tank sleeve can 
slide by the micro-switch bottoms, 
when they are in, the number of eleva- 
tions at which the tank can be made to 
stop is limited only by the dimensions 
of the micro-switches. The small 
switches which stop the tank at the 
desired elevations operate a three-phase 
magnetic switch which is in turn con- 
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nected to the motor. Each small switch 
is connected to one side of a double 
throw switch mounted on the column 
supporting the balance (see Fig. 3). 
The other side of each of these double 
throw switches is connected to a three- 
phase magnetic switch which is in turn 
connected to the motor in such a manner 
as to result in lowering the tank when 
this circuit is closed. The wiring dia- 
gram for the small switches is shown 
in Fig. 4. To raise the tank to the re- 
quired elevation it is only necessary to 
push the required switch to the opposite 
position. To lower the tank the same 
switch is returned to its original posi- 
tion. A lower limit switch, also shown 
in the wiring diagram, automatically 
stops the tank at the required lower 
elevation. 

The tank has |-in. threaded holes in 
the bottom, so located that the center 
of each hole is exactly under the center 
of plummet suspension when the tank 
is revolved into the proper position. 
Each of these holes has a |-in. threaded 
brass rod screwed into it so that about 
one inch of the rod projects below the 
bottom of the tank. A lock nut is 
screwed onto the projectmg lower end 
of each rod and a circular aluminum 
graduate support with a threaded hole 
in the center is screwed onto the upper 
end of each rod. These graduate sup- 
ports have a beveled raised rim around 
the edge which centers the base of the 
graduates automatically and the sup- 
ports cam be raised or lowered either by 
means of the rods or by screwing or un- 
screwing the graduate supports on to the 
rods (see Fig. 5). The threads on the 
rods are purposely made oversize so 
that the graduate supports will remain 
in the positions in which they are placed. 

The glass graduates are a standard 
make made in the United States and 
are graduated to 250 ml. The over-all 
height of the graduates is about 33 cm. 


and the inside height to the 250-mL 
mark is about 26 cm. Graduates are 
selected which closely conform to these 
dimensions since a minimum of vertical 
adjustment is then required. Each 
graduate' is numbered, the number is 
painted on the outside of the tank and 
the graduate holders are adjusted so 
as to have all of the 250-mL marks on the 
graduates at the, same elevation when 
they are revolved under the balance. 



Each graduate is supported near its top 
by an adjustable snap clamp of the type 
that is used with Soxhlet extraction ap- 
paratus and these clamps are adjusted so 
that all of the graduates 'a,re, vertical. 
The outer edge of the tank has a notch 
alongside of each graduate, and when the 
tank is revolved so that this notch en- 
gages a vertical guide, attached to the 
column' supporting, the balance, the 
center of the graduate is vertically 
under the suspended plummet and 
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remains in this position as the tank is 
raised. The guide is pin connected at 
its upper end and the lower end is 
moved by a foot pedal so that a slot 
can be disengaged when the tank is in 
the down position but cannot be disen- 
gaged when the tank is up. An electric 
switch attached to the lower end of the 
guide only permits raising the tank 
when the guide is in the slot. 

The balance plummet is a spherical 
glass ball approximately 1.56 cm. in 
diameter with the two ends of a piece 
of small-diameter platinum wire in- 
serted into it so as to form a small flat 



Fig. 6.— "Details of Hook for Plummet 
Suspension. 


projecting loop. The ball. is made so 
that its original volume, including the 
platinum loop, is slightly in excess of 2cu. 
cm. at 25 C. and is then ground, in such 
a manner that it remains spherical, until 
its volume is almost 2 cu. cm. at 25 C. 
It is then highly polished with rouge and 
polishing is continued until the chaino- 
matic specific gravity balance has a 
reading of 0.9970 when the plummet is 
suspended in distilled water at 25 C. 
The plummet is suspended by a corro- 
sion-resistant steel wire 0.0008 in. in 
diameter which is tied to the platinum 
loop of the plummet. This corrosion- 
resistant steel wire is the kind used in 


resistance strain gages and 22 cm. of 
this wire has a volume so small that the 
balance cannot appreciate it. The up- 
per end of the wire is tied to a hook 
(see Fig. 6) and this hook is so made 
that it can be shortened by screwing 
the lower threaded portion into the up- 
per part. The upper end of the hook is 
suspended from the chainomatic balance. 
The corrosion-resistant steel wirfe sus- 
pending the plummet is of such a 
length that the center of the glass plum- 
met will be approximately 22 cm. below 
the 250-ml. mark on a graduate when the 
tank is in its. highest position. The 
hook permits adjusting the height of the 
plummet so that its center will be ex- 
actly the required 22 cm. below the 250- 
ml. mark on the graduates. 

Test Procedure tor Soil Testing 
Preparation of Sample: 

The soil sample as received is oven 
dried at 110 C. and sieved through a 
No. 4 sieve. Any soil lumps remaining 
on the sieve are broken up and the minus 
No. 4 sieve material is passed through a 
sample splitting apparatus so as to 
obtain a representative sample of from 
30 to 300 g., depending on the fineness 
of the soil. This sample is weighed and 
placed on a No. 200 sieve which is sup- 
ported on a frame over a basin. The 
sample is washed with a pressure stream 
of water from a small hose and all of 
the wash water is retained in the basin. 
Washing is continued until the material 
retained on the sieve is clean. The 
basin is set aside and about 2 ml. of 
concentrated HCl is added to its con- 
tents. The HCl causes the soil to 
flocculate and it usually settles within a 
half hour. When the water above the 
soil is clear, the clear water is siphoned 
off and the basin is placed in a mechan- 
ical convection oven to dry at 110 C. 
Wlien the soil is dry it is removed from 
the basin, broken up on a bread board 



1360 


Barbett on Particle Size Determination 


with a rolling pin, and from 10 to 20 
g, of the warm soil is placed in a desic- 
cator to cool. The material retained 
on the No. 200 sieve is dried and its 
grading determined. Wlien the minus 
No. 200 sieve material is cooled, 7 g. 
of it are weighed out for the particle 
size determination and 1 g. is weighed 
out to be used in the determination of 
the specific gravity of the soil. 

Determination of Specific Cra/oity: 

Small flasks are used in the determina- 
tion of the specific gravity of the soils 
(see Fig. 7). These flasks were specially 
made and have an internal volume of 



Fig. 7. — Small Flask for Determination of 
Specific Gravity of Soils and Hook for 
Suspending It from Balance. 

about 14 ml. The approximate dimen- 
sions of these flasks are: over-all height 
7 cm., height of bulb 4 cm., maximum 
external diameter of bulb 3 cm. and in- 
ternal diameter of neck 0.6 cm. Each 
flask is made with a thick rim around the 
top of the neck, and glass is removed 
from these rims by grinding until all 
of the flasks have the same weight when 
suspended in distilled water at 25 C. 
The rims of the flasks are then heated 
until the surface that was ground fuses 
and becomes smooth. The flasks have 
two diametrically opposite holes in the 
neck immediately below the rim, and 
flasks can^ be readily suspended from a 
balance by inserting the hook;^ made of 


spring brass wire, shown in Fig. 7, 
The 1-g. samples for specific gravity 
determination are placed in the flasks, 
distilled water is added until the -bulbs 
are about two- thirds full and the flasks 
are placed in a water bath with the necks 
above the surface of the water. The 
water bath is boiled for at least two 
hours, so as to eliminate any air that 
might have been trapped in the soil 
samples and the flasks and their con- 
tents are cooled to 25 C. The weight of 
each flask is then determined, while it is 


TABLE T.-WEIGHT OF ONE GRAM OF SOIL IN 
WATER AND CORRESPONDING SPECIFIC 
GRAVITIES. 


Weight 
of 1 g 
of Soil 
in 

Water 

Specific 
Gravity 
of Soil 

Weight 
of 1 JJ. 
of Soil 
in 

Water 

Specific 
Gravity 
of Soil 

Weight 
of 1 g. 
of Soil 
in 

Water 

Specific 
Gravity 
of Soil 

0. S 868 

2.42 

0.6169 ! 

2.61 

0.6429 

2.80 

0. S 88 S 

2.43 

0.6183 

2,62 

0.6441 

2.81 

0.5902 

2.44 

0.6198 

2.63 

0.6454 

2.82 

0.5919 

2.45 

0.6212 

2.64 

0.6466 

2,83 

0.5935 

2.46 

0.6226 

2.65 

0.6479 

2.84 

0.5951 

2.47 

0.6241 

2.66 

0.6491 

2.85 

0.5968 

2.48 

0.6255 

2.67 

0.6503 

2.86 

0.5981 

2.49 

0.6269 

. 2.68 

0.6516 

2.87 

0.6000 

2.50 

0.6283 

2.69 ! 

0.6528 

2.88 

0.6016 

2.51 

0.6296 

2.70 

0.6540 

2.89 

0.6032 

2.52 

0.6310 

2.71 

0.6552 

2.90 

0.6047 

2.53 

0.6324 

2.72 

0.6564 

1 2.91 

0.6063 

2.54 

0.6337 

2.73 

0.6575 

2.02 

0.6078 

2.55 

0.6350 

2.74 

0.6.587 

: 2.93 

0,6094 

2.56 

0.6364 

2.75 

0.6599 

2.94 

0.6109 

2.57 

0.6377 

2.76 

0.6610 

2.95 

0.6124 

2.58 

0.6390 

2.77 

0.6622 

2.96 

0.6139 

2.59 

0.6403 

2.78 

0.6633 

2,97 

0.6154 

2.60 

0.6416 

2.79 

0.6644 

2.98 


suspended in distilled water at 25 C. 
This weight is determined by means of a 
laboratory balance with, the flask sus- 
pended in a beaker of water and with a 
tare weight, equal to the weight of the 
flask in water, on the right hand pan of 
the balance. The weight of one gram 
of the soil in water is therefore deter- 
mined directly and the corresponding 
specific gravity of the soil is determined 
from Table I without any computation. 

Determination of the Specific Gravity of the 

Suspension: 

The samples for particle size deter- 
mination are soaked overni|ht in.' dis- 
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tilled water and dispersed with a stand- 
ard dispersion apparatus (see A.S.T.M. 
Method of Mechanical Analysis of 
Soils (0 422- 39)3 Just prior , to dis- 
persioi, 5 mh of sodium silicate solution 
(density 1.020 at 25 C.), is added to 
each sample and the dispersed soil is, 
washed, into , a 250-mL , graduate with 
sufficient distilled water to make 250 
ml. of suspension. The ^ water that is 
added, is ffif such a, temperature as to 
bring the suspension to 25 C. The 
water in the tank of the particle size 
apparatus is brought to 25 C. and the 
graduates are placed in position in the 
tank. Two minutes before the testmg 



Fig. 8.— Brush Used for Dispersion of Soil 
Samples with 250-iiil. Graduate Alongside. 

of a sample is to begin, the sample is 
taken out of the tank and dispersed for 
1 min. with a motor-driven brush simu- 
lar to .but larger than the brush used 
with the Wagner turbidimeter apparatus 
(see Fig. 8). The sample is then dis- 
persed by hand for the remaining minute 
and the graduate is placed in position 
in the tank. The graduate containing 
the sample is revolved into position 
under, the balance and the tank is 
raised so that it will reach the required 
elevation not more than 7 sec. before a 
reading is to be taken. As soon as the 

1944 Book of A.S.TM. Standards, Part II, p. 616. 


reading is taken the tank is lowered, a 
glass Petri culture dish is held under the 
plummet and the plummet is washed 
with a stream of distilled water from a 
rubber bulb with a glass tube. We 
prefer to determine the specific gravity 
of a suspension at the times and with the 
values of L given below: 


r = 2 min. 

X = 22 cm. 

F = .9 min. 

X = 22 cm. 

T = 18 min. 

X = 1 cm. 

T = ,64 min. , 

X = 22 cm. 

T. = 72 min. 

X = 1 cm. 


Assumfiions and Development of For-- 
mulas: 

The fundamental assumptions rela- 
tive to all sedimentation methods of 
particle size distribution, determination 
and the development of the several 
formulas used in this paper have been 
covered by a ■ number of authors.^ 

Computations for Soil Testing: 

' . Stokes’ daw gives the rate of fall of a 
small sphere in a liquid medium. If 
we solve Stokes’ law for the diameter of 
the sphere we have: 

ZOnL V 

98o(G ~,' Gi)r ■ ‘ \ 

where: 

d = the diameter of the sphere in 
millimeters, 

n . = the coefficient of viscosity of the 
medium in dyne-seconds per 
square centimeter, 

L = the distance in centimeters through 
which the sphere has settled in 
time T, 

G = the specific gravity of the sphere, 
Gi = the specific gravity , of the liquid 
medium, and 

T = the time in minutes for the sphere 
to settle a distance equal to L 
centimeters. 

«R. C. Thoreeti, “Comments on the Hydrometer 
Method of Mechanical Analysis/^ Public Roads, Vol. 14, 
No. 6, August, 1933; and “Symposium on New Methods for 
Particle Size Determination in the Subsieve Range/* Am. 
Soc, Testing, Mats., March 4, 1941. 
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Since the values of L, G, and Gi 
are known, it is possible to solve Stokes’ 
law for d for the several values assigned 
to r. This has been done and the par- 


TABLE II.—PARTICLE SIZE IN MILLIMETERS. AT 
25 C. 


Specific 

2 

r « 9 

T«18 

T«64 

II 

Gravitv 

, •mm. 

min. 

min. 

min. 

mm. 

■of 

L = 22 

11 

L « 1 

A *22 

^ Z*1 

Soil 

cm. 

cm. 

j cm. 

cm. 

cm. 

2,40 

0.0463 

0.0218 

0.00329 

0,00819 

0.00165 

2.42 

0.0460 

0.0216 

: 0.00326 

0.00813 

0.00163 

2.44 

i 0.0456 

0.0215 

0.00324 

0.00807 

0.00162 

2.46 

0.0453 

0.0213 

! 0.00322 

0.00802 

0,00161 

2.48 

0.0450 

0.0212 

0.00320 

0.00797 

0.00160 

2.50 

0.0447 

0.0211 

0.00318 

0,00791 

0,00159 

2.52 

0.0444 

0.0209 

0.00315 

0.00786 

0.00158 

2.54 

0.0441 

0.0208 

0-00313 

0.00781 

0.00157 

2.56 

0.0439 

0.0206 

0.00311 

0,00776 

0.00156 

2.58 

0.0436 

0.0205 

0.00309 

0.00771 

0.00155 

2.60 

0.0433 ! 

0.0204 

0.00307 

0.00766 

0.00154 

2.62 

0.0430 

0.0203 

0.00306 

0.00761 

0.00153 

2.64 

0.0428 

0.0201 

0,00304 

0.00757 

1 0.00152 

2.66 

0,0425 

0.0200 

0.00302 

0.00752 

0.00151 

2 68 

0.0422 

0.0199 

0.00300 

0.00748 

0,00150 

2.70 

0.0420 

0.0198 

0.00298 

0.00743 

0.00149 

2.72 

0.0418 

0.0197 

0.00297 

0.00739 

0.00148 

2.74 

0.0415 

0.0195 

0.00295 

0.00735 

0.00148 

2.76 

0.0413 

0.0194 

0.00293 ! 

0.00731 

0.00147 

2.78 

0.0410 

0.0193 

1 0.00292 

0.00726 

0.00146 

2.80 

0.0408 

0.0192 

0,00290 

0.00722 

0.00145 

2.82 

0.0406 

0,0191 

! 0,00288 

0.00718 

0.00144 

2.84 

0.0404 

0.0190 

i 0.00287 

0.00715 

0.00144 

2.86 

0.0402 

0 0189 

0,00285 

0.00711 

0.00143 

2.88 

0,0399 

0,0188 

0.00284 

0.00707 

0.00142 

2.90 

0.0397 

0.0187 

0.00282 

0.00703 

0.00141 

2.92 

0.0395 

0.0186 

0,00281 

0.00699 

0.00141 

2.94 

0.0393 

0.0185 

0.00279 

0.00696 

0.00140 


tide sizes for each specific gravity and 
for each value of T are given in Table II. 
In computing this table the following 
values were used: 

jL == as indicated in table, 
ft 0.00894 which is the value for dis- 
tilled water at 25 C., 

G = the specific gravity of the soil 
indicated in the table, 

Gi = 0.9975 which is the value for a 
mixture of distilled water and 
the indicated amount of sodium 
silicate, and 

r = as indicated in the table. 

Since 7 g. of oven-dry soil is always 
dispersed in sufficient distilled water plus 
sodium silicate to make 250 ml. of sus- 
pension, it follows that the weight of 
soil originally dispersed in 1 ml. of sus- 
pension will be a constant for all soils 
tested. The percentage of soil particles 
which have not settled below the plane 
at which the specific gravity of the sus- 
pension, is determined can be computed 


TABLE III.-PER CENT FINER ON BASIS OF OVEN-DRY WEIGHT OF SAMPLE. 


Specific Gravity Balance Reading 


Specific 


Gravity of 


in 

m 

in 

m 

in 

in 

m 

«n 


in 










Particles 

% 

00 

OS 

Os 

Os 

8 

o~ 

o 

I 

in 

o 

o 

1 

in 

so 

8 


00 

8 


o 

o 

0 

0 

0 

-th 

0 

0 

Difference 
for 0.0001 


d 

d 

d 

w 


yt 




yi 

yi 






y* 

.H 



2.40 

O.C 

6.1 

12.2 

18.3 

24.4 

30.6 

36.7 

42.8 

48.9 

55.0 

61.1 

67.2 

73.3 

79.4 

85.6 

91.7 

97.8 



0.611 

2.42 

c.o 

6.1 

12.2 

18.2 

24.3 

30.4 

36.5 

42.5 

48.6 

54. 7 

60.8 

66.8 

72.9 

79.0 

85.1 

91.1 

97.2 



0.608 

2.44 

0.0 

6.0 

12.1 

18.1 

24.2 

30.2 

36.2 

42.3 

48.3 

54.4 

60.4 

66.5 

72.5 

78.5 

84.6 

90.6 

9€.7 



0,604 

2.46 

0.0 

6.0 

12.0 

18,0 

24.0 

30.0 

36.0 

42.1 

48.1 

54.1 

60.1 

66.1 

72.1 

78,1 

84.1 

90.1 

96.1 



0.601 

2.48 

0.0 

6.0 

11.9 

17.9 

23.9 

29.9 

35.8 

41.8 

47.8 

53.8 

59.7 

65,7 

71.7 

77.7 

83.6 

89.6 

95.6 



0.597 

2.50 

0.0 

5.9 

11.9 

17,8 

23.8 

29.7 

35. 7 

41.6 

47.5 

53.5 

59.4 

65.4 

71.3 

77.3 

83.2 

89.1 

95. 1 



0.594 

2.S2 

0.0 

S.9 

11.8 

17.7 

23.6 

29.6 

35.5 

41.4 

47.3 

53.2 

59.1 

65.0 

70.9 

76.8 

82.8 

88.7 

94.6 



0.591 

2.54 

0.0 

5,9 

11.8 

17,6 

23.5 

29.4 

35.3 

41.2 

47.0 

52.9 

58.8 

64.7 

70,6 

76.5 

82.3 

88.2 

94.1 

100.0 


0.588 

, ,2:56 

0.0 

5.9 

11.7 

17.6 

23.4 

29.3 

35.1 

41.0 

46.8 

52.7 

58.5 

64.4 

70,2 

76.1 

81.9 

87.8 

93.6 

99.5 


0.585 

2.58 

O.C 

5.8 

11.6 

17.5 

23.3 

29.1 

34.9 

40.8 

46.6 

52,4 

58.2 

64.0 

69.9 

75.7 

81.5 

87.3 

93.2 

99.0 


0.582 

2.60 

0.0 

5.8 

11.6 

17.4 

23.2 

29.0 

34.8 

40.6 

46.4 

52.2 

57.9 

63.7 

69.5 

75.3 

81.1 

86.9 

92.7 

98.5 


0.579 

2,62 

0.0 

5.8 

11.5 

17.3 

23.1 

28.8 

34.6 

40.4 

46.1 

51.9 

57.7 

63.4 

€9.2 

75.0 

80.7 

86.5 

92.3 

98.0 


0.576 

2.64 

0.0 

■5,7 

11.5 

117.2 

23.0 

28.7 

34.4 

40,2 

45.9 

51.7 

57,4 

63.1 

68.9 

74.6 

80.4 

86.1 

91.8 

1 97.6 


0.574 

2.66 

0.0 

5.71 

11.4 

17.1 

22.9 

28.6 

34.3 

40.01 

45.7 

51.4 

57.1 

62.9 

68.6 

74.3 

80.0 

85.7 

91.4 

97.1 

■ 

• 0.571 

2.68 

0.0 

5.7 

11.4 

17.1 

22.8 

28.4 

34.1 

39,8 

45.5 

51.2 

56.9 

62.6 

68.3 

74.0 

79.61 

85.3 

91.0 

96,7 


0.568 

2.70 

0.0 

5.7 

11.3 

17.0 

22.7 

28.3 

34.0 

39.6 

45.3' 

51.0 

56,6 

62.3 

68.0 

73.6 

79 . 3 ! 

85. 0 

90.6 

96.3 


0.566 

. 2.72 

0.0 

5.6 

11.3 

16.9 

22.6 

28.2 

33.8 

39.5 

45.1 

50.8 

56.4 

62.0 

67;7: 

73.3 

79.0 

84.6 

90.2 

95.9 


0.563 

2.74 

0.0 

5.6 

11.2 

16.8 

22.5 

28.1 

33.7 

39.3 

44.9 

50.5 

56.2 

61.8 

67.4 

73.0 

78.6 

84.2 

89.9 

95.5 


0.561 

■■2.76 ■■i 

0.0 

5.6 

11.2 

16.8 

22.4 

28.01 

33.6 

39.1 

44.7 

50.3 

55.9 

61.5 

67.1 

72. 7i 

78.3 

83.9 

89.5 

95.1 


0.559 

2.78 

0,0 

5.6 

11.1 

16,7 

22.3 

27.9 

33.4 

39,0 

44.6 

50.1 

55,7 

61.3 

66.8 

72 . 4 ; 

78.0 

83.6 

89.1 

94.7 


0.557 

2.80 

0.0 

5.5 

11.1 

16.6 

22.2 

27.7 

33.3 

38.8 

44.4 

49.9 

55.5 

61.0 

66.5 

72. l| 

77.7 

83.2 

88.8 

94.3 

99.9 

0.554 

"2.82", 

0.0 

5.5 

11.1 

16.6 

22. li 

27.6 

33.2 

38.7 

44,2 

49.7 

55. 3 

60.8 

66.3 

71.81 

77.4 

82,9 

88.4' 

93.9 

99.5 

0.552 

2,84 

0.0 

5.5 

11.0 

16.5 

22.0 

27.5 

33.0 

38.5 

44.0 

49.5 

55.0 

60.6 

66.1 

71.6 

77.1 

82.6 

88.1 

93.6 

99.1 

0,550 

2.86 

0.0 

5.5 

11.0 

16.5 

21.9’ 

27.4 

32,9 

38.4 

43,9 

49.4 

54.8 

60.3 

65,8 

71.3 

76.8 

82.3 

87.7 

93.2 

98.7 

0.548 

2.88 

0.0 

5.5 

10.9 

16.4 

21.9 

27.3 

32.8 

38.2 

43.7 

49.2 

54.6 

60.1 

65.6 

71.0 

76.S 

82.0 

87.4 

92.9 

98.3 

0.546 

2.90 

0.0 

5.4. 

10.9 

16.3 

21.8 

27.2 

32.7 

38.1 

43.6 

49.0 

54.4 

59,9 

65,3 

70.8 

76.2 

81.7 

87.1 

92.5 

98.0 

0.544 

2.92 

0.0 

5.4 

10.8 

16.31 

21.7 

27.1 

32.S 

38.0 

43.4 

48.8 

54.2 

59,7 

65.1 

70.5 

75. 9 

81.4 

86.8 

92.2 

97.6 

0.542 

2.94 

0.0 

■5.4 

10.8 

16.2 

21.6 

27.0 

32.4 

37.8 

43.2 

48.6 

54.1 

59.5 

64.9 

•lO.S 

75.7 

81.1 

86.5 

91.9 

97.3 

0.541 , 
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from the specific gravity balance reading 
by means of the following formula: 


^ _ 100G(D -- Gi) 
W(G-Gi) 


( 2 ) 


where: 

G = the specific gravity of the soil 
particleSj 

D = the specific gravity balance read- 
ing. 

Gi — the specific gravity of the liquid 
medium = 0.9975, 

W = the weight of soil originally dis- 
persed in 1 ml. of suspension 

= 0.028 g. 

P = the per cent of soil remaining in 
suspension at the plane at which 
the specific gravity of the sus- 
pension is determined. 

Equation 2 has been solved for the 
several probable specific gravity balance 
readings and for the range of specific 
gravities of soils that will normally be 
encountered. The results are tabulated 
in Table III. 

Before the test begins, the specific 
gravity of each soil and the particle 
sizes which will correspond to the 
several balance readings are recorded 
on the record sheet. As each specific 
gravity balance reading is determined, 
the percentage finer is immediately de- 
termined from Table III and the cor- 
responding point is plotted on semi-log 
paper. The particle size distribution 
curve for each sample is in this way com- 
plete within one minute after the last 
balance reading, for each sample, is 
made. Table III has been expanded so 
as to include balance readings with inter- 
vals of 0.0002 and the expanded table 
has been printed and a copy mounted 
on two rolls in a small box with a trans- 
parent plastic top. The column “Spe- 
cific Gravity of Particles’’ has been 
pasted on this top and the table is ro- 
tated by means of a knob which rotates 
a small gear attached to each roll thus 
causing the table to unroll from one roll 


as it is rolled into the other. Copies of 
this expanded table' can be obtained 
without cost by writing to the author. 

Specific Surface of Soils: 

The surface area of all the particles 
of an average diameter mm. in a 
gram of the original sample can be com- 
puted by the formula 

„ 0.6Pa 

Sdo = sq. cm .(3) 

where: 

da == the average particle size, 

Pa = the percentage of this average 
particle size in the sample, and 
G = the specific gravity of the sample. 

and the specific surface in square cen- 
timeters- per gram of the soil sample is 
equal to the sum of the surface areas 
computed for each of the average par- 
ticle sizes in the sample. 

We have found it convenient to base 
our computations on the following par- 
ticle sizes in millimeters: 

Average 
Particle Size, 


mm. 

0.074 to 0.040 mm 0.057 

0.040 to 0.020 mm 0.030 

0.020 to 0.010 mm 0.015 

0.010 to 0.005 mm 0.0075 

0.005 to 0.0025 mm ..... 0.00375 

0.0025 to 0.0015 mm 0.0020 

finer than 0 . 0015 mm. 0 . 0010 


The percentage of each average particle 
size in a sample is obtained by scaling 
it from the particle size distribution 
curve that was plotted on semi-log paper 
while the test was in progress. 

Equation 3 has been solved for the 
range of specific gravities ordinarily 
encountered. The surface areas cor- 
responding to the several average par- 
ticle sizes are given in Table IV. The 
author believes that considerable sim- 
plification would result from the classi- 
fication of soils, relative to their particle 
size distribution, on the basis of their 
specific surface. Table IV has been ex- 
panded to include specific gravities with 
0.02 intervals and per cent of particles 
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281 

295 

310 

324 

338 

352 
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from 0.1 to 1.0 per cent by tenths and 
from 1 to 50 per cent with 1 per cent 
intervals. This expanded table has been 
printed and a copy has been mounted 
in a box similar to, but larger than, the 
box used in mounting Table III. Copies 
of this expanded table can be obtained, 
without cost, by writing to the author. 

Test Procedure for Determining 
THE Specific Surface of 
Portland Cement 

Determination of Specific Gravity and 
Viscosity of Kerosine: 

The kerosine used in determining the 
specific surface of portland cement is 
purchased in quantity and redistilled 
before it is used. The specific gravity 
of the kerosine is determined at 25 C. 
with the specific gravity balance and 
the calibrated plummet. The viscosity 
of the kerosine is determined by sur- 
rounding the Wagner turbidimeter tim- 
ing burette with a bath at 25 C. and 
filling the burette with kerosine at 25 C, 
The time in minutes required for the 
surface of the kerosine to arrive at the 
7.5 mark on the burette is recorded, and 
since this is the time required for a 
0.0075-mm, particle to settle 2.1 , cm. 
in kerosine of the viscosity and density 
of the sample,^ it is possible to solve 
Stokes’ law for ^ since 

980 /fG - G,)T ... 
301 

where: 

d = 0.0075 mm., 

G = 3.1S,„ , 

Gi = the specific gravity of the kerosine, 
T = the time in minutes, and 
.. L =,2.1 cm. , 

Dispersion of Sample: 

A 7-g, sample of oven-dry cement is 
placed in a test tube with kerosine and 

< Method of Test for Fineness of Portland Cement by 
the Turbidimeter. 1944 Book of A.S.T.M. Standards, 
Part II, p. 1214, see Table I. 


4 drops of oleic acid are added. The 
sample is then dispersed for 1 min. 
with ' the brush dispersion apparatus 
used with the Wagner turbidimeter. 
The contents of the test tube are washed 
with kerosine, at 25 C., into a graduate 
and kerosine is added until the surface 
is at the 250-ml. mark. The suspension 
is then hand-dispersed for 1 min. after 
which the graduate is placed in position 
in the tank. 

Determination of Specific Gravity of 

Suspension: 

The times at which the specific gravity 
of the suspension is determined is de- 
pendent on the specific gravity and 
viscosity of the lot of kerosine. Since 
according to Stokes’ law 


30wL 

m¥{G - Gi) 


( 5 ) 


it is possible to fix the value of the sev- 
eral particle sizes to be determined and 
the value of L for each determination and 
solve for T the time at which the specific 
gravity of the suspension should be 
determined. We have, up to the pres- 
ent time, used the following values of L 
and d: 


L — 22 cm. 

d 0.055 mm. 

X = 1 cm. 

d == 0.010 mm. 

L — 22 cm. 

d = 0.040 mm. 

X = 1 cm. 

d = 0.0075 mm. 

X = 22 cm. 

d == 0,025 mm. 

X = 1 cm. 

d = 0.005 mm. 


The corresponding values of T for the 
lot of kerosine we are using (specific 
gravity 0.8033 and viscosity 0.0145) are 
1 min. 23 sec., 1 min. 53 sec., 2 min. 
36 sec., 3 min. 22 sec., 6 min. 40 sec., 
and 7 min. 35 sec. The test procedure 
is the .same as for soils with the excep- 
tion that most of the foam that forms 
on the surface of some samples, due to 
hand dispersion, is removed before the 
plummet is introduced into the graduate. 
The plummet should be always thor- 
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oughly cleaned with CCI4 before and 
after it is used in kerosine. 

Computations: 

A table containing the percentage finer 
for the several possible specific gravity 
balance readings and for the specific 
gravity of cement of 3.15 is computed 
for each lot of kerosine. This table is 
computed in the same way that Table 
III was computed and is similar to it. 
The percentage finer is then taken from 
the table for each balance reading and 
indicated particle size. 

The percentage of cement retained on 
a No. 200 sieve is determined by dry 
sieving and the average particle sizes 
computed on the basis of particle frac- 
tions with the following diameters. 
(The plus 200 sieve material is assumed 
to have an average particle size between 
the Nos. 150 and 200 sieves). 

Average Particle 


oizc, mill. 

0.104 to 0.074 mm 0.0890 

0.074 to 0.055 mm.... 0.0645 

0.055 to 0.040 mm 0.0475 

0.040 to 0.025 mm 0.0325 

0.025 to 0.010 mm 0.0175 

0.010 to 0,0075 mm 0.00875 

0.0075 to 0.0050 mm 0.00625 

0.0050 to 0.0000 mm 0.00350 


The surface areas for the range of 
possible percentages of the several aver- 
age particle sizes have been computed 
and are given in Table V. The values 
were computed from Eq. 3, using a 
specific gravity of cement equal to 3.15. 
For any test the surface area of the 
sample in square centimeters per gram 
is equal to the sum of the surface areas 
for all of the particles indicated. 

Test Results 
Particle Size of Soils: 

In order to determine the reproduci- 
bility of test results obtained with the 
chainomatic specific gravity balance 
method of particle size determination, 
14 soil samples were prepared and 10 


consecutive determinations of the parti- 
cle size distribution of each sample were 
made with the hydraulically operated 
apparatus. Since five specific gravity 
balance readings were required for each 
test of each sample, the total number of 
readings was 700. The average lialance 
reading for each sample for each time 
interval was then computed and on the 
basis of these average readings it was 
found that: 

6.4 per cent of the percentages finer had a variation of 0.0 
per cent 

44.2 per cent of the percentages finer had a variation ’with- 
in 0.3 per cent 

73.2 per cent of the percentages finer had a variation with- 
in 0.6 per cent 

89.2 per cent of the percentages finer had a variation with- 
in 0.9 per cent 

97.7 per cent of the percentages finer had a variation with- 
in 1.2 per cent 

99.4 per cent of the percentages finer had a variation with- 
in 1.5 per cent 

This reproducibility is better tlian can 
be obtained with other method with 
the possible exception of the time-con- 
suming pipette method of the U. S. 
Bureau of Chemistry and Soils. 

The results obtained by means of the 
specific gravity balance method and by 
the hydrometer method® were com- 
pared by testing eight duplicate samples 
of soils by the two methods. The 
hydrometer tests were made using 28 
g. of the minus No. 200 sieve material 
that had been prepared for the specific 
gravity balance method and sodium 
silicate solution was added in the same 
proportion for all of these tests. The 
results obtained were, for comparative 
purposes, converted to the basis of 
specific surfaces and are given below: 

comparative results obtained by means 
OF the specific gravity balance and 

HYDROMETER METHODS. 

Specific Surface of Soil, sq. cm. per g. 

Sample — ^ 

Specific Gravity , Hydrometer 
Balance Method Method 

No. 1 8350 7130 

No. 2 8085 8260 

No. 3 9280 7780 

No. 4 : .. 5625 . ,4030 

No. 5..... ... 7670 7830 

No. 6 5405 5070 

No.. 7 7750 7165 

No. 8 ,,... 8715 8275 
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The average specific surface obtained 
for the eight samples by the two methods 
was therefore: 

Specific gravity balaace 

method 7610 sq. cm. per g. 

Hydrometer method. ...... 6943 sq. cm. per g. 

It thus appears tliat the average spe- 
cific surface obtained by the hydrometer 
method was 8,76 per cent lower than was 
obtained by the specific gravity balance 
method. 

Tests were made to determine whether 
the repeated introduction of the plum- 
met into a suspension changed the test 
results from what would be obtained if 
the plummet was only introduced once. 
A regular test was first run on a sample 
and the sample was then re-agitated 
and a reading taken after 9 min.; re- 
agitated and a reading taken after 18 
min., etc. No difference in results was 
noticed. The |.)ossible effect of the 
vibration of the apparatus due to the 
motor drive was also investigated and 
the ciincliision wa.s reached that this 
vibration did not affect tlie test results. 

Specific Sitrface of Cement: 

A 7-g. sample of cement was prepared 
by comliining two U. S. National Bureau 
of Standards samples with an indicated 
surface area, of 1890 sq. cm. per gram. 
The result obtained with the chaino- 
malic sfXHrific gravity balance was 1883 
sq. cm. |■)er gram. Tests have been 
made on a very limited number of 
duplicate samples, the specific surface 
of which liad been determined by the 
Wagner turbidimeter, and the results 
have been within. ±15 sq. cm. per gram. 

Ohsermtiom: 

Two motor~cl riven specific gravity 
lialance a,|)paratiises a,nd an hydraulically 
operated apparatus have been built. 

The first apparatus that was built 
has a tank, to accommodate 20 graduates 
and a vertical tank speed of 3 cm. per 
second. It has a lower limit switch 


and a switch to stop the tank with L = 
1 cm. and L = 22 cm. The screw is 
belt driven and the small switches stop 
the tank within ±0.2 mm. of the de- 
sired elevations. Fluctuations in the 
cycles and power line voltage cause 
practically all of the observed error in 
the elevations. The time schedule for 
testing 14 soil samples in this apparatus 
is shown in Table VI. 

It will be seen from this schedule that 
14 samples are tested in 103 min. or 
with an average time per sample of 
7.36 min. 

The second apparatus has a tank to 
accommodate five samples, a vertical 
tank speed of 6 cm, per second and 
small switches to stop the tank with L 
= 1, 6, 10, 14, 18, and 22 cm. The 
tank for this apparatus is a one-piece 
aluminum casting with all surfaces 
turned in a lathe. The graduate sup- 
ports are cast aluminum and were 
machined to the required dimensions. 
The motor is gear connected to the 
screw and the gears operate immersed 
in light oil. Due to the variations in 
TABLE VI.~TrME SCHEDULE. 

Two minutes before test is to start, begin dis- 
persing sample No. 1 and disperse a total of 7 
samples at l~min. intervals. 

2 min. to S min. inclusive— first set of read- 
ings for samples 1 to 7 (X = 22, T ~ 

2 min.) 

9 min. to 15 min. inclusive — second set of 
readings for samples 1 to 7 (X ~ 22, 
r = 9 min.) 

18 min. to 24 min. inclusive — third set of 
readings for samples 1 to 7 (X =1, 
T = 18 min.) 

23 min. — begin dispersing sample 8 and 
disperse p. total of seven samples at 1- 
min. intervals. 

27 min. to 33 min. inclusive— first set of 
readings for samples 8 to 14 (X == 22, 
T = 2 min.) 

34 min. to 40 min. inclusive — second set of 
readings for samples 8 to 14 (X = 22, 
r = 9 min.) . 

43 min. to 49 min. inclusive — third set of 
readings for samples 8 to 14 (X = 1, 
T = 18 min.)' 
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Fig. 9.— Details of Hydraulically Operated Apparatus. 


1— -Snap clamp for graduates 

2— Tank 

3— Graduate support 

4 — ^Tank sleeve 

5— Tank sleeve cap 
<5 — ^luner piston 

7“-Adj us table stop for inner piston 

8— 'Inner cylinder 

9— Metal disk to hold leather packing 

10— Adjustable cap on outer piston 

11 — Adjustable stop for outer piston 

12— Trough to catch oil or water leakage 


13— Outer piston 

14— Outer cylinder 

15— Metal disk to hold leather packing 

16— Upper base for cylinders 

17 — Lower base for cylinders 

18— Base for apparatus 

19 — Balance support column 

20— Vertical guide for slots in lower rim of tank 

21 — ^Poot pedal to disengage guide 

22— Three-way valves 

23— Balance support plate 

24— Chainomatic specific gravity balance 
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64 min. to 70 min. inclusive—fourtli set of 
readings for samples 1 to 7 (A = 22, 
r = 64 min.) 

72 min. to 78 min. inclusive — fifth set of 
readings for samples 1 to 7 (A == 1, 
r » 72 min.) 

89 min. to 95 min. inclusive — fourth set of 
readings for samples 8 to 14 (A = 22, 
T =« 64 min.) 

97 min. to 103 min. inclusive — fifth set of 
readings for samples 8 to 14 (A = 1, 

, r « 72min.) 

the cycles and voltage of the electricity 
furnished to the laboratory it has been 
impossible to stop the tank of this ap- 
paratus within ±0.2 mm. of the re- 
quired elevations. For this reason no 
tests are made with this apparatus. 

The third apparatus is hydraulically 
operated and has a tank to accommodate 
IS graduates. The tank is raised and 
lowered by means of two pistons operat- 
ing in concentric cylinders (see Fig. 9). 
The upper position of each piston is 
fixed by means of an adjustable stop 
and the hydraulic pressure holds the 
piston in contact with the stop while a 
reading is being taken. The inner 
piston raises the tank . so that L = 22 
cm. and the outer piston so that L = 
1 cm. Each cylinder is connected by a 
tube to a three-way valve mounted in 
the balance support column. These 
three-way valves permit raising or low- 
ering either piston at any desired speed. 
We prefer to operate at a vertical speed 
of 2 cm. per sec. The apparatus is de- 
signed to work with, pressures of from 
5() to 100 psi. and can operate with 
either oil or water. The pressure can 
be supplied by either a pump or direct 
connection to the city water supply. 
If water is used,, the apparatus should be 
.constructed of bra.ss. The use of this 
hydraulic apparatus eliminates all vibra- 
tion and permits stopping the tank at 
exactly tlie desired elevations. 

If an apparatus were built with a 
tank to accommodate 29 graduates and 
with a vertical tank speed of 3 cm. per 


second it would be possible to disperse 
samples at |-min. intervals and test 28 
samples in 103 min., thus reducing the 
average time per sample to 3.68 min. 

Precautions: 

1. The spherical plummet must be 
highly polished. If a plummet is used 
which is not highly polished, results 
will be erratic due to a film of air on 
the rough surface. 

2. The plummet should be immersed 
in a graduate containing the liquid me- 
dium at least 10 min, before the test is to 
begin, and it should always be immersed 
in this graduate when the time interval 
between readings is more than 1 min. 
For this purpose the tank should be of 
such a size that it will hold one more 
graduate than is required for the test 
schedule. This graduate also serves 
for checking the balance reading with, 
the plummet in the liquid medium. 

3. The plummet must be washed with 
the liquid medium after every reading 
is taken and the plummet should be 
frequently thoroughly cleaned with CCI4. 

4. The value of L should be checked 
at intervals. It is convenient to check 
with L = 1 and checking is done by 
placing a cork in a graduate with the 
flat top of the cork horizontal and 1 
cm. plus half the vertical diameter of the 
plummet below the 250-ml, mark on the 
graduate. The tank is then raised to 
the required elevation and the length 
of the hook is adjusted until the balance 
pointer indicates that the bottom of the 
plummet has just made contact with the 
cork. 

5. Allowance must be made for the 
height of the meniscus and the gradu- 
ates should be filled until the top of the 
meniscus is the required distance above 
the 250-mL mark. 

6. The specific gravity balance read- 
ing, with the plummet in air and in the 
liquid medium, should be checked be- 
fore a test begins. 



1372 


Bakrett on Particle Size Determination 


7. The apparatus should be located 
in :a' place where there are no drafts. 

8. The balance should always be 
operated by the same technician. Sev- 
eral days of practice are required before 
a man becomes reasonably proficient 
and several weeks before he can achieve 
maximum efficiency. 

9. The tank should always be raised 
so that not more than 7 sec. will elapse 
between the time the tank reaches the 
required elevation and the time the 
reading is taken. This minimizes the 
number of particles that can settle on 
the plummet. An experienced operator 
can make a reading in 3 sec. 

10. If a motor-driven apparatus is 
used, the water in the tank should 
always be maintained at the same level. 
If this is not done the inertia effect of 
the motor will result in an error in the 
elevation at which the small switches 
stop the tank. 

11. The temperature of the water in 
the tank should be maintained at 25 
rt: 0.2 C. throughout the test. This is 
done by manually adding warm or cool 
water. The water in the tank is auto- 
matically stirred every time the tank is 
turned since the graduates are forced 
through the practically stationary water. 

12. The lower limit switch, which 
automatically stops the tank in the 


down position, should be so placed that 
there will be a clearance of at least 3 
cm. between the bottom of the plummet 
and the top of the highest graduate when 

the tank is down. 
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DISCUSSION 


Mr. Alan R. Lxjkens.^ — We have 
used a method similar to the one de- 
scribed by Mr. Barrett, also employing 
the chaiiiomatic balance to make sedi- 
mentation tests. Thus we are in a 
position to appreciate the clever work 
done by Mr. Barrett. His ingenuity 
has overcome many mechanical diffi- 
culties and he has made it easy to 
conduct multiple tests. 

We note Mr. Barrett calculates his 
specific surface from the particle size 
distribution and then uses the Wagner 
surface areas as a means of correlation. 
We have made numerous comparisons 
of data obtained from the Wagner 
turbidimeter with surface area data we 
obtain with our Brunauer-Emmett-Teller 
nitrogen-adsorption apparatus. We find 
in many cases the latter shows decidedly 
higher figures, particularly when the 
particle has the somewhat porous struc- 
ture common to portland cements. 
Thus we recommend the shape and the 
structure of particles comprising a dis- 
tribution be considered when one seeks 
accuracy in calculating specific surfaces 
from the distribution of sizes. 

Mr. Barrett would be wise to take into 
account entrapped air introduced by 
brush stirring. This air as it rises alters 
the velocity of sedimentation and 
changes the specific gravity at points 
below the surface, particularly at the 
distance at which he makes certain of his 
tests. 

Many of these causes of inaccuracies 
we have overcome but only as the result 
of about fifteen years of constant work. 
We use in conjunction with thechaino- 

^ Vice-President, Powdered, Material Research Labora- 
tories, Cambridge, Mass. 


matic balance a specially designed centri- 
fuge and by this means obtain particle 
size distributions down to somewhat 
less than 0.1 ju, in a matter of hours. 

When testing soils, we find each 
must receive careful preliminary 
examination so as to select that 
dispersing agent particularly suited to 
it. Sedimentation tests are of value 
only after perfect dispersion has been 
achieved. 

Mr. Barrett has done a splendid job 
in developing his method of uniformly 
and carefully introducing his plummet; 
his tables surely will be useful in routine 
laboratories. We congratulate him upon 
his ingenuity and upon the method of 
presenting his paper to us. 

Mr. Lincoln T. Work.^ — ^The author 
is to be commended on the development 
of an apparatus which points in the 
direction of speed. I should, however, 
indicate that the hydrometer method, 
if scheduled in a work day, can be 
carried out in less time than one would 
normally think. In other words, if the 
test program begins around 2 or 3 
o’clock in the afternoon and the last 
reading is taken in the morning, the 
time during the night, which is not 
useful in productive effort, is used to 
advantage. 

I have, however, two or three questions 
which might be answered now or in 
subsequent work. One is the question 
of correlation of sieve diameters with 
the settling diameters. There is con- 
siderable information on the subject, but 


2 Director of Research and Development, Metal and 
Hiermit Corp,, Woodbridge, N. J. 
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I did notice that the sieve separation 
and the settling tests were carried out 
on the same soils and did not notice 
any correlation of the two types of 
diameters. 

With respect to the absorption 
method, to which Mr. Lukens referred, I 
am wondering whether we know the 
properties of cements or soils with 
respect to what might be considered 
internal surface which would not be 
recorded on the sedimentation but would 
be recorded on the absorption method. 
Irregularities of external surface, how- 
ever, do probably represent an error 
from the conventional which we assume. 
Also I raise a question in connection 
with the paper about the effective use 
of 1-cm. depth. It is a great help 
in getting speed, but the size of the ball, 
having a radius of 0.78 cm. brings the 
top of the ball rather close to the surface 
and the bottom of the ball some distance 
down so the 1-cm. center of gravity 
point does not represent the effective 
depth. 

In other words, the diameter of the 
ball in relation to the depth at which 
it is used, in that case, may present a 
dangerous situation. I presume it does 
not make much difference on soils. 
Otherwise, I think the problems are 
those which will develop as we see more 
and more work being done on this type 
of apparatus. 

A Member. — ^Were any comparisons 
made? 

Mr. E. V. Barrett {author^ s 
closure), — Mr. Lukens states that the 
surface area obtained with the Bru- 
nauer-Emmett-Teller nitrogen-absortion 
apparatus is in many cases decidedly 
higher .than the surface area obtained 
with the Wagner turbidimeter. The 
nitrogen-absortion apparatus measures 
both exterior and internal surface and, 
since all cement has a somewhat porous 
structure, the surface area of the voids 


in the particles would normally amount 
to an appreciable area; therefore, any 
result obtained would be in error by the 
amount of this internal area. ■ Further- 
more, there appears to be no question 
that the surface areas obtained with 
the Wagner turbidimeter are lower 
than they should be. This is due to the 
fact that the smallest particle for which 
a turbidity reading is taken is 7.5 ju. 
When it is considered that if a gram of 
cement has 1 per cent of particles with 
an average size of 0.0075 mm., the surface 
area is 25.4 sq. cm. while 1 per cent of 
particles with an average size of 0.001 
mm. has a surface area of 190.5 sq. 
cm., it can readily be seen that the 
specific surface determined by the Wag- 
ner turbidimeter can be considerably 
lower than the true surface. 

Since the A.S.T.M. had adopted the 
turbidimeter in the Standard Method 
of Test for Fineness of Portland Cement 
by the Turbidimeter (C 115 - 42),^ 
a procedure was developed whereby a 
comparable result could be obtained 
using the chainomatic specific gravity 
balance. In developing this procedure, 
the specific surfaces of a number of 
samples of cement were determined 
with the Wagner turbidimeter. Sam- 
ples of the same cements were then tested 
with the specific gravity balance and the 
surface area of all particles 0.005 mm. 
or larger was computed for each sample. 
On the basis of the difference between 
the surface areas obtained in this way 
and the surface areas obtained with ■ the 
Wagner turbidimeter it was then 
possible to compute the average size 
of particles smaller than 0.005 mm, that 
would result in a specific surface equal 
to that obtained with the turbidimeter. 
It was found that the required particle 
size was 0.0035 mm. The author ex- 
pects in the near future to make a 

* iS>44 Book of A.S.T,M. Standards, Part II,. p, 47. 
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furtker investigation of the specific 
surface of portland cement with' the 
specific gravity balance method, deter- 
mining particle size to 1 ju and assum- 
ing the average size of particles smaller 
than 1 M on the basis of the best in- 
formation available. 

Mr. Lukens’ remarks relative to 
terminal velocities and entrapped air 
would, I believe, apply primarily to 
research and would not apply to routine 
testing. The largest soil particle for 
which a reading is taken at 1 cm. below 
the surface is 3 ja and the reading is at 
18 min. Gessner^ has demonstrated 
that the time required for a particle to 
reach its terminal velocity is only 
appreciable for extremely coarse parti- 
cles, a conservative lower limit for which 
would be 100 jx. Relative to the en- 
trapped air, the first reading is purposely 
taken at 2 min, and the specific gravity 
of the suspension is determined at a 
depth of 22 cm. since we have found 
that under these conditions our results 
are not affected by the rising air bubbles. 
It has been our experience that the 
principal error caused by the small 
rising air bubbles is due to the decreased 
density of the solution caused by the 
I bubbles and to a lesser extent the impact 

^ of the rising air bubbles against the 

; plummet. It is believed that entrapped 

I air could be reduced to a minimum by 

I using an air-free liquid medium and 

I dispersing in a vacuum. 

I The chainomatic specific gravity 

I balance method was developed for the 

I rapid routine testing of soil samples 

I and practically all of our work with this 

: method is in testing soil samples from 

dams, airports, highways, etc. We have 
, found that practically all flocculation of 
dispersed soil samples is due to the 
presence of salts and other soluble ma- 
terial and that the washing of a soil 

Gess^e^, "Die Schkmmanalyse,” Akademische 
Verlogsgesellsciiaft, Leipzig (1931), , pp,. 12-14. 


sample, in accordance with our pro- 
cedure, reduces the salts and soluble 
material to a point where flocculation 
does not occur. 

Mr. Work seems to have the im- 
pression that the only advantage of 

the method covered in my paper is speed, 
and it is unfortunate that he has this 
impression. We have made several 
thousand hydrometer tests and it was [ 

complete dissatisfaction with the hy- J 

drometer method that led to the develop- : 

ment of the chainomatic specific gravity 
balance method. The hydrometer 

method requires 24 hr. for a determina- | 

tion of the percentage of soil particles i 

finer than 1.5 p and in addition grossly 
violates one of the fundamental 

assumptions on which all sedimentation 
tests are based since the hydrometer, i 

instead of indicating the density of a I 

suspension at some plane below the | 

surface, indicates the average density of | 

a column of dispersion at least 15 cm. ! 

high. It can only be by pure accident 
that the density indicated • by the 

hydrometer will correspond to the actual 
density at the assumed plane. 

We found, for soil samples, that when 
working with the hydrometer and plot- 
ting particle size on the basis of the 
combined sample, a projection of that 
portion of the curve representing per- 
centage finer as determined by sieves 
failed to meet the curve as determined 
by the hydrometer, by from 1 to 7 per 
cent. However, in the case of all of the 
hundreds of soil samples that we have 
tested with the specific gravity balance 
method the two curves meet exactly. 

Mr. Work has raised a question about 
the density determinations made at 
1 cm. below the original surface of a 
suspension. The radius of the spherical 
plummet is about 0.78 cm. and the 
volume of the plummet is 2 cu. cm. 

The introduction of the plummet into a 
suspension raises the level of the sus- 
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pension by 2 mm. Since the density of 
the suspension is determined at a depth 
of 1 cm. below the original surface of 
the suspension, the center of the plummet 
is then 1.2 cm. below the existing surface 
at the time the density is determined. 
It therefore follows that the top of the 
plummet is 0.42 cm. below the surface 
when the density is determined. Under 
these conditions there can be no dif- 



Fig. 10. — Hydraulically Operated Apparatus 
with Tank in Bown Position. 


ference between determining the density 
of a suspension at a depth of 1 cm. below 
the original surface or 22 cm. below the 
original surface and the center of the 
plummet will in both cases represent 
the effective depth at which the density 
is determined for soils or for any other 
jmely divided particles. 

In answer to the question about com- 
parisons, comparative tests have not 
been made with the chainomatic specific 
gravity balance method and either the 


Lea and Nurse or- the Blaine air .per- 
meability apparatus. In the author’s 
opinion the inherent errors of - these 
methods due to the adhering air film 
surrounding each particle, the variable 
permeability of the filter paper, and the 
practical impossibility of exactly con- 
trolling the porosity of the bed of cement 
must result in an appreciable error. 
In addition, there does not seem to be 
agreement as to the method that should 
be used in making the computations. 

We have discontinued use of the 
motor-driven apparatus and make all 
of our tests with the hydraulically oper- 
ated apparatus shown in Fig. 9 of the 
paper and the accompanying Fig. 10. 
The apparatus operates with No. 20 
oil and pressure is supplied from a small 
pump discharging into a IS-gal hot 
water tank, A pressure regulator 
mounted on the tank automatically 
cuts the pump motor in at SO psi. and 
cuts it out at 75 psi. Gate valves 
mounted in the pressure and discharge 
lines to the apparatus permit raising 
and lowering the tank at any desired 
vertical velocity. The discharge line 
has a connection to each of the two 
cylinders and a check valve is mounted 
in each of these connecting lines. These 
check valves prevent back pressure 
from raising one piston while oil is 
being released from the other cylinder. 
The discharge line discharges into a 
IS-gal. hot water tank that is used as a 
sump and the pump draws the oil from 
this sump. 


LABORATORY INVESTIGATION OF ANTI-STRIPPING ADMIXTURES 
USED FOR PROMOTING WETTING POWER AND ADHESION BE- 
TWEEN BITUMENS AND AGGREGATES’" 

By John C, Spraghe^ 


Synopsis 

The general relationship between, and effect of anti-stripping admixtures 
upon, the wetting power (as opposed to coverage), adhesion (or stripping re- 
sistance), and stability of bituminous mixtures in the presence of water have 
been investigated and the results reported and discussed in this paper. It is 
pointed out that coverage of an aggregate with bitumen may often be obtained 
without wetting, but that thorough wetting of an aggregate is essential to good 
adhesion. The results suggest that ‘ 'hydrophilic” and “hydrophobic” are 
relative rather than absolute terms, as used in bituminous construction, and 
that they should not be applied unreservedly to an aggregate for all conditions 
of use. Findings based upon a conventional static immersion stripping test, 
and upon a stability test of soaked compared with unsoaked specimens are 
presented, and discussed. 

As a result of the laboratory phase of the investigation, it is found that none 
of the nine anti-stripping admixtures tested can be said to have an over-all 
efficiency, for the range of nine aggregates (from a dense granite to a porous 
coral) and three bitumens included in the program, from the standpoint of 
promoting wetting power, stripping resistance, and stability retention of plant- 
type bituminous mixtures. None of the admixtures would promote wetting 
power of asphalt (AC-8) when mixed with surface-wet graded aggregates; nor 
would any of them sufficiently promote the wetting power of any of the bitu- 
mens tested when mixed with the surface-wet, porous lime rocks. 

On the other hand, practically all of the admixtures were quite effective 
with the surface-dry aggregates; and several of the admixtures were very ef- 
fective with several of the surface-wet aggregates in promoting wetting power, 
stripping resistance, and stability. 


Upon request of the Engineer Board, 
Fort Beivoir, Ya., and approval by the 
Chief "of Engineers, Corps of Engineers, 
U. S. Army, the,. Division Engineer, 
South Atlantic Division, directed the 
Division Materials Testing Laboratory 
to conduct appropriate tests to deter- 
mine the efficacy of certain anti-stripping 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Engineer in C harge, Division Materials Testing Lab., 
South Atlantic Division, Corps of Engineers, U. S. Army, 
Atlanta, Ga, 


admixtures used in bituminous mixtures 
for promoting wetting power and anti- 
stripping properties of bitumens when 
used with wet, hydrophilic aggregates. 
The purpose of the program was to try 
to find an additive which would be 
effective with the normal range of bitu- 
mens in use in certain theaters of war, 
to the end that they would coat, and 
adhere to, a wide variety of wet aggre- 
gates. The laboratory phase of the test 
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program was initiated in April, 1945, 
and was to be followed by field pilot 
tests. However, the laboratory tests 
were not completed before cessation of 
hostilities and, in light of removal of the 
emergency, the ^^follow-up’^ field tests 
have been postponed indefinitely. 

This report covers the results of a 
laboratory investigation on the effect of 
each of nine additives upon the wetting 
power, stripping characteristics, and 
stability retention of three asphalts (AC- 
8, RC-2, and MC-2) combined in bitu- 
minous mixtures with nine different 
aggregates. 

Explanation op Terms 

Adhesion: Used interchangeably with the 
expression ‘‘Anti-Stripping’^; power of 
attraction between liquid bitumen and 
aggregate. 

Blank: Plain bitumen, without admixture. 
Blend: Plain bitumen blended with admix- 
ture. 

Consistency: Of bitumen, as measured by 
viscosity, penetration and/or softening 
point. 

Coverage: Merely covering or coating an 
aggregate particle with a film of bitumen, 
without it necessarily adhering firmly 
to the particles. 

Hydrophilic: Greater attraction of aggre- 
gate for water than for oil (water loving). 
Hydrophobic: Greater attraction of aggre- 
gate for oil than for water (water hating). 
Wettability: Susceptibility of an aggregate 
to being wetted by a bitumen. 

Wetting Power: Ability of a bitumen to 
cover (or coat), and adhere firmly to an 
aggregate (as opposed to coverage). 

^ Materials' 

The following materials were involved 
in this investigation: 

Aggregates: 

Crushed gravel (predominately flint) ; 
Feldspathic quartzite; pit-run gravel 
(predominately quartz) ; granite (grano- 


diorite, having definite granitoid tex- 
ture); Brooksville lime rock (predomi- 
nately CaCOs and MgCOg); reef coral; 
argillaceous limestone; Ojus lime rock 
(predominately CaCOs and MgCOs, with 
appreciable Si 02 ); quartz sand, coated 
with iron oxide. 

Bitumens: 

Asphalt cement, 85 to 100 penetration 
(AC-8);^ rapid curing cut-back asphalt, 
100 to 200 viscosity range (RC-2)® and 
medium curing cut-back asphalt, 100 
to 200 viscosity range (MC-2),^ 

Anti-Stripping Admixtures: 

Nine additives, designated A, B, C, 
D, E, F, G, H, and I, furnished by 
leading processors in the country, were 
investigated to determine their efficacy 
as wetting and anti-stripping agents 
without, at the same time, having an 
adverse effect upon other characteristics 
of bituminous mixtures. A brief de- 
scription of each of the additives follows: 

Agent A, — An oleic amine, greenish 
in color, of consistency such that it will 
not flow when cool, but will become a 
liquid under warm-weather conditions. 

Agent B.—A mixture of organic bases 
and other organic compounds. It is 
light tan in color and at normal tem- 
perature has the consistency of cup 
grease. 

Agent C, — An alkylated oleic amine, 
dark brown, having the consistency at 
normal temperature of very heavy motor 

oil. 

Agent D, — Essentially a fatty acid in 
combination with an amine, to which has 
been added aluminum sulfate and a tall 
oil type soap, all mixed to a given dilu- 
tion with a cut-back asphalt. It is 

» Standard Specifications for Asphalt Cement, 1942 
Book of Am. Assn. State Highway OfScials, Part I, p. S. 

8 Tentative Specifications for Gut -Back Asphalt (Rapid 
Curing Type) (D 597 - 40 T), 1944 Book of A.kT.M. 
Standards, Part IT, p. 1372. 

< Tentative Specifications for Cut-Back Asphalt (Me- 
dium Curing Type) CD 598 - 40 T), 1944 Book of A.S.T.M. 
Standards, Part II* p. 1374. 
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brown in color ^ having a consistency at 
normal temperature of molasses. 

Agent E . — Essentially the stearyl 
amine salt of the stearyl amide of ethyl 
phosphoric acid. It is a fat-like tan 
solid at room temperature and is melted 
to an amber oil before blending with a 
bitumen. 

A gent /^.—Essentially the same as that 
of agent D, except that it is diluted 
with cut-back asphalt iii different pro- 
portions, and except that it is milled 
with water which serves as a binder. It 
is dark brown and has the consistency 
at normal temperature of light grease. 

Agent G. — A soap obtainable from 
petroleum sources, not readily subject to 
being incorporated directly into a bitu- 
men in its pure or 100 per cent concen- 
trated form. For this investigation it 
was furnished as a 10 per cent concen- 
trate in cut-back asphalt (RC-2), com- 
pounded to the viscosity range of regular 
RC-2 cut-back asphalt. Therefore, 
when it is used with other types of 
bitumen, it naturally tends to change 
their physical characteristics. It de- 
creases the consistency of the AC-8 
asphalt. 

Agent H—A fatty oleic poly-amine, 
light tan in color and having the con- 
sistency at room temperature of heavy 
axle grease. The additive has to be 
heated in order to mix it with bitumin- 
ous materials. 

Agent J,— A heavy metal soap, light, 
tan in color. Its consistency at normal 
temperature is that of cup grease. 

Procedures 

Modified Oberbach Stripping Test:^ 

The modified Oberbach Stripping Test 
(static immersion test) was used to 
measure the stripping, as such, of bitu- 
minous films from the surfaces of the 
aggregates. It was performed, with 

® Conforms with procedure outlined in unpublished 
report of the Engineer Board, Fort Belvoir, Va. 


companion samples, under the following 
stipulated conditions: 

1. Immediately after mixing, a sample 
was immersed in distilled water at 77 F. 
After a 24-hr. immersion period, the 
sample was examined visually to deter- 
mine the extent of stripping that had 
occurred. 

2. A sample was cured at a tempera- 
ture of 77 F, for 24 hr., then immersed 
in distilled water at 100 F., and after a 
period of 24-hr. immersion, examined as 
stated above. 

3. A sample was cured in an oven at 
140 F. for 24 hr., then immersed in dis- 
tilled water at 140 F. for 24 hr. and ex- 
amined as stated above. 

4. Selected mixes were subjected to 
two cycles of freezing and thawing, after 
which they were subjected to stripping 
action as described in (1) and (2) above. 
The AC-8 asphalt mixes received no 
preliminary curing, but the cut-back as- 
phalt mixes were cured for 24 hr. at 77 F. 
prior to testing. In a few instances, 
companion samples were subjected to 25 
cycles of freezing and thawing with no 
different results than were obtained with 
two cycles. 

This static iinmersion stripping test is 
similar to several others which have been 
used. After the mixes had been pre- 
pared, as described, containers having a 
capacity of 200 ml. were filled one third 
to one half with mixed material and then 
the rest of the way with distilled water. 
After the 24-hr. period at 77 F. the mixes 
were visually inspected. In order to 
minimize the personal equation, and 
variations such as color of aggregate, 
optical effects due to variable light in- 
tensities, and other natural phenomena, 
estimations of area stripped were made 
on submerged samples under constant 
light conditions, by two operators 
making independent estimates. In this 
phase of the investigation, stripping tests 
were performed in groups, each group 
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Fig. 1. — Typical Views of Surface-Wet Siliceous and Calcareous Aggregate Mixes After Completion of the Modified Oberbach Stripping Test. 

Sample at left shows mix with no admixture (blank) . The other samples show mixes with admixtures taken at random. 


SpRAGtJE ON Anti-Stripping Admixtures 


1381 



consisting of one aggregate and one mois- 
ture condition of aggregate, the blank 
sample (bitumen without admixture) in 
each instance being directly comparable 
with, the blends (bitumen with ad- 
mixture), of that group. Data recorded 
in the performance of this visual inspec- 
tion included condition of coating after 
mixing, estimate of percentage of area 
uncoated, estimate of areas only thinly 
coated, and t3^pe of stripping (whether 


gates which were tested in a surface- 
wet state were soaked for 24 hr. prior 
to mixing. Before being placed in the 
mixing bowl, all wet aggregates were 
shaken under a constant condition in a 
wire mesh basket until substantially all 
free-flowing water had been drained off, 
after which the percentage of surface 
moisture was determined (the surface 
moisture ranged from a low of 1.6 for 
pit-run gravel to a high of 2.8 for Ojus 


Fig. 2. -"-Forced Draft Constant Temperature Cabinet Used for Curing Oberbach Stripping Test 
Specimens; and for Bringing Stability Specimens ta Constant Temperature of 77 F. Before 
Placing in Compression Machine. 


globular, partial release of bituminous 
material, or complete release of bitumen 
from the surface of the aggregate). It 
was considered that stripping was not 
excessive if it amounted to less than 25 
per cent. Figures 1 and 2 show the 
types of containers used during the 
immersion and curing stages of the test. 
The, size, aggregate used in this phase 
of the investigation ranged from f 
in. to No. 4, with all material above and 
below these limits screened out. ' Aggre- 


lime rock, and 12 for sand). Aggregates 
used in a surface-dry condition were at 
room temperature when mixed, except 
that aggregate mixed with the AC -8 
asphalt had to be heated to about 150 F. 

Initially, a small Hobart, kitchen-type 
mixer fitted with a special paddle was 
tried for the mixing operation. This 
was soon dispensed with, however, in 
favor of mixing by hand, as it was found 
that the latter method was faster and 
better suited to coat the aggregate uni- 
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formly with a film of bitumen. The 
percentage of bitumen used was such 
that the film thickness on the aggregate 
particles was substantially constant for 
all mixtures, the optimum in each case 
depending upon the physical character- 
istics of the aggregates. 

AxiaUCompression Stability Test: 

Suggestions made by the Public Roads 
Administration® furnished the stimulus 
for developing and applying this type of 


aggregate but not adhering tightly to it. 
It is essentially a stability test in which 
the stability of a bituminous mixture is 
measured by unconfined compression 
along the axis of a cylindrical specimen. 
In order to simulate ^ field conditions, 
companion specimens are tested for 
stability in an unsoaked state, and after 
having been soaked for prescribed pe- 
riods of time. See the appendix for 
further discussion of this method of 
test for evaluating stripping tendencies 



Fig. 3. — ^View of Laboratory Pugraill Used in Preparing Bituminous Mixes. 


test to the problem of evaluating ad- 
ditives used to promote the wetting 
power and anti-stripping properties of 
bitumens. At the time the method was 
initiated, it was considered particularly 
useful for evaluating those mixtures 
where stripping induced by the conven- 
tional methods was not a visual physical 
actuality, yet where there might be 
incipient stripping, that is, where the 
film of bitumen might be covering the 


«From unpublished data, subsequently published in 
Public PcadSt Vol. 24, No. 5, under title Test for 
Determining the Effect of Water on Bituminous Mix- 
tures,’* by J. T. Pauls and H. M. Rex. 


between bitumens and aggregates, and 
for details covering the development of 
the following procedure which was 
adopted: 

1. Aggregates were synthetically 
graded from | in. to No. 80 (Table I), 
and 4000-g. batches weighed out. Sur- 
face-wet aggregates were soaked for 24 
hr., drained of excess free water, and per 
cent surface moisture determined before 
they were placed in the mix. (Surface 
moisture ranged from 9 to 12 per cent, 
depending upon character of the aggre- 
gate.) 

2. All batches were mixed in a small 
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Fig. 4.— View of 3-in. Specimen Molds. 


laboratory single pugmill (Fig. 3) for 
approximately two minutes or until the 
aggregate was coated, if it could be 
coated. The bitumens were heated in 
accordance with standard practice, as 
was the dry aggregate which was mixed 
with AC-8 asphalt. AC-8 asphalt mix- 
tures were molded immediately after 
mixing and placed in a forced draft 
cabinet at 77 F. RC-2 and MC-2 cut- 
back asphalt mixes were cured at a 
temperature of 140 F, in a forced draft 
oven, respectively for 24 and 48 hr., 
after which they were brought to room 
tehiperature, molded, and placed in the 
constant temperature cabinet at 77 F. 
Figure 2 shows a view of molded speci- 
mens in the cabinet. 


TABLE I.-GRADATION OF AGGREGATE FOR 
BITUMINOUS MIXES. 


Sieve Size 

Passing, per cent 

Itl.. 

100 

in 

86 

No, 4 

62 

No. 10 

• 46 

No. '40..' 

23 

No, 80 ............ 

0 




3. The specimens were compacted to a 
heightof 3 in. in 3-m. cylindrical molds by 
double plunger action (to insure uniform 
density), under a load of 2000 psi. for 2 
min. Figures 4 and 5 show views of the 
molds used and of the compacting press. 

4. Density and percentage absorption 
of the specimens were determined by 
established procedure. 

5. Specimens were made in companion 
sets of four each, half of which were 
tested for stability in an unsoaked con- 
dition and half in a soaked condition. 
Figure 6 shows the apparatus used for 
determining the axial-compression sta- 
bility of the specimens. Specimens to 
be soaked were first subjected to a 30- 
cm. vacuum in distilled water for 15 
min. and then placed in a water bath for 
24 or 48 hr. Figure 7 shows the vacuum 
apparatus used. 

6. Test results were evaluated in 
terms of stability losses or gains between 
blank as compared with blended mixes, 
and between soaked versus unsoaked 
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specimens. See appendix for detailed 
explanation. 

■ 'Discussion 

Since the physical characteristics of 
the materials involved in this investiga- 
tion tend to have a significant effect upon 
the finished mixes, the more pertinent 
characteristics were determined as re- 
corded in Tables II to V. 



Fig. 5. — Press for Compacting 3-in. Specimens 
Simultaneously at Both Ends, Using 
Double Plunger Method. 


' It is considered that absorption, sur- 
face texture, afid predominating minerals 
are the three characteristics which have 
major bearing on capacity of the aggre- 
gates for wettability and for holding a 
bituminous film in tbe presence of mois- 
ture. For example, it will be, observed 
elsewhere in the report that those aggre- 
gates having dow absorption are more 
susceptible to wetting than are the more 
porous aggregates, and that the wet, 
porous lime rocks could not be coated at 
all with the bitumens used. Surface 
texture is also a factor bearing upon 
wettability of the solid, a smooth surface 
being more readily wetted than a grainy 
one. On the other hand, the siliceous 
aggregates showed a greater aflfinity for 
water than for asphalt as evidenced by 
stripping tendencies, whereas the lime- 
stone and lime rocks tended to be at 
least feebly hydrophobic and to have 
greater affinity for asphalt, regardless 
of surface texture, This follows the 
tenet that, in general, acid minerals 
tend to be hydrophilic and base miner- 
als, hydrophobic. Although a smooth 
surface may be more readily wetted, a 
rough texture surface and/or a porous 
surface is apt to produce greater adhe- 
sion once the surface is wetted by the 
bitumen. It is evident that some of 
the factors which promote wetting are 
not advantageous from standpoint of 
adhesion, and a number of factors which 
tend to retard wetting may greatly in- 
crease adhesion . See Table II for physi- 
cal characteristics of the aggregates. 
The effect of admixtures on the bitu- 
mens is shown in the physical analysis 
of bitumens and bituminous blends in 
Tables III, IV, and V. It will be noted 
that penetration and viscosity were the 
important characteristics most affected 
by the additives, the penetration of 
blends being increased in the majority 
of cases to an extent which failed speci- 
fied limits; and viscosity in most cases 
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Fig* 6. — Compression Machine for Measuring Stability of 3-m. Specimens. 



Fig. 7.— Vacuum Apparatus for Deaerating Specimens. 
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TABLE II.—PHYSICAL CHARACTERISTICS OF AGGREGATES. 




Specific Gravity 


Absorption, 
per cent 

1 

Los 

Angeles 
Abra- 
sion, 
Loss, 
per cent 



Aggregate 

Bulk 

(dry) 

Bulk 

(saturated) 

Apparent 

Predomi- 

nately 

Surface Texture 


Coarse 

Fine 

Coarse 

Fine 

Coarse 

Fine 

Coarse 

Fine 



Limestone 

2.69 

2.57 

2.70 

2.60 

2.73 

2.67 

O.S 

1.4 

19.6 

Calcareous 

Smooth and dense 

Granite.... — .... 

2.66 

2.52 

2.67 

2.66 

2.69 ! 

2.72 

0.5 

0.7 

34.9 

Siliceous 

Granitoid crystals 
are smooth 

Pit-rim gravel. ..... 

2.59 

2.62 

2.61 

2.65 

2.64 

2.69 

0,7 1 

0.8 

S0.4 

Siliceous 

Fairly rounded and 
smooth 

Quartzite 

2.54 

2.50 

2.57 

2.54 

2.61 

2.60 

1.1 

1.5 

27.4 

Siliceous 

Grainy 

Cmshed gravel 

2.38 

2.42 

2.46 

2.50 

2.57 

2.57 

2.9 

2,0 

24.1 

Siliceous 

Smooth and porous 

Lime rock (Brooks- i 
ville) 

2.44 

2.51 

2.51 

2.55 

2.63 

2.62 

3.0 

2.2 

34.3 

i 

1 Calcareous 

Smooth-coated por- 
ous 

Lime rock (Ojus) ... 

2.14 

2.44 

2.28 

2.48 

2.44 

2.55 

5.7 

2.3 

36.9 

Calcareous 

Rough — sponge- 
like 

Reef coral, 

2.06 

2.30 

2.19 

2.45 

2.36 

2.55 

6.2 

4.5 

37.0 

Calcareous 

Rough— sponge- 
like 

Angular— coated 
with iron oxide 

Sand 


2.55 


2,59 


2.65 


1.4 


Siliceous 


TABLE III.—ANALYSIS OF AC-S ASPHALT BLENDED WITH THE VARIOUS ADMIXTURES. 


Bitumen 


AC-8 

AC-8 

AC-8 , 

AC-8 

AC-8 

AC-8 

Additive 



Blank 

D 

D i 

E 

I , 

G 

Additive, per cent 

Minimum 

Ma.ximum 

None 

4 

33 

4 

3 

3 

Specific gravity at 77/77 F 

Flash point by Cleveland Open 

1.01 


1.03 

1.02 

0.99" 

1.02 

1.03 









250" 

Cup, deg. Fahr, 

400 


530 

520 

470 

600 

510 ■ 

Loss on heating of 50 g. after 








5,76" 

5 hr. at 325 F., per cent 


1 

0.06 

0.4 

0,9 

0.1 

0.1 

Penetration of 100 g. for 5 sec. 






130" 


^ 305" 

at 77 F., cm 

85 

100 

95 

135" 

305« 

i 

’ 88 


Tests of Residue 


Ductility at 77 F., cm 

100 


109-f 

* 109+ 

' too soft" 

109+ 

109+ 

100 

Penetration of 100 g. for 5 sec. 
at 77 F., per cent, 

60 


94.7 

99,3 

100 

100 

97.7 

46.0" 

Solubility in CCk, per cent . . . 

99.5 1 


99.8 

99.7 

99.9 

99.8 

99.8 

99.9 

Softening point. Ring and Ball 
method, deg. Fahr 

100 


118 

108 

85" 

110 

114 

90 

Oliensis spot test 

Negative | 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 


® Fails specified limits, as indicated. 


increased, as compared with the blank 
sample results. This is significant, and 
reflects itself in a tendency for lowered 
stabilities of unsoaked specimens made 
from bituminous mixtures in which 
blends having higher penetration are 
used. On the other hand, a few of the 
blends showed up satisfactorily in the 
analysis, but showed poor to mediocre 
performance in the stripping and sta- 
bility tests. Bitumens of relatively high 


penetration, which at the same time had 
high viscosity and which had wetting 
power, performed quite satisfactorily 
when worked into mixes which were 
tested in a soaked condition. High 
viscosity of a bitumen tends to facilitate 
adhesion, once wetting has been secured. 
* An asphalt film of low viscosity is much 
more subject to stripping from an aggre- 
gate surface, particularly if the surface 
is smooth, than is a film of high viscosity. 



' TABLE IV'.— ANALYSIS OF RC-2 CUT-BACK. AND RC-2 BLENDED WITH THE VARIOUS ADMIXTURES. 

Bitumen.. Usual Specifi- RC-2 RC-2 RC-2 RC-2 RC-2 i RC-2 RC-2 RC-2 I RC-2 RC-2 I RC-2 RC-2 RC-2 RC-2 I RC-2 RC-2 

cation | 



Fails specifications, as indicated. 
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A comparison between the viscosities of 
the blends and plain bitumens, as applied 
to the stripping tendency and stability 
of the bituminous mixtures, brings out 
this point in several instances. 

The additives were mixed with the 
bitumens, in the percentages indicated 
before the bituminous blends were in- 
corporated with aggregate in the mixes. 

At the time this investigation was 
initiated, instructions were to expedite 
it in every manner possible to the end 
that the results, if favorable, could be 


bituminous mixtures. Subsequently, 
the situation became less exigent due to 
cessation of hostilities and more time 
could be given to developing the test 
along more realistic lines. Conse- 
quently, a sufficient number of prelim- 
inary mixes was then prepared for each 
admixture to determine the minimum 
amount required with RC-2 cut-back 
asphalt to obtain wettability of surface- 
wet aggregates and substantially to 
arrest stripping action of bituminous 
films from surface-dry aggregates. RC- 


TABLE V,— ANALYSIS OF MC-2 CUT-BACK BLENDED WITH THE VARIOUS ADMIXTURES. 


Bitumen 


MC-2 

MC-2 

MC-2 

MC-2 

MC-2 

MC-2 

Additive 



Blank 

F 

E 

B 

I) 

G 

Additive, per cent 

Minimum 

Maximum 

None 

4 

4 

3 

4 

■ 3 

Specific gravity at 77/77 F 

Flash point by Tag Open Cup, 



0 961 

0.960 

0,961 

0.959 

0.961 


deg, Fahr 

150 


158 

156 

164 

134« ! 

134" 

112" 

Saybolt furol viscosity at 140 F.. 
Distillation, total per cent by | 
volume of total distillate 

100 

200 

139 

335 

136 

138 

140 

439 ■ 

to 374 F 



2.1 

6.0 

0.0 

0.0 

0.0 

b.o 

to 437 F 


io 

8.5 

16. 0« 

9.3 

8,3 

7,7 

17.0" 

to 500 F 

15 ■ 

55 

29.8 

40.0 

30.2 

' 35.4 

46.2 

52.8 

to 600 F 

Residue from distillation to 680 

60 

87 

72.5 

72.0 

69.8 

70.8 

65.4 

83.0 

F. by volume, per cent 

67 


76.5 

75.0 

78.5 

76.0 

74.0 

73.5 


Tests of Residue 


Ductility at 77 F.» cm 

Penetration of 100 g. after 5 

100 


103 

109+ 

(1)«.6 


85" 

109+ 

sec. at 77 F 

120 

300 

286 

300+ 1 

300+" 

300+" 

300+« 

265 

Solubility in CCU, per cent 

99.5 


99.9 

99.9 1 

99.9 

99.9 

99.9 

99.9 

0 Hem is spot test. 

Negative | 

Neg. 

Neg. 

Neg, 

Neg. 

■ Neg. 

Neg. 


® Fails specifications, as indicated. 

^(1) Ei^ulsifies slowly at 38. (2) Emulsifies quickly at 65. 


used in connection with bituminous 
pavement construction under adverse 
conditions in the various theaters of 
war. In order to obtain the necessary 
information as quickly as possible, dis- 
regarding economic considerations, it was 
decided to use the maximum percentages 
of the various additives recommended 
by their respective manufacturers. The- 
net result was that although practically 
all of them gave highly satisfactory 
results as measured by the static strip- 
ping test, they were largely a failure 
from the standpoint of stability of the 


2 cut-back asphalt was selected since it 
was average and it was considered that 
results qbtained with it would be in- 
dicative of results obtainable with the 
other two bitumens. Time did not 
permit making, complete tests with all 
three bitumens in this second half of 
the program, although spot tests were 
made on the other two bitumens. It 
was found that most of the achnixtures 
could be reduced in quantity from the 
maximum recommended by the manu- 
facturers, with a consequent improve- 
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ment in stability at no substantial sacri- 
jSce to stripping resistance. 

Wetting of the aggregate particle by 
the bitumen is, of course, the first pre- 
requisite in an investigation of this kind. 
If wetting is not substantially complete, 
there can be no adequate evaluation of 
stripping of bitumen film from the aggre- 
gate surface, or of stability of the mix- 
ture. In fact, there is no point in even 
considering a bituminous blend which 
will not coat the aggregate. Partial 
wetting, that is, the formation of a 
contact angle, denotes that the force of 
adhesion between the solid and the 
liquid (which tends to cause the liquid 
to spread over the surface) is less than 
the surface tension of the liquid, which 
tends to cause the liquid to gather itself 
into a drop. Conversely, wetting is 
always complete when the force of adhe- 
sion exceeds the surface tension of the 
liquid. The lower surface tension of 
bitumen over that of water sometimes 
makes it possible for it to coat a water- 
wet aggregate surface without actually 
adhering to it. This is termed coverage 
(as opposed to wetting power), and may 
be obtained without adhesion between 
the liquid and the solid. The conven- 
tional static immersion stripping test 
may not uncover this incipient condition 
and, for this reason, it was considered 
that some force should be applied to 
dislodge the film if it is susceptible to 
being dislodged. Hence the immersion- 
stability test, which is described above 
and which is considered more significant 
than a static immersion stripping test 
for properly evaluating the wetting 
power and anti-stripping properties of 
bitumens in bituminous concrete mix- 
tures. 

Of course, it is not known what the 
exact relation is between this accelerated 
test and .performance in the field, no 
more .than is it. known, what exact rela-. 


tioU' exists between accelerated labora-' 
tory freezing-and-thawing tests and 
durability of portland cement concrete 
under field weathering conditions. 
When it is attempted to simulate in the 
laboratory, by accelerated tests, such 
actions as field curing, saturation and 
soaking over a period of months or years 
in the prototype, and other phenomena 
which occur in the field, it is anybody’s 
guess as to how accurately these simu- 
lated conditions reflect field perform- 
ance. There exists a hiatus which is 
almost impossible to bridge without 
extending the program to full-scale, 
long range field tests. But while this 
laboratory test may not exactly prog- 
nosticate service behavior, it does 
furnish valuable comparative data on 
the combined effects of additives from 
the standpoint of relative wetting power, 
stripping resistance, and stability of 
bituminous concrete mixtures; since it 
simulates actual field conditions more 
nearly than do the conventional strip- 
ping test procedures, it is considered a 
more realistic procedure. Although con- 
ventional stripping tests have certain 
advantages, notably that of giving 
some indication in a relatively short 
time of the efficacy of an admixture (and 
may be quite dependable when evaluat- 
ing blends for surface treatments), and 
in serving as preliminary trial tests in 
order to obtain some idea of their action 
before starting final tests, they also have 
several serious disadvantages. Gener- 
ally, only one or two size fractions of an 
aggregate are used. This is not con- 
ducive to an accurate evaluation of wet- 
tability of an aggregate as a whole. The 
method of estimating stripping by visual 
inspection lacks precision. Correlation 
does not exist between results obtained 
by conventional stripping tests and ef- 
fect of water upon a mechanical bitu- 
minous mixture. A film of bitumen 
may be loose on a particle of aggregate 
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Conditions of testing. . 

Surface of Aggregate.. ........... 

Curing Temperature, deg. Fahr.. 

Test Temperature in Water, 24 hr., 
deg. Fahr... . . . . ... ....... 

Additives, 
per cent 

1 

Blank — 0 
Agent D— 4 
Agent E — 4 
Agent 1—3 
Agent B — 3 
Agent F— 4 
Agent G — 3 

Blank — 0 
Agent D— 4 
Agent E — 4 
Agent 1—3 
Agent B — 3 
Agent F— 4 
Agent G — S 

Blank^ — 0 
Agent D— 4 
Agent E^ — 4 
Agent I — 3 
Agent B — 3 
Agent F — 4 
Agent G — 3 

Blank — 0 
Agent D — 4 
Agent E^ — 4 
Agent I — 3 
Agent B— 3 
Agent F — 4 
Agent G — 3 

Blank — 0 
Agent D— 4 
Agent E — 4 
Agent I — ^3 
Agent E~3 
Agent F— 4 
Agent G— 3 

Aggregates 
r - 

Crushed gravel. . . 

Quartzite........ 

Pit-run gravel ... 

Granite, 

Lime rock ....... 

(Brooksville) 
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and yet maintain its continuity under 
the usual stripping test — its lower sur- 
face tension is a factor which may make 


the siliceous aggregates and the Brooks- 
ville lime rock are (to all intents and 
purposes) hydrophilic for the bitumens 


TABLE VIL— MINIMUM PERCENTAGES OF ADDITIVES TO PROMOTE WETTING POWER OF EC-2 CUT- 
BACK MIXED WITH DIFFERENT TYPES OF SURFACE-WET AGGREGATES. 

Modified Oberbach Stripping Test Results, in per cent, fat 100 F. water temperature) included. 


Additive and stripped 


(Absorption of Aggregate, per 
cent). 



0.5 

0.7 

3.0 

3.0 

0 

0 

1.25 

3.0 

0 

0 

5.0=h" 

3.0 


5 

3.0 

3,0 

5 

0 

3.5 

3.5 

0 

10 

3,0 

4.0 

5 

0 

3.0 

4.0=b'* 

5 

40 

4.5=b® 

4.Sdb" 

95 " 

100 ” 



Lime 

Crushed 

Rock 

Gravel 

(Brooks- 


ville) 

3.0 

3.0 



Agent F 2.5 

stripped 0 

Agent G 3.0 

stripped 30 

Agent H 4.S=b® 

stripped 

No additive, stripped 100 


" Did not coat satisfactorily (less than 00 per cent). Varying the per cent additive as much as 2 per cent in this range 
had no appreciable effect on wettability. 

Note;— No reasonable amount of any of the additives would promote wetting power of AC-8 asphalt with surface- 
wet aggregates, nor that of RC-2 with the porous, wet Ihne rocks. In general, to H per cent leas additive is required 
for MC-2 than for RC-2 to promote weUing power; this cut- back could be made to coat all wet aggregates with use of all 
admixtures, except for agent H with pit-run gravel, and the porous lime rocks, and except for agent C with calcareous 
aggregates. 


TABLE Vin.-MINIMUM PER CENTS OF ADDITIVES TO PROMOTE ANTI- STRIPPING OF RC-2 CUT-BACK 
AND SURFACE-DRY AGGREGATE MIXES, 


Stripping tendency measured by the Modified Oberbach Test in pei cent at 100 F. water temperature. 


Additive and stripped 

Pit- Run 
Gravel 

Quartzite 

Crushed 

Gravel 

Granite 

Limestone 

Lime 

Rock 

(Brooks- 

ville) 

Lime 
Rock 
to jus) 

Reef 

Coral 

Agent A 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

O.S 

stripped.... 

0 

0 

0 

5 

S 

0 

10 

S 

Agent B 

0.5 

O.S 

O.S 

0.5 

0.5 

0.5 

O.S 

O.S 

stripped 

5 

5 

10 

5 

5 

S 

5 

10 

Agent C 

0,5 

O.S 

O.S 

0.5 

O.S 

0.5 

0.5+ 

1,5 

stripped 

0 

5 

10 

0 

5 

5 

25 

5 

Agent D 

O.S 

0.5 

0.5 

0.5 

0.5 

O.S 

O.S 

0.75 

stripped.. 

5 

5 

10 

15 

5 

5 

IS 

10 

Agent E 

0.5 

0.5 

O.S 

O.S 

1 0.5 

O.S 

C.5 

0.75 

stripped. 

0 

5 

10 

5 

5 

5 

s 

S 

Agent F 

1.0 

1.0 

1.0 

1.5 

1.0 

1.5 

1.0 

l.S 

stripped.... 

s 

5 

i 5 

IS 

5 

5 

5 

IS 

Agent H . 

0.5 

O.S 

O.S 

O.S 

O.S 

0,5 

0.5 

1.0 

stripped.... 

5 

5 

1 10 

10 

0 

5 

10 

IS 

Agent G 

4.0+® 

4.0-i-« 

1 4.0-F® 

4.0+“ 

4.0 

4.0 

2.S 

2,S 

stripped...., 

No additive, stripped 

70 

60 

1 90 

SO 

10 

20 

5 

5 

75 

75 

! 100 

95 

20 

35 

45 

65 


* 4 to 5 per cent of agent G would not appreciably improve resistance to stripping of the siliceous aggregates. 

^ Note:- These same percentages, or slightly less, are equally effective with AC-8 asphalt. With MC-2 cut-back 
the above percentages have to be increased about } 4 . per cent to hold stripping action to par with that of RC-2. 


it possible to coat the surface-wet ag- used, the reef coral, limestone, Ojus 

gregate under favorable conditions with- lime rock and Eglin sand are hydropho- 

out actually adhering to it (coverage). hie with AC-8 asphalt and part of them. 
It is noteworthy that, although all of when surface-dry, with RC-2 cut-back 
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asphalt; yet, these foiT aggregates are 
definitely hydrophilic with MC-2 cut- 
back asphalt, and with RC-2 cut-back 
asphalt when they are surface-wet. 
From, this, it would seem that the terms 
hydrophobic and hydrophilic are rela- 
tive terms and dependent, among other 
things, upon the type of bitumen used 
and the surface condition of the aggre- 
gate* 

Summary 

Typical results of wettability, strip- 
ping, and immersion-stability tests are. 
given in Tables VI to XIII, inclusive. 
To show in detail all results obtained 
would require more space than is justi- 
fied in this paper, especially in view of 
the fact that the materials are anony- 
mous. Summarized below are results 
as reftected by the data obtained from 
the laboratory tests. 

Table VI shows in detail the Oberbach 
stripping characteristics of admixtures 
tested during the initial stage of the 
investigation. This table represents the 
first series of tests made, being completed 
before it was fully realized that the 
static stripping test fell short of giving a 
realistic answer. It will be observed 
that this table gives results with maxi- 
mum percentages of the different agents. 
Agent G is the only one of the additiv'es 
which showed up poorly in this test. 

Table VII shows the minimum per- 
centages of the different agents, com- 
bined with RC-2 cut-back asphalt, re- 
quired to promote wetting power for 
that bitumen when mixed with surface- 
wet aggregates. The amounts of these 
same agents required to lend wetting 
power to MC-2 cut-back asphalt range 
from I to I per cent less. No reasonable 
amount of any of the agents would pro- 
mote wetting power of the AC-8 asphalt 
when mixed with surface-wet aggregates. 
In a few instances,. notably with 33 per 
cent of agent D blended with AC-8 


asphalt for coating wet Brooksville lime 
rock, wetting power of the asphalt ce- 
ment w^as achieved; this, however, at the 
cost of practically all adhesion and sta- 
bility of the mix. This may be due to 
the fact that, while low viscosity in an 
asphalt aids the wetting of an aggregate, 
high viscosity and lowered penetration 
are important deterrents to film strip- 
ping and low stability. None of the 
agents tested, used in amounts approach- 
ing 5 per cent, w^ould promote wetting 
power of the cut-back asphalts when 
mixed with wet, porous lime rocks. 
The results of the modified Oberbach 
stripping test, as evaluated by samples 
tested at a water temperature of 100 F., 
are included in the table. All the agents, 
except G and Hh showed good results as 
measured by that test. This test con- 
dition, static immersion after 24-hr. 
curing at 77 F., was chosen as the basis 
of comparison since it was considered 
more realistic than either the “no cure’V 
method or the cure and immersion at 
140 F. 

Table VTII shows the approximate 
minimum percentage of each admixture 
for promoting anti-stripping of RC-2 
cut-back asphalt from the different ag- 
gregates in a surface-dry state. Agent 
G was the only additive which, when 
used in reasonable amounts, did not 
seem to overcome the tendency of the 
bitumen to strip. MC-2 cut-back as- 
phalt requires approximately | per cent 
more admixture than does RC-2 cut- 
back asphalt in order to perform in the 
same manner. AC-8 asphalt requires 
about the same amount of admixture as 
does RC-2 cut-back asphalt. 

Tables IX through XIII show typical 
results of the axial-compression stabil- 
ity tests for surface-wet and surface- 
dry aggregates, both for soaked and 
unsoaked specimens. The entire set of 
tabular results, 16 tables, is too volumi- 


TABLE IX.— SUMMARY OF AXIAL COMPRESSION STABILITY TESTS ON SOAKED AND UNSOAKED SPECIMENS (GRANITE). 



i Stripping tendency, loss of strength of 

i ^ soaked specimens, per cent. 

i Stability retained, based on dry blank 
strength, per cent 
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Fig. 9.-”AC-'8 and Pit-Run Gravel Mix. 

A is without admixture. Note almost complete stripping of coarse aggregate after 24-hr . soaking 
B is treated with agent I. This view is typical of the more effective admixtures. 



TABLE XI.— SUMMARY OF AXIAL COMPRESSION STABILITY TESTS ON SOAKED AND UNSOAKED SPECIMENS (PIT-RUN GRAVEL). 
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Agent I for asphalt cement and agent B for cut-backs. 



TABLE Xn— SUMMARY OF AXIAL COMPRESSION STABILITY TESTS ON SOAKED AND UNSOAKED SPECIMENS (BROOKSVILLE LIME ROCK- 

INDICATIVE OF OJUS LIME ROCK AND REEF CORAL). 




TABLE XIII.—StJMMARY OF AXIAL COMPRESSION STABILITY TESTS ON SOAKED AND UNSOAKED SPECIMENS. 

Quartzite 
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Eous to inckde in this paper. However, 
any reader interested in the resuits in 
greater detail may obtain copies of the 
other tables from the author. Figure 8 
shows a view of one group of specimens 
in the water bath, one set of which had 
disintegrated; and Fig. 9, a typical sec- 
tion of treated and untreated companion 
specimens after they had been broken 
in the compression machine. 

Another phenomenon encountered was 
that those agents which promoted great- 
est wetting power, or which had to be 
used in relatively large amounts in order 
to promote wetting power of the bitu- 
men, seem to slow up the curing process 
of the bitumen in bituminous mixtures. 
This may be due to some inhibitory ef- 
fect of the admixture upon the original 
physical characteristics of the bitumen 
or it may be that surface moisture on 
the aggregate is entrapped more com- 
pletely, thus slowing up the curing 
process. In any event, it appears that 
the element of time is an important fac- 
tor in developing maximum adhesion 
between an aggregate and a bitumen. 
It follows that a fresh asphalt film may 
not develop sufficient adhesion to an 
aggregate to prevent it from stripping 
in the presence of water, whereas if 
protected from the action of water for a 
sufficient length of time it may become 
highly resistant to stripping. 

Comments not generalized above, and 
covering specific points of each additive, 
follow: 

Agent A . — ^This was one of the most 
effective agents tested, in spite of the 
fact that the quantity used is many 
times that recommended by the manu- 
facturer (the manufacturer advised that 
this additive, and agents C and H, 
would be effective when used in the 
amount of 0.03 to 0.07 per cent). 
Stripping resistance as measured by the 
modified Oberbach test was good. In 
general, the stability of mixtures in which 


this agent was used (in amounts ranging 
from 0.5 per cent with surface-dry' aggre- 
gates to 4.5 per cent with surface-wet 
porous lime rocks) was satisfactory, 
except with the wet pit-run gravel and, 
of course, with the wet, porous lime 
rocks. The relatively high penetration 
of the blend (Table IV), plus the fact 
that the pit-run gravel was rounded, 
probably accounts for the low stability 
of that mix. Mixes in which a 3 per 
cent blend was used with the other Sili- 
ceous materials, and with the limestone, 
were satisfactory. 

Agent B.'—ln general, comments made 
in the above paragraph apply to this 
additive. It is equally, if not slightly 
more, effective than is agent A, es- 
pecially with the surface-wet aggregates. 

Agent C. — ^This agent, used with the 
bitumens tested, would not lend wet- 
tability to any of the surface-wet cal- 
careous aggregates, nor was it effective 
from the standpoint of stability with 
wet pit-run gravel. It was effective, 
however, in promoting anti-stripping of 
dry aggregates, and was effective from 
the standpoint of wetting power, sta- 
bility, and anti-stripping for the surface- 
wet siliceous aggregates, except pit- 
run gravel. 

Agent D . — This agent was quite satis- 
factory for promoting anti-stripping 
when used with the dry aggregates; and 
with all surface-wet siliceous aggregates 
except pit-run gravel, which failed in 
stability. Increased penetration of the 
blend, plus the fact that pit-run gravel 
is rounded, may account for this. 

Agent E . — Comments made for agent 
D apply generally to this agent, except 
that it had to be used in larger quantities 
with the surface-wet aggregates m order 
to promote wetting power. 

Agent F.— The amount of, this agent 
had to be increased all' along , the line to 
promote wetting power and stripping 
resistance of the- bitumens. It was the 
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only additive which was effective with 
surface“Wet pit-run gravel from the 
standpoint of stability^ in spite of the 
fact that it increases penetration of the 
bitumen* It was relatively inefficient 
in lending wettability to the crushed 
gravel. Otherwise, this agent is about 
on a par with agent D . 

■ G.— This additive proved gen- 

erally unsatisfactory in most respects 
with most of the aggregates. When used 
in amounts approaching 5 per cent it 
would not lend wettability to many of 
the surface-wet aggregates; nor promote 
stripping resistance when used with 
siliceous aggregates. Results with MC- 
2 cut-back asphalt indicate that if the 
agent were blended with less viscous 
cut-back asphalts it might lend wet- 
tability to certain surface- wet aggregates, 
not obtainable with the more viscous 
bitumens. 

Agent £r.— This agent is effective with 
the surface-dry aggregates. When used 
in amounts approaching 5 per cent it 
will not promote wettability of any of 
the surface-wet aggregates. For this 
reason it could not be evaluated from 
the standpoint of stripping tendency 
and stability of the wet aggregate mixes. 

Agent J. — ^This agent is used only in 
conjunction with asphalt cements. The 
most satisfactory approximate amount 
for use with all the aggregates except 
porous lime rocks which require some 2 
to 3 per cent of the additive for best 
performances is 0.5 per cent with AC-8 
asphalt. In common with other ad- 
ditives, it will not promote the wetting 
power of the asphalt cement (AC-8) for 
coating surface-wet aggregates. 

Accelerated freezing-and-thawing 
tests, conducted at two cycles and spot 
checked at 25 cycles, did not show any 
significant effect on the stripping proper- 
ties of the admixtures. 

Tables X, XI and XIII contain in- 
formation on specimens soaked, in water, 


respectively, for 26, 12, and 60 days. 
Table XI shows no appreciable differ- 
ence in results between 48-hr. and 12- 
day soaking periods. Table XIII is of 
considerable interest in that it shows a 
comparison of results for companion 
specimens soaked, respectively, 48 hr, 
and 60 days. It shows that, although 
the blank mixes tend to deteriorate 
rapidly with time when subjected to 
moisture, ‘ there is considerable benefit 
to be derived from the use of certain 
admixtures under similar conditions, in 
that this deterioration is arrested, or at 
least slowed down. This is particu- 
larly remarkable with an aggregate hav- 
ing the characteristics of the granite 
used in these tests — although the blank 
mix with this aggregate disintegrated, 
the blended mixes with the more effec- 
tive admixtures held up well for the 
period of test. Whether they would 
hold up as well for 600 dayte, or 6000 
days, is a moot question which could be 
answered only by making actual long- 
range field tests. But when it is con- 
sidered that 60 days of continuous soak- 
ing may well simulate many times that 
age of normal field moisture conditions 
of alternate wetting and drying, the test 
offers encouragement. The results indi- 
cate that the accelerated soaking test 
has considerable merit in pointing the 
way ai;d making a laboratory evaluation 
of an admixture which is being con- 
sidered for use as a wetting and/or anti- 
stripping agent. 

Conclusions 

Within the limits of the tests reported 
herein, and keeping in mind that no 
known correlation has been established 
between field performance and acceler- 
ated laboratory tests on this type of con- 
struction material, it is concluded that: 

1. Conventional static immersion 
stripping tests, per se; not only do not 
tell the full story for plant-mixed bitu- 
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minous concrete but may even lead (if 
used alone) to a favorable report on an 
anti-stripping admixture when, as a 
matter of fact, this agent might do more 
harm than good in a bituminous concrete 
mix. The use of a selected additive for 
a given type of aggregate without suffi-- 
cient preliminary examination of the 
finished mixtures may produce unsatis- 
factory results. 

2. None of the additives tested, when 
used in amounts optimum for stability 
and stripping resistance, will promote 
wetting power of asphalt cement in the 
consistency range covered, for coating of 
surface- wet aggregate; nor the wetting 
power of the cut-back asphalts tested for 
coating the wet, porous lime rocks. 
(Indications are that some of the agents 
will promote the wetting power of lighter 
bitumens, to the end that they might 
satisfactorily coat most types of surface- 
wet aggregates.) 

3. When used in conjunction with 
surface-dry aggregates, all of the agents 
(except agent G with siliceous aggre- 
gates) promote wetting power, stripping 
resistance, and stability of bituminous 
mixtures. 

4. In general, when used in conjunc- 
tion with surface-wet aggregates, agents 
A, B, and C are the most effective of the 
additives tested, subject to the limita- 
tions noted in (3) above. Agents D and 
F are only slightly less effective, the 
latter being the only additive which was 
effective with the wet pit-run gravel. 
Agents G and H are the least effective 
additives. It is very evident that, in 
some cases, the satisfactory use of an 
additive is limited to certain types of 
aggregates and under certain conditions. 

5. Relatively high percentages of ad- 
ditives added to bitumen as materials 
may have detrimental effects on their 
physical characteristics. 

6. The terms “hydrophilic^' and “hy- 
drophobic'^ should not be associated un- 


reservedly to a given aggregate for all 
conditions. The results suggest that an 
aggregate might be hydrophilic to a given 
grade of bitumen, yet be hydrophobic to 
another, or it might be hydrophilic, when 
surf ace- wet, to a bitumen— yet be hy- 
drophobic when used in a dry state with 
that same bitumen, 

7. Further research work by the 
manufacturers is in order to increase the 
efficiency of additives and develop more 
definite methods of use under varying 
conditions. 

Note.— While not proven in this investiga- 
tion, results of laboratory tests indicate that 
those additives which promoted wetting power 
and stripping resistance could be expected to be 
beneficial in penetration-type bituminous con- 
struction. 

The thought is offered that, until such 
time as some dependable method has 
been widely accepted and standardized 
for general use, the axial-compression 
strength stability test on soaked as com- 
pared with unsoaked specimens may be 
useful as a wetting power and stripping 
tendency laboratory test for evaluating 
admixtures proposed for use in bitumi- 
nous plant mixtures; also, that it be 
viewed in the light of a quasi field test, 
stipulating that long-time soaking tests 
be conducted in the laboratory as a 
check on accelamted soaking tests. 
The merit in using this as a quasi field 
test is that it can save much large-scale 
field investigation work, and should re- 
veal as much, if not more, information 
than abbreviated field investigations. 
The conventional stripping test could 
be used as an indicative trial test for 
obtaining information of a preliminary 
nature for application to the immersion- 
stability test, and as an indication with 
reference to penetration-type construc- 
tion. 
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APPENDIX 


Descmmion Of Axul-Compression 
Stabilit’k Test 

The first step in developing this phase 
ol the program was to establish criteria for 
accelerated testing which would be as realis- 
tic as practicable in so far as simulating 
actual field conditions is concerned, yet 
requires a minimum of time for laboratory 
tests. Among the problems to be solved 
were method and time of mixing, maximum 
size and grading of aggregate, size and mini- 
mum number of specimens for each con- 
dition, time and condition of preliminary 
curing, saturating and soaking of “soaked” 
specimens, and proper interpretation of 
results obtained. 

Because of the relatively large size of 
the laboratory batches, and in order to 
simulate field conditions as nearly as prac- 
ticable, it was decided to construct and use 
a small laboratory single pugmilL Nomi- 
nal mixing time was established at 2 rain., 
although it was found necessary to vary 
the time somewhat in order to produce the 
maximum obtainable degree of coating. 

The maximum size aggregate was es- 
tablished at I in., but it was not feasible 
to use a conventional job mix formula for 
reasons brought out below. The grading 
of aggregate finally dedded upon is given 
in Table 1. Each aggregate was screened 
into the individual particle sizes indicated, 
and subsequently recombined into the syn- 
thetic grading shown in the table. This 
assured a constant gradation throughout 
and, while not meeting criteria for job mix 
formulas for the different aggregates, lends 
itself more readily to uniformity and re- 
producibility of results for the type tests 
contemplated. 

Cylindrical specimens 3 in. in diameter and 
3 in. high were decided upon as being satisfac- 
tory from standpoint of ratio of aggregate 
to size of specimen^ and of conserving time 


and material in molding and testing. After 
a few trial tests it was decided that mixes 
should not be molded under a pressure 
exceedmg 2000 psi. because of danger of 
degradation of some of the softer aggre- 
gates. Consequently, all specimens were 
compressed by double-plunger (freely mov- 
ing pistons at both ends of the mold) at 
2000 psi. The double-plunger method as- 
sured a substantiaEy uniform density 
throughout the specimen* Preliminary 
tests indicated sufficient uniformity and 
reproducibility as to warrant making only 
four specimens to a set. 

Another expedient resorted to in order 
to speed up laboratory tests was to accel- 
erate the curing of the mixtures. As the 
result of a limited number of preliminary 
trials it was decided to cure the cut-backs 
in a forced-draft oven at 140 F*, allowing 
24 hr. for the RC-2 cut-back asphalt and 
48 hr. for the MC-2 cut-back asphalt. 
The mixtures were cured in a loose state, 
and allowed to cool to room temperature 
before molding. AC-8 asphalt required no 
preliminary curing and was molded, while 
hot, immediately after mixing. 

The most difficult problem was that of 
trying to establish a suitable method for 
obtaining substantially complete satura- 
tion in a very short period of time so that a 
nominal soaking period (of the order of 24 
to 48 hr.) could be obtained without delay. 
It was a foregone conclusion that a mixture 
which was tight enough to have measur- 
able strength under the worst conditions 
would take days, and perhaps weeks, of 
continuous immersion at atmospheric pres- 
sure in' water to become sufficiently satur- 
ated so that effective soaking could begin 
to take effect. On the other hand, it was 
feared that a condition of vacuum high 
enough to accelerate saturation of tight 
specimens might at the. same time have an 
adverse effect upon their structural prop- 
X404 
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erties. The problem, therefore, ' was ' to 
strike a proper balance between density of 
mix and a vacuum which was sufficiently 
low so that it had no appreciable adverse 
effect upon the structure of the specimen. 

The problem was simplified somewhat 
since relative, not absolute, values were 
required. AC-8 asphalt was used with dry 
Brooksville ' lime rock for the preliminary 
trial tests. A 97 per cent density mix was 
obtained with a typical surface-course job 
mix formula. A 92 per cent density mix 
was produced by a straight line grading 
from I in. to No. 40 aggregate. Grada- 
tion for a 95 per cent density mix followed 
the typical job mix formula curve down to 
No. 10 size, and assumed a straight line 
grading from there to zero per cent passing 
the No. 80 sieve. It was the latter grada- 
tion which was finally decided upon. It 
was found that the tight mix immersed in 
water at atmospheric pressure was not 
affected appreciably even at the end of 9 
days, and that action at that stage was 
decelerating. On the other hand, although 
relatively quick action was possible with 
the 92 per cent density mix, its strength 
range was considered too low for measurable 
results of stability where cut-back asphalts 
would be mixed with surface-wet aggregate. 
Further, even with this low density, com- 
plete saturation was not possible under 
several days, unless the mix was first sub- 
jected to a vacuum. 

As a result of the relative effects of a 
76-cm. vacuum, for periods ranging up to 
an hour, on the tight and loose mixes, it 
was decided to try modified vacuums for 
short periods on a 95 per cent density mix. 
The high vacuum on the tight mix might 
have proved satisfactory were it not for 
the fact that in the process of evacuating 
air from the specimen it also pulled water 
from around the saturated and surface-wet 
aggregate particles, and ruptured the bitu- 
minous film in the process. On the other 
hand, a vacuum as low as 15 cm. removed 
only a negligible amount of air from the 
specimens. In the final analysis, with the 
limited amount of time which was avail- 
able for this one research problem, it was 
decided that fairly satisfactory results 
would be obtained by designing the mix 


for a density of 95 per cent, subjecting 
specimens which were to be soaked to a 
30-cm. vacuum for IS min. and immersing 
them in a 77 F. water bath for a 24-hr. 
soaking period. (The 24-hr. soaking pe- 
riod was later increased to 48 hr.) While 
this may not be the optimum condition, 
it does permit almost instantaneous satura- 
tion, which in turn makes it possible to 
obtain soaking in a minimum of time. 

Interpretation of test results involved a 
comparison between soaked and unsoaked 
specimens (considered a measure of strip- 
ping tendency) within a family group, and 
between family groups; each family group 
(all specimens for a condition of test) was 
in turn evaluated in terms of results ob- 
taibed with the blank family group. End 
results shown in the ^^tability” Tables IX 
through XIII were determined as follows: 

Stripping Tendency — per cent Loss of Strength 
of Soaked Speciemns: 

The arithmetical difference between the 
numerical stability values of unsoaked and 
soaked specimens of a family group is 
divided by the numerical stability values 
of unsoaked specimens, the result being 
percentage loss in stability resulting from 
the soaking action of water. This is con- 
sidered a “stripping tendency^’ although 
it is not necessarily an actual measure of 
stripping, per se. It is possible that factors 
other than stripping are exerting an influ- 
ence on the stability results. 

Example: Unsoaked stability — 267 lb. 

Soaked stability « 40 lb. 

Stripping Tendency = » 85 per cent 

Thus, in this particular instance (which 
happens to be a plain bituminous mix of 
MC-2 cut-back and surface-dry granite) 
the stripping tendency is 85 per cent. This 
is in general accord with the modified 
Oberbach stripping result for these same 
materials — generally speaking, this accord 
obtains throughout with most of the com- 
binations. 

Per cent Stability Retained, Based on Dry 

Blank Strength {Soaked, Unsoaked ) : 

Of course, ^ffiry blank strength” refers 
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to the axial-compression stability of mix- 
tures of bitumens (without admixtures) and 
surface-dry aggregates. Uiisoaked and 
soaked stability values of specimens in this 
family group are divided, respectively, into 
unsoaked and soaked stability values of 
specimens in other family groups, the end 
result being the ratio of stability of blended 
specimens to stability of blank specimens, 
expressed on a percentage basis. 


Example: 


Stability 

Blank 

Blend 

Un- 

soaked 

Soaked 

Un- 

soaked 

Soaked 

^ 267 

40 

173 


Stability retained, 
per cent 

Soaked 

Unsoaked 

100 

100 

65 

375 


(This example involves the same blank 
mixture which showed a stripping tendency 
of 85 per cent, above. The companion 
blend, using 4 per cent of agent D, showed a 
stripping tendency of 18 per cent.) 

While the stripping tendency, as such, 
may not be an actual measure of stripping 
in the commonly accepted sense of the 
word, it certainly shows clearly any tend- 
ency toward strength or wealmess in the 
structure of a mixture, induced by actual 
stripping action and perhaps by other fac- 
tors (such as initial adhesion induced by 
wetting power). Among other things it 
tends to seek out those incipient, or po- 
tential stripping cases where the film of 
bitumen adheres but loosely to an aggre- 
gate particle and which is not detectable 
under ordinary conventional stripping tests. 

As can be expected, there exists a general 
relationship between penetration of the 
bitumens (see Physical Characteristics, 
Tables III, IV, and V) and stability of the 
unsoaked specimens. Increased penetra- 


tion of the bitumen, everything else being 
equal, tends to reflect in lowered stability 
of the mixture in which the bitumen is 

used. 

The stability of the soaked specimens is 
believed to be a function of opposing influ- 
ences, major among them being penetration 
and viscosity of the bitumen versus tendency 
of the bitumen film to strip (or not to strip) 
from the aggregate particles. In other 
words, since the blank, or plain bituminous 
mix, is established as a datum with which 
all other mixes (blends of bitumens and ad- 
mixtures) are compared, in the fi.nal anal- 
ysis they should have equal or better 
stabilities than the datum in order to be 
acceptable for use. If an admixture, be- 
cause of increased penetration or low- 
ered viscosity induced in the bitumen 
blend by its use, produces mixtures with 
substantially lower stability than the plain 
bituminous mix itself, then it has question- 
able value. Of course, if it shows superior 
performance on specimens tested in a 
soaked condition, and such a condition is 
expected in the prototype, then any slight 
tendency toward lowered stability in the 
unsoaked specimen might well be ignored. 
Laboratory tests, unsupported by long- 
range field tests, can go only so far in devel- 
oping this point. A relatively short-range 
laboratory test might show the stabil- 
ity of a bitumen-admixture blend as being 
lower than that of the bituminous mix it- 
self; yet over a period 5f months or years 
the blend, by virtue of its greater resistance 
to stripping action might well prove its 
wwth. 0^ the other hand, the fact that 
there was no appreciable difference in re- 
sults betw'een 48-hr. soaking and 60-day 
soaking (Table XIII) is a good indication 
that the accelerated immersion-stability 
test, if used and interpreted correctly, can 
be reasonably dependable in most cases in 
prognosticating fairly accurately field per- 
formance of anti-stripping admixtures. 



DISCUSSION 


Mr. a. Holmes^ {by letter). — ^Mr. 
Sprague’s investigation on the effect of 
additives in asphalts has yielded in- 
teresting results on a currently very 
important subject. In reviewing the 
information presented there are several 
items which merit some elaboration. 

The incorporation of the additive 
changed the physical properties of the 
asphaltic product to such an extent as 
to cause it to fail to meet specifications. 
This illustrates the danger of adding the 
antistripping agent in mixing plants 
without making allowances for such 
changes. This is important since the 
stabilities of dry-surfaced aggregates 
depend upon the consistency of the as- 
phalt binder. This observation em- 
phasizes the desirability of having the 
antistripping agent incorporated at the 
refinery whereby a product meeting 
specifications can be assured. 

In addition to absorption, surface 
texture, and predominating minerals, 
adsorption undoubtedly plays an im- 
portant, if not the deciding, action in the 
wetting of the aggregate by the asphaltic 
material and the retention of the as- 
phaltic film in the presence of water. 

The terms “hydrophilic” and “hy- 
drophobic” are quite confusing when 
considering the aggregate in a wet or 
dry state. Actually all aggregates nor- 
mally encountered appear to be wetted 
by water with equal ease. One concept 
that may be advanced to explain the 
difference between the “hydrophilic” 
and “hydrophobic” aggregate surfaces 
is that water enters into direct combina- 


tion with the “hydrophilic” minoralg to 
fom hydrated compounds on the sur- 
face. It has been shown in our labo- 
ratory that the interfacial tension between 
asphalt and a hydrated (wetted) mineral 
surface is different from that for the 
dry aggregate surface. A “hydropho- 
bic” aggregate is one which does not 
combine chemically with water although 
it may be easily wetted by it. 

The modified Oberbach stripping tests 
(static immersion) were conducted tmder 
a variety of conditions; (a) immersion 
of the coated aggregate immediately 
after mixing without allowing any cur- 
ing; {b) curing at 77 F. for 24 hr. fol- 
lowed by immersion at 100 F. ; (c) curing 
at 140 1 . for 24 hr. and then immersed 
in water at 140 F.; {d) curing at 77 F. 
followed by freezing-and-thawing cycles 
before immersion in water at 70 and lOO 
F. Although no opinion is advanced as 
to which is considered the preferred pro- 
cedure, the data presented indicate that 
immersion at 140 F. is by far the most 
severe. The excessive stripping results 
obtained with the cutback asphalts at 
this temperature of immersion suggest 
that this immersion temperature should 
be applied only to asphalt cements and 
that a more moderate temperature is 
better suited for the cutback asphalts. 
An immersion temperature of 100 F. fol- 
lowing curing at 77 F. appears a little 
unusual, wheres the reverse would 
appear more logical. 

The paper favors the axial-com- 
pression stability test over the static 
.immersion or modified Oberbach test 
because from the static immersion test 


3tEsso Laboratories, Process Div., Standard Oil De- 
velopment Co., Elizabeth, N.J. 
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there may result favorable report on 
an antistripping admixture when, as a 
matter of fact, this agent might do more 
harm than good in a bituminous concrete 
This opinion is somewhat at 
variance with that expressed in another 
part of the paper discussing the measure- 
ment of stripping resistance by the com- 
pression test in which it was concluded 
“this is in general accord with the modi- 
fied Oberbach stripping result for these 
same materials — generally speaking, this 
accord obtains throughout with most of 
the combinations.” However, no 
specific tests performed with the same 
aggregate treated in the same way for 
comparing the static immersion and 
axial-compression tests are recorded in 
this paper so that the preference of the 
author for the compression test must be 
based on other considerations than those 
contained in the given experimental 
data. Until such information is made 
available, it may be concluded .that the 
results of the static immersion test are 
at least equal in value to those from the 
axial-compression. 

In common with most work on asphalt 
additions, the laboratory results have 
not yet been correlated with field ex- 
perien ce. This situation has been amply 
described by the author. 

Mr. Walter C. Ricketts^ (by letter), 
—While the prime objective of the over- 
all investigation was in connection with 
war, the laboratory study of antistrip- 
ping admixtures discloses that the work 
accomplished is applicable to asphalt 
pavements constructed in time of peace. 

It is believed that a careful digest of the 
paper merits the following deductions: 

(rz) There is a need for a standard 
laboratory method which has been 
properly correlated among cooperating 
laboratories for reproducibility to eval- 
uate the efficiency of an antistripping 
agent under varying conditions. 

® Corps of Engineers, TJ. S. War Dept., Washington, 
D. C. 


{b) Terms such as ^Vetting power” 
used by the author and others applicable 
to antistripping agents require standard- 
ized definitions. For instance, the usual 
meaning of the terms “hydrophilic” 
and “hydrophobic”, when applied to wet 
aggregates as compared with dry ag- 
gregates may be misleading. 

{c) Any investigator who is con- 
templating a laboratory study of a given 
additive should base his evaluation of the 
additive efficiency by comparing the 
asphaltic mixture to be used in the con- 
struction with the same mixture in which 
the additive has been properly in- 
troduced. This will permit the ag- 
gregate as a whole to be considered, 
as well as any detrimental effects that 
the additive may have on the physical 
characteristics of the asphaltic material, 

(d) The laboratory study has pro- 
vided much valuable information which 
may serve as a guide for subsequent 
investigations. 

Mr. L. C. Krchma^ {by leMer),— 
Mr. Sprague’s paper is a most welcome 
addition to our knowledge on stripping 
and water resistance. We heartily agree 
that the conventional stripping tests are 
inadequate and accordingly we were 
interested in comparing his results in this 
report with similar ones reported by 
Krchma and Loomis.'® Over and above 
this, Mr. Sprague^s paper affords us an 
opportunity to examine the validity 
of the W» constant developed in the 
paper mentioned above. It permits us 
to examine additional phases of quanti- 
tative water-resistance determinations 
and, finally, it allows further study of the 
antistripping agent problem and the 
often unrecognized complications that 
exist. 

The constant referred to above was 


, ‘White Eagle Div., SoconyWacuuiia, Oil Co., loc., 
Eansas City, Mo 

‘ L. C. Krchma and R. J. Loomis, ^^Bituminous-Aggre- 

f ate Water Resistance Studies,*’ Froceedimst Assn. Asphalt 
'aving Technologists (1943). 
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based on the work reported in 1943 
employing testing techniques essentially 
those used by Mr. Sprague here and by 
Messrs, Pauls and Rex.® At that time 
the relation of the water-susceptiBility 
constant referred to as W» was developed. 
This constant was the rate at which a 
bituminous surface lost bearing capacity, 
expressed as the reciprocal of the com- 
pressive strength in pounds per square 
inch. As the reciprocal of the com- 
pressive strength plotted against im- 
mersion time was a straight line, this 
constant represented the slope of this 
line and could be expressed by Eq. 2 
of our 1943 report,^ or as suggested by 
Mr. Holmes in his discussion of the 
paper. 


where is the water-susceptibility 
constant, Co the initial compressive 
strength in pounds per square inch, and 
C the compressive strength after t days 
of water immersion. The advantage of 
this approach is that the time of water 
immersion is taken into consideration. 
W 9 also seems to lend itself better to the 
necessary analysis of the many var- 
iables. This work was done because it 
was felt a more direct method of deter- 
mining water resistance was necessary, 
in keeping with the better design of 
highway surfaces now required. 

Since Mr. Sprague reports stabilities 
of identical systems after saturating and 
24 and 48-hr. immersions, it is interesting 
to note that in several instances the con- 
stants calculated for both conditions 
were of the same order of magnitude as 
would be expected if the Ws constant 
were valid. Table X, values of RC-2 
bound dry pit run gravel, gives cal- 
culated values of the IF ® constant for 
the 24 and 48-hr. immersion times of 


* J. T. Pauls and H. M. Rex, ■ Test for. Determining 
the Effect of Water on Bituminous Mixtures*” Bur. Public 
Roads* Voi. 24, p. US (194S). 


0.012 and 0.011, respectively. Gn the 
other hand, RC-2 bound quartzite, 
Table XIII values of 0.0014 and 0.011 
for 24 and 48 hr., show poor agreement. 
But an examination of the data shows the 
dry blank stabilities for the 24 and 48 
hr. as 1131 and 750, respectively. Such 
differences in the initial strengths place 
the weaker specimens at a disadvantage 
and result in higher susceptibility. 

The MC data also tend to show 
deviations. This is quite likely due to 
the lower strengths of the specimen. 
It was felt at the time the IF« constant 
was originally proposed that the limita- 
tions of the simple compressive strength 
test required emphasis on compressive 
strengths that were higher than 50 
psi. (This would correspond to 350- 
lb. stabilities as reported by Mr. 
Sprague.) It seems we were too con- 
servative, as recent data indicate that 
compressive strengths below 50 psi. 
can occasionally be used. Still, very 
weak systems can be expected to give 
too low a compressive strength, as many 
of them are so weak as to tend to fall 
apart under their own load. Hence, the 
forces applied by the operator and re- 
ported are quite likely only a fraction of 
the forces causing failure. Under such 
circumstances the compressive strengths 
would be low and unreliable and would 
give too high a Wa- A good example of 
this is the MC-2 cutback data of Table IX, 
where the constant for 24-hr. immersion is 
0.16 and the 48-hr. value is 0.027. This 
poor agreement would be expected on the 
basis of Mr. Sprague’s observations, 
namely, that the 24-hr. specimen started 
to crack under its own weight. (In- 
cidentally, the initial strength of the 
original blank for these specimens is 
only 267 lb. as compared to 474 lb. for 
the specimen used in the 48-hr. test, 
further adding to the poor agreement.) 
In general, Mr. Sprague’s results tend to 
reaffirm our belief that the simple com- 
pressive strength test technique Qxxt 
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ployed by ourselves and also Mr. Sprague 
and others is probably adequate except 
for the weakest systems, and that the 
results can most usefully be expressed in 
terms of the Ws constant or similar. 
For weak systems, more ideal testing 
techniques seem necessary. Such tests 
would require, quoting from our original 


the Ws constants for identical specimens 
saturated and soaked versus merely 
soaked. The Ws constant was used 
because it permitted a direct comparison’ 
of systems not tested for the same im- 
mersion times; that is, 24 or 48 hr. on one 
hand and 26 or 60 days on the other. 
The data shown include all the results, 


6 Pit Run Grovel Dry Surface 
© Pit Run Gravel Wet Surfoce 
X Granite a Quartzite 

Wet. Surface i- — — 

Binder = RC-2 
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-0.003 -0.002 -0.001 0 0.001 0.002 0.003 

W$ (stripping Tendency Constant for Soaked Specimens) 

Fig. 10. — Comparison of PF« for Saturated and Immersed Immersed 
Specimens. (Based on Sprague^s paper.) 


paper, 'The use of a technique by which 
the effect of water upon the various com- 
ponents contributing to the stability of 
mix could be independently evaluated.^’ 
A stabilometer might be a solution. 

Another feature of Mr. Sprague^s 
work that is of interest regarding the 
testing technique is the acceleration im- 
parted to the system by saturating and 
immersing as compared to straight im- 
mersion. Figure 10 represents a plot of 


irrespective of the agents and quantities, 
but do not indicate the aggregate and the 
aggregate condition. Still, there are 
many types of systems and only rough 
generalizations seem permitted. The 
Ws values for saturated and soaked 
specimens for dry surface pit run gravel 
are some six to seven times larger than 
those .obtained by simple im.mersion. 

■ The wet-surfaced pit run gravel : satu-; 
rated and soaked W:s values are roughly 
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ten to twelve times the straight im- 
mersion values. The quartzite and ' 
granite data cover a very narrow range 
and, with .the exception of one value, 
indicate the saturated and. soaked Ws 
valu,es are probably ten times larger. 
It would seem, then, that the accelerated 
^ test technique employed does not .always 
give .results that are uniformly compa- ' 
rable with the straight immersion results 
without some sort' of a factor. This 
difference points up the problem ^ of 
maintaining a normal balance among 
the important factors under accelerated 
conditions. Further correlation with 
field failure may be necessary, to indicate 
which of the two techniques is -most 
reliable. 

It is interesting to note in Fig. 10, that 
the MT ratio line for saturated and soaked 
versus simple immersion passes through 
zero with fair agreement. This is 
reasonable, since 1T« is a rate of change 
of the reciprocal of the strength on im- 
mersion and it would be expected that 
the zero rate ol change would,, still be 
zero even under accelerated conditions. 
It is also of interest to note the increase 
in the strength that occurs on immersing 
some bituminous aggregate speciniens. 
Originally, when tirst noted, this in- 
crease caused us some concern. That 
these negative values for increase 
under accelerated test conditions rules 
out the possibility that these results are 
accidental and it is quite evident that 
certain systems do increase in .strength 
in the presence of water. The mecha- 
nism whereby this occurs offers interest-, 
ing opportunities for speculation. 

We note Mr. Sprague prepared speci- 
.mens by straight compression, 2000 psi. 
using a floating mold. In our work we 
had found m.arked differences in the way 
specimens swell, depending.upon whether 
compacted , by straight compression, 
2000 psi., or by vibration. .,. The explana- 
: tion .given was aggregate .failure under 


compression. We have not determined 
Wg on specimens prepared by straight 
compression but on the basis of the swell 
results we are of the opinion Wg will be 
higher and is a feature warranting some 
consideration, particularly if aggregate 
failure under compression is greater than 
under actual service. 

We should be interested in knowing 
whether the water in which Mr. Sprague 
immersed the specimens was held at 
77 F. We should be further interested 
in knowing whether Mr. Sprague had 
occasion to examine the effect of this 
water temperature on the stabilities after 
immersion. It would seem reasonable 
to assume that higher water temper- 
atures during immersion would hasten 
the loss of stability and might offer a 
means of accelerating the failure. Of 
course if the water temperature has an 
effect on the rate the specimen breaks 
down, careful temperature control is 
necessary. We have assumed that this 
is the case, but other than doing work 
at 77 F. have not gone any further. 
We should also be interested in Mr. 
Sprague’s observations on the effect of 
alternate wetting and drying cycles, 
noting whether the specimen once wetted 
returns to its original dry strength on 
drying or whether it progressively de- 
teriorates. Such an approach might 
closely simulate field conditions. Again, 
we have not had occasion to examine 
this, but believe that it offers interesting 
possibilites for investigation . 

The beneficial effect of age of the 
asphalt film on water resistance was 
commented on by Mr. Sprague. This 
feature was examined for one aggregate 
in our 1943 report,^ It showed that the 
improvement in the Wg constant— that 
is, in water resistance— was quite rapid 
the first few days, but that as the speci- 
men aged, the rate of improvement pro- 
gressively became less and tended to 
reach a limiting value beyond 100 days. 
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This represents limited information but, 
such as it is, indicates that at least a year 
under ideal conditions would be re- 
quired for a poor aggregate to reach an 



interest. Mr. Sprague’s work, I believe, 
shows some of the anomalies that cer- 
tainly exist and bears out some of the 
limited work that we have had occasion 
to do. We have found instances where 
stripping agents were not beneficial 
irrespective of the quantity of agent 
employed, and some instances where the 
agents actually made aggregates worse. 



Ws (Water Susceptibility Constant) 


Fig. 11, — Effect of Antistripping Agent Quan- Fig. 13. — Effect of Binder Consistency 

tities on IFjs. (From Sprague’s Table XII.) on tlie IF,. 



Agent, per cent 


Fig. 12. — Effect of Antistripping Agent Additives on the 
Penetration of AC-8. (From Sprague’s Table III.) 


acceptable water-resistance stage. It 
will be of interest to establish what the 
miprovement with age situation may be 
when antistripping agents are used. 

The effect of antistripping agent 
quantities is, of course, of considerable 


There did not appear to be any simple 
rules by which these agents could be used 
and it seemed that a better understand- 
ing of the situation was necessary before 
the most economic and optimum results 
would be obtained. . The data, in Table 
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Xn of Mr. Sprague’s report lent them- 
selves to examination of the effect of 
agent quantities, as the blank and the 
modified binders were tested under 
identical conditions, except for immer- 
sion times which the use of takes into 
consideration . This permitted the prep- 
aration of Fig. 11 of this discussion. 
It is evident that for agents D and I 
distinct optimum quantities are re- 
quired. Agent E indicates little or no 
improvement beyond the initial | per 
cent. 

One likely reason for the observed 
optimum is the effect the agent has on 
the consistency of the binder. The 
dotted lines of Fig. 11 represent the data 
adjusted for the change in the con- 
sistency of the binder. This was done 
on the basis of the reported changes in 
penetration per Table III of Mr. 
Sprague’s paper (here summarized in 
Fig. 12) and the relationship of pene- 
tration to water susceptibility (Fig. 
13, based on the data covered by Krchma 
and Loomis in their 1943 report^). 
There may be some question of the 
accuracy of this adjustment, but lacking 
better means, it still seems that even 
after correcting for consistency the 
greatest improvement occurs in the 
initial small percentages of agent added. 
In the case of agent I the adjustment was 
too small to be shown and the original 
line as drawn still applies. From this it 
seems evident that the quantity of anti- 
stripping agent must be carefully chosen 
for the aggregate as well as the binder 
plus probably some adjustments for the 
gradation. 

Another feature that is of interest is 
the effect of the agent on the consistency 
of the binder, as this has considerable 
bearing on the stability of a surface as 
well as stripping. Comparing the re- 
sults for the RC-2 residues, per Mr. 
Sprague’s Table IV, with those for the 
AC-8 summarized in Fig. 12 based on 


Table III, it appears that agents D and 
E soften the RC base more rapidly than 
the AC-8. On the other hand, agent 
G greatly softened AC-8 but seemed to 
hai-den the RC-2 distillation. Again, 
this tends to point up the difGiculties in 
working on problems of this nature and 
the care that must be taken in interpret- 
ing the results. Certainly Mr. Sprague 
is to be complimented for his careful 
evaluation of the changes that occur in 
the binder due to adding agents. 

The addition of the agents and the 
fact that they can result in lower stabil- 
ities raises the problem of whether they 
are always entirely beneficial, irrespec- 
tive of the possible improvement in the 
stripping tendency per cent as employed 
by Mr. Sprague. I believe he touched 
on this matter; namely, the reduction 
in the stability of the system due to the 
use of the antistripping agents in part 
nullifies the improvement in stripping 
resistance due to the agent. Certainly 
it would seem that as the original 
strength of a surface is decreased for any 
reason whatsoever higher water-resist- 
ance requirements are necessary. Fur- 
ther, it is a question of whether a system 
with a stability of say, 1400 lb. and a 
50 per cent stripping tendency for 24 
hr. is a poorer system than the same 
system treated with an antistripping 
agent to the extent that its initial dry 
strength drops to 700 lb. but with a 
stripping tendency per cent of zero. 
Both systems after water immersion 
have the same stability. In this in- 
stance, it would appear that the agent 
was not an immixed blessing if the sur- 
face normally requires stabilities higher 
than 700 lb. 

Carrying the above example further, 
were there two systems, one having a 
1400-lb. stability on the basis employed 
by Mr. Sprague (200 psi. compressive 
strength for a 3-in. diameter specimen) 
and the other a 700-lb. stability (100 



1414 


Discussion on Ami-Srmpfma kDMtXTvms 


psi. strength) and both had a stripping 
tendency of SO per centj both would be 
rated equal in their water resistance, 
even though their respective stabilities 
after immersion were 700 and 350 lb. 
However, the lower stability surfaces 
should have higher water-resistance re- 
quirements, as they are closer to what- 
ever minimum stability is required for a 
surface. Accordingly, in the above ex- 
ample the .weaker of the two would give 
a surface more subject to water failure. 
In this respect the W a concept gives a 
somewhat different picture, as the above 
systems would have constants of 0.005 
and 0.01, respectively. This rating, 
although with no direct precise cor- 
relation with the field, certainly seems 
more reasonable. However, it is inter- 
esting to note that were the weaker of the 
two systems corrected through the use 
of agents to give it 0.005 Wa value, 
after 24 hr. it would have a strength of 
only 665 psi. On this basis it would 
appear that a second consideration 
of water resistance is still necessary; 
namely, have systems with low Wa plus 
high initial strengths. As some of the 
addition agents soften the binder and 
reduce the initial stabilities, agents in 
all instances will not necessarily permit 
this, and it accordingly seems desirable 
from a design point of view to choose 
aggregates and binders and construction 
conditions wherever possible to give 
high initial strengths irrespective of 
whether an agent is employed. Of 
course in this respect it will be of interest 
to establish whether the weakening 
effects of some of the agents are tem- 
porary or permanent, whether the im- 
proved water resistance is permanent, 
and whether the resistance improves 
with age as with an ordinary mix. 

We hope information on these vari- 
ables will ultimately be available. 

Mm John C. Sprague (author ^ s do- 
we).— The comments and test data 


presented by Messrs. Holm.es, Ricketts, 
and Krchma form a welcome addition to 
the author’s paper. With regard to 
Mr. Ho.lm.es’ observation relative to the 
incorporation of the additive at the 
refinery, the author can only comment 
that it might be risky unless the aggre- 
gate were predetermined. and its charac- 
teristics, as well as the character and 
function of the mix, fully investigated 
beforehand. To his knowledge there is 
no antistripping agent on the market 
that has an over-all efficiency from 
standpoint of wetting power, stripping 
resistance, and stability retention for 
all aggregates under all conditions. 
Presupposing proper precautions, how- 
ever, it might be more advantageous to 
add the agent at the refinery— certainly 
it would preclude the possibility of 
changing drastically the original charac- 
teristics of a bitumen, by so modifying 
the bitumen itself so that it would meet 
pertinent requirements after the agent 
had been added. For example an AC-6 
asphalt might well have the characteris- 
tics of an AC-8 asphalt after the opti- 
mum amount of a given agent had 
been added. Also, everything else being 
equal, adding at the refinery would be 
more economical. It is considered that 
curing at 77 F,, followed by immersion’ 
at 100 F., was the most realistic condi- 
tion of test for the. static immersion. 

With regard to Mr. Holmes’ comments 
on static immersion versus axia-l-co,m- 
pression test it can only be reiterated 
that the latter brought out weaknesses 
in the mixtures which the former failed 
to reveal. In general both tests did 
show the same trends in so far as strip- 
ping tendency is .concerned, although 
there were a few exceptions. But the 
axial-compression test revealed short- 
comings from standpoint of adhesion 
(as opposed to coverage) and stability 
which static immersion did not. The 
author is in complete agreement with 
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Messrs. Holmes and Ricketts that 
the terms hydrophilic and hydrophobic 
should be given a clearer meaning, and 
probably a more limited one; further, 
they should be supplemented with addi- 
tional qualifying terms.' And ■ as Mr. 
Ricketts stated, other terms need to 
be standardized. Mr. .Ricketts’ deduc- 
tions are valued in that they so cogently 
sum up and express the spirit and sub- 
stance of this investigation. Standardi- 
zation of method definitely is a first 
^^must.” Certainly if a proposed addi- 
tive produces mixtures with substan- 
tially lower stability than the plain 
bituminous mix itself, it has questionable 
value; on the other hand, if it exhibits 
superior antistripping performance , on 
mixtures subjected to severe soaking 
conditions, if it will not lower stability 
below a minimum structural optimum, 
then some sacrifice to stability might 
well be afforded. 

Mr. Krchma’s comparisons were very 
much to the pointr-only by such com- 
parative data can a suitable standardized 
procedure be eventually developed which 
will adequately cope with ail facets of 


this many-sided problem. With regard 
to his inquiry, the immersion water was 
held at 77 dz 5 F. Mention of this was 
inadvertently omitted in the procedure, 
but was touched upon in the appendix. 
No measurable effect was noticed in this 
narrow range in temperature of the bath 
water. There is no question but that 
appreciably higher bath temperatures 
would accelerate failure of the speci- 
mens — this is indirectly evident in the 
static immersion tests. While no actual 
determinations were made in this in- 
vestigation to evaluate losses due to 
alternate wetting and drying, as com- 
pared with constant immersion over a 
long period of time, it was assumed that 
the effect of summation of wetting 
periods in the former would about equal 
the latter. It is not clear how the mix 
could appreciably recover during the 
“drying” period unless it were heated. 
It might hold up better until the bond 
was broken, after which failure might 
actually be more rapid than it would be 
under constant immersion conditions. 
This is conjecture, of course, and needs 
to be evaluated by actual tests. 



DEVELOPMENT OF A METHOD OF TEST FOR SOIL 

BITUMINOUS MIXTURES* 

By E. 0. Rhodes^ and P, F, Phelan^ 


Synopsis 

During the past five years, a group of technical representatives of leading 
producers of cutback asphalt, emulsified asphalt, and tar has collaborated in the 
development of a method of test for soil bituminous mixtures. This was done 
to overcome the confusion caused by the present multiplicity of tests for 
bituminous stabilized soils. 

In brief, the proposed test method consists of submitting 2-in. diameter by 
2-in. high specimens to a 7-day absorption test in 1 in. of water, followed by a 
test in which a l|-in. diameter plunger travelling at the rate of 1 in. per minute 
extrudes the mixture through a IJ-in. diameter orifice. Particular care has 
been exercised to provide control features— in the preparation of mixtures, in 
the forming and handling of specimens, and in the testing for a!)sorption, 
expansion, and strength characteristics — that eliminate many of the factors 
responsible for poor reproducibility of test results in some other methods. 

The proposed test method is now under consideration by a joint subcom- 
mittee of A.S.T.M. Committees D-4 on Road and Paving Materials and D-18 
on Soils for Engineering Purposes. This paper is a report by the Chairman 
and Secretary of the Bituminous Producers^ Cooperative Research Committee 
on the work performed in the development of the test method. 


In March, 1941, technical representa- 
tives from six bituminous producer 
organizations met with representatives 
of” the Civil Aeronautics Authority to 
discuss the various types of test that 
might be used for testing soils after 
treatment with bituminous materials. 
At that time it was realized that progress 
in the field of bituminous soil stabiliza- 
tion would be hampered if each bitumi- 
nous producer's laboratory and each 
state testing laboratory continued on 
its own way, developing its own indi- 
vidual method of test. The C.A.A, sug- 
gested that the producers consider the 
situation with the thought in mind of 
suggesting a mutually acceptable pro- 

* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

1 Manager of Development and Highway Engineer, 
respectively^^ Koppers Co., Inc., Tar Products Div., 
Pittsburgh, Pa. . 


cedure that might be followed by the 
C.A.A, in its, testing of bituminous 
stabilized soils. Since that time, this 
group of bituminous producers, calling 
itself the Bituminous Producers^ Coop- 
erative Research Commiilee, has worked 
together to develop a simple, direct 
method of test which can be used for 
testing soil-bituminous mixtures con- 
taining emulsified asphalt, cutback or 
other liquid asphalt, or tar. 

The personnel of this committee in- 
cluded Messrs. C. L. McKesson and 
P. E, McCoy of the American Bitiimuls 
Co.; B. A, Anderton and J. W. Donegan 
of the Barrett Division, Allied Chemical 
and Dye Corp.; E, W. Klinger, Sta,ndard 
Oil Co. of .New Jersey; J. C. Roediger 
and A. Holmes of the Esso Laboratories, 
Process Division; Prevost - Hubbard, of 
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the Asphalt Institute;. E. 0. Rhodes, test procedure, and other pertinent 
A« C Havens, and P, F.:. Phelan of Kop- problems. . 

pers Co., Inc. To each cooperating Af the first meeting of the committee, 
laboratory in the group, the investiga- a review of the methods of test then in 
tion of the various test procedures and use in each of the collaborating labora- 
the ' research work performed in the tories showed that all laboratories were 
development of this method is the using an extrusion type of test (Table I). 


OPENING, mm, 0.074 0.149 0.25 0.42 0.84 2.0 4 JO 



Fig. 1 ■Grading'!of Soils Used in B.P.C.R. Tests. 


TABLE I.— COMPARISON OF B.P.C.R. TEST WITH COLLABORATORS’ OWN TEST METHODS. 




Size of Specimen 

Compaction Loading 

Strength Test Apparatus 

Laboratory 

Maxi* 

mum 

Particle 

Sixe 

Inside 
Diame- 
ter of 
Forming 
Mold, 
in. 

Compacted 
Height of 
Specimen, in. 

Total 

Load, 

lb. 

Time 

Held, 

min. 

Unit 

Load, 

psi. 

Inside 
Diame- 
ter of 
Test 
Mold, 
in. 

Diame- 
ter of 
Test 
Plunger, 
in. 

Inside 
; Diame- 
ter of 
Extru- 
sion 
Orifice, 
in. 

Speed of 
Plunger 
Move- 
ment 
During 
Test, 
in. per 
min. 

Bitumuls 

M in. 

2 

2 

3 000 

1 

954 

2.06 

2.03 

1.125 

0.4 to 0.5 

Barrett 

No. 10 

2.00 

1.00 +0.0S 

2 000 

2 

636 

2“ 

1.125 

1.125 

1 

Esso — 

No. 4 

2 

0.9 to 1.0 

10 000 

2 

3183 

2.02 

2 

1.75 

2.4 

Koppers 

No. 10 

1 

approx. 0,25® 

300 

0.5 

382 

1 

0.25 

0.4 

3 

B.P.C.R 

No. 4 

2.000 

±0.001 

2,00 ±0.05 

6 000 

2 

1910 

2.020 

±0.001 

1.125 

±0.001 

1.125 

±0.001 

' ' 1' , 


* Mold split into three sections, tightened to fit specimen prior to testing. 
® Specimen contains 8.0 g. dry soli. 


equivalent of one man’s full time for 20 It was noted that American Eitumuls 
months, including the fabrication and Co. was using a 2-in. diameter by 2-in. 
testing of over 2000 specimens. During high specimen; the Barrett Div., Esso, 
this 5-yr. period, this group has held and The Asphalt Inst, were using 2 by 
twelve meetings, which represent over 1-in. specimens; and Koppers was using 
75 hours of joint discussion of test a 1 by |-m. specimen. The compaction 
results, apparatus design, refinements of loading varied from a total load of 300 
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to lOjOOO lb. The test plungers were 
either larger than, of the same diameter 
as, or smaller than the extrusion orifice. 

At the conclusion of its first meeting, 
the committee had agreed that: 

(a) Rigid and nonrigid base mixtures 
cannot be evaluated by the same test 
procedures because the two types are 
fundamentally different in design and 
performance, 

(b) When nonrigid base mixtures are 
subjected to any type of load-bearing or 


cooperative tests—a South Carolina sand 
clay, a San Francisco sandy clay loam, 
and a New Jersey sandy silt (Table II). 
The grading curves of the three soils are 
plotted in Fig. 1. Each laboratory was 
supplied with over c) 0 .e quarter of a ton 
of each of the. three soils, and large sup- 
plies of stabilizer em.ulsion, cutback 
asphalt, and tar. Mixtures for coopera- 
tive testing were selected after each 
collaborator, tested each of the soils 
for optimum percentage of moisture and 


TABLE II.-ANALYSIS OF SOILS USED IN B.P.C.R. TESTS. 



South Carolina , 
Soil 

San Francisco 
Soil 

New Jersey Soil 

Screen Analysis (Wet) 

Passing No. 4 sieve, per cent 

100 

too 

100 

No. 10 sieve, per Cent. — — 

, 99 ■ ,, 

IOC) 

99 

No. 20 sieve, per cent, 

97 

' 97 

98 

No. 40 sieve, per cent. 

82 

94 

94 

No. 50 sieve, per cent 

64 

' 8! 

86 

No. 100 sieve, per cent 

54 , i 

,■73 

77 

No. 200 sieve, per cent 

■ 45 . 1 

,55 

65 

Gravel (over 2.00 ■+• nun.), per cent. 

1 

0 

1 

Coarse Sand (2.00 to 0.25 mm.), per cent. 

35 

19 

13 ■■ 

Fine Sand (0.25 to 0.05 mm.), per cent. 

22 

30 , 

25 

Silt (0,05 to O.OOS mm.), per cent — 

17 

"24 

42 

Clay (below. O.OOS mm.), per cent. — . . 

Colloids (below 0.001 mm.), per cent. 

25 

27 

' 19 

; , 20 

15 

10 

Textural Description ... 

Sandy clay 

Sandy clay loam 

Sandy silt 

Liquid Limit 

29 

29 

31 

Plastic Limit 

17 

17 

20 

plasticity Index 

12 

12 

11 

Field Moisture Equivalent. 


20 

25 

Shrinkage Limit. ' 

14 

14 

IS 

Shrinkage Ratio 


1.9 

1 ' 1.8 

Soil Classification’— PRA. 

A-2-4 

A4~6 

" A-4-6 

Group Index — 

3' 

. s 

6 

Proctor Optimum Moisture, per cent 

Proctor Dry Soil Density— lb. per cu. ft. 

12 

15 

i K) 

, 122,5 ,, 

115.0 

112.7 


Strength test, the test specimens should 
have some type of side support if re- 
producible results or indications of 
service behaviors are to be obtained, and 

(c) Bituminous stabilized soil mixtures 
preferably should be evaluated by some 
type of extrusion test wherein failure 
occurs due to excessive plastic flow of 
the mixture under test. ‘ 

Since that time, a large volume of 
work has been performed, as indicated 
in the brief r&ume which follows:— 
Three soils were selected for use in 


bituminous stabilizer, using, his own 
preferred method of test. 

When the committee’s method of test 
was’ originally outlined, it provided for 
testing 2-in. diameter by 2-in. high and 
2 by l-in. specimens, both uncured and 
cured at 14() F., after being subjected, to 
capillary abso,rption ,or f-in. immersion 
for 7 days. All specimens were tested, 
for strengthby extrusion through , a 
diameter orifice by , means ofTi l|-in. 
.diameter plunger .moving , at a , constant 
rate, of 1 in. per minute. ; Other types 
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of absorption tests—complete immersion 
and almost complete (flush with the 
surface) immersion— and the use of 
additional plunger-orifice combinations 
were also investigated by some of the 
collaborating laboratories. Density, 
shrinkage and loss on curing, swell 
during absorption, and other characteris- 
tics of the test specimens were measured. 
In this series of tests, each laboratory 
was required to mold and test approxi- 
mately 500 specimens. The results of 
these tests revealed that each laboratory 
could duplicate its own results quite 
well, and that fairly good agreement 
among laboratories was obtained on 
specimen densities, ' molding moisture 
contents, and amounts of absorbed 



Fig. 2. — B.P.C.R. Testing Assembly (Left) 
and Molding Assembly (Right). 


diameter by 2in. high) from a mixture 
of the New Jersey soil with 6 per cent 
water and 9 per cent MC-2 cutback 
asphalt. After curing, the specimens 
were distributed-eight specimens from 
each batch of 40 going to each of the five 
cooperating laboratories. All mixtures 
were prepared on the same day, and the 
specimens were formed, cured, shipped, 
and tested in accordance with previ- 
ously agreed-upon specific instructions 


FORMING MOLD COMPACTION PLUNGERS 



Fig. 3 . — B.P.C.R. Molding Equipment. 


moisture. Plowever, discouragingly 
poor agreement for the strength results 
among the different laboratories was 
obtained.. 

After much thought and extended 
discussion concerning the probable rea- 
sons for the wide differences in strength 
results, it was decided that different 
laboratories should prepare the same 
mixture and send specimens of the 
molded mixture to the other laboratories 
for testing. It was intended that this 
should point to any differences in mix- 
ing, molding,: or curing procedures; and 
to differences in absorption or strength- 
testing equipment. , Each of three. labo-; 
'rato.ries , formed . ,40„' specimens . ,(2-in. 


covering procedures and work schedules. 
From each group of eight specimens, 
three were tested (on a specified day) 
for strength before absorption; and five 
were subjected to 7-day absorption in 
I in. of water before being tested for 
strength. Very complete data were re- 
corded, including room temperature at 
time of molding specimens, absorption- 
cabinet temperature during the absorp- 
tion period, room temperature at the 
time the strength tests were performed, 
and depth of penetration of the plunger 
at point of maximum strength of the 
specimen. 

As a result of these tests, a number of 
refinements were made in the test pro- 
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cedure. To : insure comparable densi- 
ties, a close tolerance was placed on 
the moisture content at time of molding; 
a pre-compaction technique using a 
blade type tamper was agreed upon; a 
compaction loading rate was specified; 
and a tolerance was placed on the com- 
pacted height of specimen. It was also 
agreed that specimens should be im- 
mersed to one half their depth during the 
absorption test. The data indicated 


TESTING CYLINDER PLUNGER GUIDE TESTING PLUNGER 



Fig. 4.— B.P.C.R. Testing Equipment. 


that three specimens, instead of five, 
were sufficient to obtain a good average 
result for testing purposes. 

With the test method thus revised, 
another series of tests was performed. 
Each laboratory formed eight 2 by 2-in. 
specimens of a specified mixture, cured 
them to constant weight at 140 F., 
tested three for strength before ab- 
sorption, and tested the remaining five 
for strength after'7 days’ absorption in 
1 in. of water. The test results from 
the various laboratories checked very 
well as far as densities, absorption, and 
change in volume during absorption were 


concerned, but again the final strength 
values were at greater variance /than 

desired. 

Based on the above results, close 
tolerance limits were placed on the di- 
mensions of the forming and testing 
equipment, and the entire test method 
was again critically reviewed. The 
oven-curing procedure for emulsi:fied as- 
phalt-treated specimen's was changed 
from drying to constant weight, to dry- 
ing until 80 to 90 per cent of the molding 
moisture had been removed. This was 
intended to eliminate the possibility of 
excessive differences in residual mois- 
ture contents when drying to constant 
weight in different laboratories. 

The test procedure, as then revised, 
was submitted to the Joint D-4, D-18 
Subcommittee on Tests and Specifica- 
tions for Stabilized Soils, at the June, 
1944, meeting of A.S.T.M. It was also 
submitted to the committee for the Sym- 
posium on Soil Testing Methods, and was 
included in the compilation “Procedures 
for Testing Soils,” published in Septem- 
ber, 1944. Apparatus setups and di- 
mension details of the molding and test- 
ing equipment are shown in Figs. 2, 
3, and 4. 

Since close tolerance limits had been 
placed on the dimensions of the forming 
and testing equipment, and as none of 
the cooperating laboratories was then 
equipped with apparatus meeting these 
narrow limits, it was agreed that each 
collaborator would obtain such equip- 
ment and perform another series of tests. 
In this series, each of the three soils 
used in the former tests was mixed with 
a different bituminous stabilizer and 
tested in , accordance with the latest 
revised procedure. Each laboratory 
prepared its. own mixtures and formed 
its own specimens for testing. Com- 
pletion, of this series of tests was delayed 
on numerous accounts, chief of which 
were the shortage of^ laboratory person- 
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nel and the difficulty of getting accurate 
machine work done in shops overbur- 
dened with war projects carrying high 
priority ratings. 

This final test series has been com- 
pleted for some time. It is being re- 
ported now so that data will be available 
to the interested committees of A.S.T.M 
and other organizations that have this 
test method under consideration. The 
data and reports of this cooperative 
work are too voluminous to present in 
this paper. However, in the review of 
certain phases of the test method which 
follows, typical data are presented to 
show reproducibility, reasons for certain 
revisions or refinements in test procedure 
and equipment design, and some of the 
difficulties encountered in the develop- 
ment of the test method. 

Review of Details in Development 
OP THE Ti^st Method 

Apparatus: 

Mixers.— Three different types of labo- 
ratory mixers were used in these investi- 
gations, and all were found satisfactory. 
Bitumuls used a Readco, Model P-12; 
Barrett used a Hobart Model C Mixer; 
while Esso and Koppers employed the 
Kitchen Aid Mixer, Model G. 

Compaction. — It was found that com- 
paction of some soils is benefited by 
preliminary tamping of the mixture in 
the mold before applying the compac- 
tion load. This pre-compaction tamping 
apparently serves to orient the particles 
so that greater uniformity of densifica- 
tion is obtained under the compaction 
load. The tamper used is that widely 
used in the PIubbard-Field test proce- 
dure; it is often referred to as the Hub- 
bard-Field No. 1 Tamper (Fig. 3). 

Differences in density among labora- 
tories continued even with this pre- 
compaction tamping, until a definite 
procedure was specified, namely, that the 
tamper be dropped 25 times (upon the 


total material to be molded) from a 
height of 6 in. above the bottom of the 
specimen. To prevent damage to the 
top of the mold by the tamper, a collar 
of some type is placed on the top of 
the forming mold. The tamper is ro- 
tated between applications of the 25 
tamps. Comparable densities are fur- 
ther assured by specifying that the com- 
paction load be applied at a rate of l-in. 
per minute movement of the compaction 
plunger — the same application rate used 
when testing for strength. 

Strength Test Apparatus . — ^The design 
and close tolerance limits placed on the 
dimensions of the strength-testing ap- 
paratus insure that the specimen under 
test is centered over the testing orifice, 
which is centered in the testing mold, 
while the test plunger is centered (by 
means of a guide) directly over the speci- 
men (Figs. 2 and 4). 

In this cooperative work, both hy- 
draulic and mechanical (screw-actuated) 
testing machines were employed. Bi- 
tumuls used a 90,000-lb. Southwark- 
Emery hydraulic machine and a 300,000- 
lb. Riehle screw-type machine. Barrett, 
Esso, and The Asphalt Inst, used a 
standard Hubbard-Field 10,000-lb, 
screw-t}q)e testing machme. The As- 
phalt Inst, also used a 100,000-lb. 
Baldwin-Southwark hydraulic machme. 
Koppers used a 20,000-!b. modified Car- 
ver hydraulic laboratory press and a 
100,000-lb. Riehle screw- type testing 
machme. 

Preparation of Soil: 

The maximum aggregate size (passing 
No. 4 sieve) for use in the tests was 
chosen to conform to widespread current 
practice. It permits the use of field 
samples of reasonable size, yet allows 
test results within the range of testing 
equipment readily available in most bi- 
tuminous laboratories. The soil is air- 
dried, rather than oven-dried, to prevent 
any change in soil characteristics that 
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might be altered by drying at high 
temperatures. 

Moisture Content of Soil. — ^The mois- 
ture content of the air-dried soil is 
determined by extraction with xylol in 
accordance with A.S.T.M, Standard 
Method of Test for Water in Petroleum 
Products and Other Bituminous Ma- 
terials (D 95 - 40) It was originally 
intended to determine the hygroscopic 
moisture content of the air-dried soil by 
oven-drying to constant weight. How- 
ever, since the D 95 method is required 
in the determination of moisture contents 
of soil-water-bituminous mixtures, it 
was decided to employ also the D 95 
method for the determination of moisture 
content of the air-dried soil—- so that 
moisture contents would be on a com- 
parable basis. 

Preparation of Tar or Liquid Asphalt- 

Soil Mixtures: 

In the preparation of mixtures con- 
taining liquid asphalt or tar, the desired 
amount of water (usually 0.25 to 0.5 per 
cent greater than that specified for mold- 
ing) is added to the air^dried soil and 
mixed for 5 min. in the laboratory mixer, 
after which the mixture is aged in a 
closed container for 16 to 24 hr. A 2 or 
3-min. mixing period is usually sufficient 
to distribute the moisture throughout 
the soil. This varies with different 
soil types, however, so a 5-min. mixing 
period was adopted as a safe standard. 

It was found desirable to age the soil- 
water mixture in order to obtain uniform 
distribution of low percentages of moist- 
ure. The soil-water mix is made one 
afternoon, and aged overnight. The 
next morning, the aged soil-water mix- 
ture is then placed in the bowl of the 
mechanical mixer; the required amount 
ofj^bituminous stabiliser is added and 
then mixed for a S-min. period. Addi- 

2 1944 Booklof A.S.T.M. Standards. Part H, p. 599. 

Part in. p. 293. 


tional mixing with a rubber- tipped 
pestle may be required to produce a 
uniform mix, after which the soil- water- 
bituminous mixture is. placed in an air- 
tight container for a, 4-.hr. period., .This 
second aging period allows for better 
distribution of. the bituminous material 
throughout the mixture, prior .to the 
forming of test specimens. 

Preparation of Emulsified Asphalt-Soil 

Mixtures: 

Since the emulsified asphalt mixtures 
contain excess water, no advantage is 
gained by aging the soil-water or soil- 
water-bituminous mixtures. Instead, 
the specified amount of mixing water is 
added to the air-dried soil in the mechan- 
ical mixer and mixed for 5 ...min.. The 
specified percentage of emulsified as- 
phalt is added, and mixing is continued 
for 5 to 10 min., until visual homogeneity 
is obtained. The mixture is then placed 
in tared, shallow pans and allowed to air 
dry (with frequent stirring to prevent 
crusting) to the specified molding moist- 
ure content. With some highly plastic 
soils, after the mixture has dried to 
approximately the plastic limit, it is 
remixed in the mixer, and is then placed 
again in the shallow pans to dry to the 
specified molding moisture content. 

Molding Moisture: 

Prior to molding specimens the soil- 
water-bituminous mixture is tested for 
water content by A.S.T..M. Method I)' 
95, using xylol in the extraction. The 
moisture content must be within 0.15 
per cent of the molding moisture speci- 
fied* Thus, if the molding, moisture is 
specified as 6.0 per cent, the mixture must 
be discarded if ■ the determined m,oisture 
content is lower than 5.85 or higher than 
6.15 per cent. , This close' tolerance is 
necessary since density, absorption, ,and 
strength values are so greatly affected 
by the moisture content at time of mold- 
ing. 
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Forming and Measming Specimens^— 
After initial coiupaction by 25 blows of 
the tamper falling freely from a height of 
6 in. above the bottom of the specimen, 
tinal compaction is obtained by applying 
a 6000-11). lota! load through a plunger 
travelling at the rate of 1 in. per minute. 
After holding the load for 2 min., the 
pressure is released and the ' specimen 
is removed from the mold to be weighed 


TABLE in.— DRY SOIL DENSITIES AT OPTIMUM 
MOISTURE OF PROCTOR VERSUS B.PX.R. 
METHODS. 



Proctor Method 

B.P.C.R 

. Method 

Soil 

Optimum 
! Mois- 
' ture, 
per cent 

Density, 
lb. per 
cu. ft. 

Optimum 
Mois- 
ture, 
per cent 

Density, 
lb. per 
cu. ft. 

South Carolina.. . 

i 12 

^ 122.5 

9 

127.3 

San Francisco., . , 

[ IS 

IIS.O 

10 

‘ 125.8 

New Jersey ...... 

16 

112.7 

10.5 

125.6 


and measured for volume. The height 
of a specimen cannot vary by more than 
O.OS in. from the specified height of 2,00 
in. It was found that various labora- 
tories could easily stay within a tolerance 
of =b().02 in. 

Density, — Throughout this test 
method all percentages of moisture, 
bituminous material, and absorption are 
based on the calculated weight of dry 
soil in the specimen. Thus, a mixture 
containing 6 per cent moisture and 9 per 
cent bituminous stabilizer is considered 
to contain 100 parts by weight of cal- 


culated dry soil, 6 parts by weight of 
moisture, and 9 parts by weight of sta- 
bilizer. Too, the percentage of absorp- 
tion is calculated as the gain in weight 
during absorption divided by the cal- 
culated dry weight of soil in the specimen 
when molded, rather than by the weight 
of the specimen before absorption. On 
the same basis, the density of the speci- 
men is always expressed as the cal- 
culated weight of dry soil in the speci- 
men divided by the volume of the 
specimen. Thus, all moisture contents 
and densities are directly comparable, 
being based on the amount of dry soil 
in the specimen, regardless of its con- 
dition. 

Table III shows the optimum moisture 
contents and dry soil densities of the 
three soils used in the- cooperative tests, 
as determined by the standard Proctor 
and the B.P.C.R. compaction methods. 
The B.P.C.R. method results in appre- 
ciably lower optimum moisture contents 
and higher dry soil densities. 

Curing Specimens, — Soil-asphalt and 
soil- tar specimens are usually tested in 
the uncured state. However, if the 
testing of cured specimens is desired, 
additional specimens may be cured to 
constant weight in a 140 db 5 F. oven- 
constant weight being defined as the 
weight at which the loss during a 6-hr. 
period in the oven is 0.3 g. or less. The 
procedure provides for an initial curing 


TABLE IV.— COMPARISON OF MOISTURE LOSSES DURING 140 F. OVEN CURING IN 
DIFFERENT LABORATORIES 


San Francisco soil — 8 per cent water— 11 per cent emulsion (6.2 per cent asphalt), cured to lose 
80 to 90 per cent of molding moisture. 


■ Laboratory 

1 Moisture 
! When 

Molded, 
per cent® 

Moisture 
Lost While 
Curing at 
140 F., 
per cent 

Loss of Mold- 
ing Moisture 
While 
Curing, 
per cent j 

Residual 
Moisture 
Content, 
per cent 

Absorption, 
per cent 

Total Mois- 
ture Content 
After 

Absorption, 

percent 

Bitumuis. 

8.02 

6.79 

84.6 

1.23 

4.09 

'S.32 ' ' 

Roppers 

■7.87 

6.42 

81.5 

1.45 1 

3.72 

1 , " 5.17 

Esso. 

. 8,12 

6.41 

79.0 

1.71 ■ 

4.40 

i 6.11 

Barrett. , /. . . . 

8.13 

6.33 

77.8 

1,80 1 

1 

4.47 

1 6.27 


« Molding moisture determined by A.S.T.M. Method D 95-40, using xylol, 1944 Book of A.S.T.M. Standards, Part II, 
p. 599 and Part III,' p. 295, • 



1424 


Rhodes and Phelan 


period of 40 to 42 hr. (a night, a day, 
and a night) followed by 6-hr. intervals 
in the oven until constant weight is 
attained. During this curing period 
some of the volatiles are lost from the 
tar or cutback asphalt, although all of 
the moisture is not lost. 

For the soil-emulsified asphalt mix- 
tures, a somewhat diflFerent procedure 
was found desirable. For these mix- 
tures, the curing at 140 5 F. is con- 

tinued until 80 to 90 per cent of the 
moisture content at time of molding is 
lost. Table IV shows mixes made in 



Fig. 5.— Comparison of Various Absorption 
Test Methods. 

four laboratories varying in molding 
moisture content from 7.87 to 8.13 per 
cent, a range of 0.26 per cent. After 
curing, during which 77.8 to 84.6 per 
cent of the molding moisture was lost, 
the residual moisture contents varied 
between 1.23 and 1.80 per cent, a range 
of 0,57 per cent. Thus, any differences 
in efficiencies of drying ovens would not 
appreciably affect the final test results, 
but would be reflected in the varying 
lengths of time required for curing in 
the different laboratories. 

Water Ahsorption Test . — Four types of 
absorption test were tried in the course 
of this investigation: capillary absorp- 
tion, immersion to half depth, immersion 
to full depth with the exception that the 
surface of the specimen was not covered, 
and complete immersion. In the capil- 
lary absorption tests, two laboratories 


used perforated metal plates with the 
water level adjusted to the top of the 
plates, while 'other laboratories, used 


TABLE V.~EFFECT OF. SLIGHT VARIATION IN 
INSIDE DIAMETER OF TESTING MOLD. 

New Jersey soil— 6 per cent water— 9 per cent, MC-2, 
cured at 140 F., then tested. 


Molded Dry Soil Density, 
lb. per cu, ft. 

Diameter of 
Bottom of 
Specimen, 
in. 

B.F.C.R. . .. 
Strength, .psi. 

Inside E 
of Testi 

2.000 

in. 

dameter 
ng Mold 

2.021 

in. 

115.1 

1.99 

8400 


115.2. 

1.99 

8100 


115.4 

1.99 

8000 


115.6 

1.98 

8900 


115.5.. 

1.99 

9100 


Average 115.4 

1,99 1 

8500 


115.4 

1 ,98 


6300 

115.3 

1.09 


6600 

115.3 

1.99 


6200 

115.3 

1,99 


6200 

115.2 

1.99 


6000 

Average 115.3 

1.99 


6260 


TABLE VL— EFFECT OF SLIGHT VARIATION IN 
INSIDE DIAMETER OF TESTING MOLD. 


New Jersey soil with MC-2p cured at 140 P., then tested. 


B.F.C.R. Strength,, psi. 


Molded Dry Soil Density, 
lb. per cu. ft. 

Koppers 
Labora- 
tory , 
Inside 
Diame-' 
ter, 

2.000 in. 

Bitumuls 

Labora- 

tory, 

Inside 

Diame- 

ter, 

2,019 in. 

1 Esso 
Labora- 
tory, 
Inside 
Diame- 
ter, 

2,029 in. 

116.4 

6400 



116.3 

6500 



116.2 

6300 



Average 116,3 

6400 



114.8 ^ 


4410 


114.9 


4155 


114.8 


4600 


Average 114.8 


4388 i 


115.7 ...1 



4450 

115.7 ! 



4100 

115.6 



3850 

Average 115.7 — i 



4100 


wet sand bases or porous stone blocks 
with the height of water adjusted just 
below the surface. Thus, in. two, cases 
the specimens stood in a thin film of 
water, while in the others they merely 
rested on a very damp surface. This 
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affected the absorption results appreci- 
ably. 

With complete immersion some diffi- 
culty was experienced due to the upper 
edges of the specimens spalling off — 


TABLE Vn.-LENGTH OF TIME REQUIRED FOR 
B.P.C,R. TEST. 


Ta» an» Cutback Asi»halt Treated Soids 


Step 1. Pulverisse air-dried soil 

2. Determine moisture content of air-dried soil 

3. Prepare soil-water mixture 

4. Age soil-water mixture overnight (16-24 hr.) 

5. Prepare soil-water-bituminous mixture 

6. Age soil-water-bituipinous mixture (4 hr.) 

7. Determine moisture content of aged soil-water- 

bituminous mixture 

8. Form specimens, weigh, and measure for volume 

9. Place specimens in absorption cabinet for 7 days 

10. Pemove specimens from absorption cabinet, 

weigh, and measure for volume 

11. Test specimens for B.P.C.R. strength value 

Steps 1, 2, 3, 4 1 day 
Steps 5, 6, 7, 8 1 day 
Steps 9, U), 11 7 days 

9 days — usual total time re- 
quired 


Optional*"- If Cured Specimens are Desired 


Step 8.1 Place specimens in 140 F. oven for 40 to 42 hr. 

8.2 Remove from oven, cool, and weigh 

8.3 Place specimens in oven again for 6 hr. 

8.4 Remove from oven, cool, and weigh 

8.5 Repeat Steps 8.3 and 8.4 until specimens have 

reached constant weight 
(Usually Step 8.5 is unnecessary) 

Steps 8.1 through 8.4 2 days— usual additional 
time required for 
curing 

Step 8.S 1 day for each repetition— 

usually not required. 


Emulsified Asphalt Treated Soils 


Step 1. Pulverue air-dried soil 

2. Determine moisture content of air-dried soil 

3. Prepare soil-water-bituminous mixture 

4. Air-dry soil-water-bituminous mixture to specified 

molding moisture 

5. Determine moisture content of mixture 

6. Form specimens, weigh, and measure for volume 

7. Cure in 140 F. oven to remove 80-90 per cent of 

molding moisture 

8. Weigh specimens and measure for volume 

9. Place specimens in absorption cabinet for 7 days 

10. Remove specimens from absorption cabinet, 

weigh and measure for volume 

11, Test specimens for B.P.C.R. strength 

Steps 1, 2, 3, 1 day 
« Steps 4, 5, 6, 4 days 
Steps 7, 8, 5 days (including week-end) 

Steps 9, 10, 11 7 days 


17 days — usual total time required 


apparently due to the surrounding water 
preventing the escape of air from the 
inside of the specimen. 

With test specimens immersed in dif- 
ferent depths of water, absorption in- 
creased with the depth of immersion — 


almost complete immersion (water just 
below the top surface) giving the highest 
results. However, since almost com- 
plete immersion seemed much more 
severe a condition than would probably 
be encountered in service, and because 
of the difficulties encountered with capil- 
lary absorption and complete immersion, 
it was decided to perform the absorption 
test by immersing the specimens to one 
half their depth. Figure 5 indicates 
the rates at which maximum moisture 
contents are attained in three types of 
absorption test — -capillary, immersion 
to one-half depth, and almost complete 
immersion. 

Expansion . — The expansion value as 
defined in the B.P.C.R. test method is 
based on the assumption that, given 



Fig. 6. — Effect of Slight Variation in Inside 
Diameter of Testing Mold. 


complete immersion for sufficient time, 
the sample will expand in all directions 
in proportion to the change in diameter 
of the bottom of the specimen during the 
7-day absorption test. Thus, it is an 
arbitrarily selected value which is based 
on the difference in the cube of the diam- 
eter of the immersed end of the specimen 
before and after test. 

Strength Test. — In performing the 
strength test, the specimen is placed in 
the testing mold which fits over the 
testing ring. Load is applied through 
the centered 1.125-in. diameter plunger 
moving at the rate of 1 in. per minute 
which extrudes the specimen through the 
1.125-in. diameter orifice. Failure usu- 
ally occurs after the plunger has moved 



1426 


Rhodes and Phelan 


a distance of f to f in. Tables V and VI 
show the effect of slight differences in 
the internal diameters of the test cylin- 
ders. For the data shown in Table V, 
all tests were performed in the same 
laboratory. Two sets of five specimens 


mold and 6260 psi. for the larger diam- 
eter. 

Table VI also shows the .effect of a 
slight variation in the internal diameter 
of test,ing molds, .the tests having. been 
run in three different laboratories. Each 


TABLE VIII.~B.P.C,R. COMMITTEE COMPARISON TESTS. 
South Carolina Soil® 



Molding 
Moisture, 
per cent 

Molded 

Dry Soil Density 

Laboratory 

Range, lb. 
per cu. ft. 

Aver- 
age, lb. 
per 

cu. ft,, 

Bitumuls 

6.05 

121 to 122 

122 

Barrett 

5.94 

121.2 to 121.7 

121.5 

EssOii 

6.05 

121.1 to 121.1 

121.1 

Koppers 

6.09 

122.5 to 122.9 

122.7 

Average 

Maximum Differ- 

6.03 


121.8 

ence 

Maximum deviation 

S from average, per 

0.15 


1.6 

cent 

1.5 


0.7 


Absorption 

Expansion 

Strength'. 

Range, 
per cent 

Aver- 

age, 

per 

cent 

Range, 
per cent 

Aver- 

,age, 

per 

cent 

Range, psi, , 

Aver- 

age., 

psi. 

1.0 to 1.5 

1.3 

3.0 to 3.0 

3.0 

1795 to 1925 

1873 

1.0 to 1.1 

1.0 

3.6 to 4.2 

4.0 

1900 to 2050 

1975 

1,1 to 1,3 

1.2 

3.6 to 3.6 

3.6 

1900 to 2000 

1950 

1.5 to 2.0 

1.7 

3.0 to 3.0 

3.0 

1750 to 1950 

1867 


1.3 


; 3.4 


1916 


0.7 


1,0 


108 


30,8 


17.6 


3.1 


° Mix composition when molded— per cent by weight: 

South Carolina soil — dry 100.0 

RT-3 Tar 6.0 

Moisture 6.0 


TABLE IX.-B.P.C.R. COMMITTEE COMPARISON TESTS. 
San Francisco Soil® 



Molding 

Molded 

Dry Soil Density 

Laboratory 

» 

Moisture, 
per cent 

Range, lb. 
per cu. ft. 

Aver- 
age, lb. 

per 
cu. ft. 

Bitumuls 

8.02 

121 to 121 

121 

Barrett 

8,13 

120.5 to 120.9 

120.6 

Esso 

8.12 

118.9 to 119.0 

119.0 

Koppers i 

7.87 

118.8 to 119.2 

119.0 

Average 

8.04 


119.9 

Maximum differ- 




ence. 

0.26 


2.0 

Maximum deviation 
from average, per 




■ cent. 

2.1 


0.9 


Absorption 

Expansion 

Strength 

Range, 
per cent 

Aver- 

age, 

per 

cent 

Range, 
per cent 

Aver- 

age, 

per 

cent 

Range, psi. 

Aver- 

age, 

psi. 

4.0 to 4.1 

4.1 

4.6 to 6.1 

5.6 

7080 to 7130 

7112 

4.4 to 4.5 

4.5 

8.5 to 8.5 

8.5 

6380 to 6575 

6468 

4.3 to 4.5 

4.4 

7.9 to 8,5 

8.1 

7150 to 7250 

7183 

3.3 to 4.1 

3.7 

6.1 to 6.1 

6.1 

7000 to 7450 

7175 


4.2 


7.1 


6985 


0.8 


2.9 


715 


11.9 


21,1 


7,4 


® Mix composition when molded, per cent by weight: 

San Francisco soil — dry 100.0 

Emulsified asphalt— dry 6.2 

Moisture 8.0 


each, having the same molded density 
and the same diameter at the bottom, 
were cured to constant weight at 140 F. 
and then tested, using two different test- 
ing molds with diameters of 2.000 and 
2.021 in. The average strength values 
were 8500 psi. for the smaller diameter 


laboratory made the. sam.e mixture, 
molded and cured the specimens at 140 
F. to constant weight, then tested them 
for strength by the B.P.C..R. procedure. 
The internal diameters of the three test 
cylinders used were 2,000, ^ 2.019, and 
2.029 in. The ..average strength values 
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were 6400, 4v^88, and 4100 psi. respec- 
tively. liie data in Tables V and VI 
are plotted in Fig. 6. This plot indi- 
cates that for strength values of 4000 
psi. or , more the maximum allowable 
variation in the inside diameter of the 


In Table VII are listed the various steps 
required in the performance of the B.P. 
C.R. test method. Note that for tar 
and liquid asphalt- treated soils, the 
usual time is 9 days with an additional 
2 days if cured specimens are desired 


TABLE X.-B.P.C.R, COMMITTEE COMPARISON TESTS. 


New Jersey soil® 


Laboratory 

Molding 
Moisture, 
per cent 

Molded 

Dry Soil Density 

Absorption 

! Expansion 

Strength 

Range, lb. 
per cu. ft. 

Aver- 
age, lb. 

per 
cu. ft. 

Range, 
per cent 

Aver- 

age, 

per 

cent 

Range, 
per cent 

Aver- 

age, 

per 

cent 

Range, psi. 

Aver- 

age, 

psi. 

Bitumuls — 

6.10 

114 to 115 

115 

2.6 to 2.9 

2.8 

4.5 to 6.1 

5.6 

910 to 945 

930 

Esso 

6.08 

115.0 to 115.2 

115.1 

2.5 to 2.6 

2.6 

4.8 to 4,8 

4.8 

875 to 900 

892 

Koppers 

5.89 

115.9 to 116.1 

116.0 

2.3 to 2.6 

2.4 

4.6 to 4.6 

4.6 

1050 to 1065 

1058 

Average 

6,01 


115.4 


2.6 


5.0 


960 

Maximum differ- 

.1 









ence - 

0.24 ■ 


1.0 


0.4 


1.0 


128 

Maximum deviation 










from average*, per 










cent 

2,5 


0.5 


7.7 


12.0 


10.2 


Mix composititJH when molded, per cent by weight: 

New Jersey aoil— dry 100.0 

MC*“2 cutback asphalt 9.0 

Moisture. 6.0 


'rABLE XL— SUMMARY OF DATA FOR B.P.C.R. COMMITTEE COMPARISON TESTS. 


Soil 


Mixture 

Water, weight, r»er cent. 

Binder, weight, per cent 

Molded Density (thy soil basis) 

Average value, lb. per cu, ft 

Maximum difference, lb. per cu. ft.. 

Maximum deviutitjn from average, per cent 

A!)ftorption 

Average value, weight, jper cent 

Maximum tlitlerence, weight, per cent 

Maximum deviation from average, per cent 

Expansion 

Average value, volume, per cent 

Maxirnum difference, volume, per cent 

Maximum deviation from average, per cent 

Strength 

Average value, psi 

!Maximum difference, psi 

Maximum deviation from average, per cent 


South 

Carolina 

San Francisco 

New Jersey 

6 

8 

6 

RT-3 Tar 

Asphalt Emulsion 

MC-2 Cutback 

6 

11 (6.2 asphalt). 

9 

121.8 

119.9 

115.4 

1.6 

2.0 

1.0 

0,7 

0.9 

0.5 

1.3 

4.2 

2.6 

0.7 

0.8 

0.4 

30.8 

11,9 

0.8 

3.4 

7.1 

5.0 

1.0 

2.9 

1.0 

17.6 

21.1 

12.0 

1916 

6985 

960 

108 

715 

128 

3.1 

7.4 

10.2 


testing cylinder (±0.001 in.) would 
affect the B.P.C.R. .strength value by 
slightly over. 100 lb., but for lower 
strength values this variation is un- 
doubtedly less. 

” Length of Time Required for Test — 


for test. In testing emulsified asphalt- 
treated soils, seventeen days are usually 
required. The difference in time is, 
of course, due to the drying period when 
the wet mixture is air-dried to the speci- 
fied molding moisture content, and to 
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the oven-curing period during which 80 
to 90 per cent of the molding moisture 
is removed. 

ReproducibilUy of ResidUs. — Tables 
VIII, IX, X, and XI show the range in 
values of B.P.C.R. test results reported 
by the cooperating laboratories, using 
the three different soils. They indicate 
that the specified tolerance limits for 
molding moisture content (±0.15 per 
cent) can easily be met, that close agree- 
ment in molded density values can be 
obtained, and that absorption, expan- 
sion, and strength values can be obtained 
that check very well with those deter- 
mined by other laboratories. Table 
XI is a summary of the data contained 
in Tables Vni, IX, and X. It illus- 
trates plainly the reproducibility of the 
B.P.C.R. test method. 

. Scope and Present Status ■ ■ 

The B.P.C.R. Committee was formed 
originally to develop a method of test, 
that might be used by a federal, state, 
county or municipal authority, to evalu- 
ate bituminous stabilized soil mixtures 
recommended by various producers. 
As yet, there has been insufficient ex- 
perience with the B.P.C.R. test method 
to establish minimum strength and 
maximum absorption and expansion 
values. Although the procedure might 
be developed into a design method, the 
present state of its development does 
not permit recommendation of its use 


for that purpose. The three soils used 
in this cooperative investigation were of 
the more or less cohesive type with 
which bituminous materials are admixed 
to impart resistance to softening action 
in the presence of,,,, moisture. The test 
method is intended primarily , for use with 
soils of this type, rather than for granu- 
lar noncohesive materials, such as sand, 
which are frequently classified as soil. 

In the development of this test method 
particular care, has been, exercised, to 
provide control features that eliminate 
many of the factors responsible for poor 
reproducibility of test results by different 
laboratories. The method of test is not 
too dissimilar from , m,any now .in use. 
Much of the required equipment is at 
present available in, lal)oral()nes testing 
bituminous materials; and the otiier 
equipment can readily be fabricated in 
any well-equipped machine , sho}„) , at a 
,nom.inal cost. 

The , B.P.C.R. test melhod was sub- 
mitted in. 1944 to the Joint J)-4, D-IS' 
Subcommittee on S j:,)C(,:i (icat ions and 
Tests for Stabilized Soils, and is now 
under the.ir consideration. The method 
was published in the A.S.T.M. ^^Proce- 
dures for Testing Soils’’ (September 
1944),.® under, the title: “Suggested 
Methods of Test for Water Absorption, 
Expansion, and Strength Characteristics 
of Soil-Bitum.inous Mixtures.” 


5 Issued as separate publication* 



DISCUSSION 


Mr. V. A.. Endersby^ (by lelter).— 
Concerning Vonsideraiions—(pd.gt 1418). 
(a) is correct (b) is correct in principle, ' 
but why an extrusion test to furnish 
side support? Why not a triaxial or a • 
bearing test? 

Every engineer familiar with the 
fundamental mechanics of granular ma- 
terials recognizes that the extrusion 



Mixing Time,mjn- 

Fig. 7. --Influence of Mixer for Two 
Mixing Times. 


test does not report results in funda- 
mental units of strength; that it is vitally 
affected by small variations in dimen- 
sions such as occur frequently through 
normal wear of equipment; and that it 
is more than anything else a measure of 
arching effects of the granular particles. 
Figure 3, for instance, shows that a 
0.025-m, variation in the testing mold 
makes a difference of up to 50 per 
cent in the test results. Why introduce 

J. Asphalt Dept., Shell Development Co., Emeryville, 
Calif.. 


this unnecessary variable? The Public 
Roads Administration among others 
has changed to the use of compression 
tests for evaluating cohesive effects in 
^ggr^g^tes, and in soils cohesive effects 
are the most important. 

Mixing Methods . — Benson and Becker^ 
and Endersby^ have shown that the 
degree of mixing is of vital importance 
to the results, and that this in turn can 




Fig. 8. — Influence of Curing on 
Water Resistance. 

Curve a— Air-dried. 

Curve 6--140 F. oven curing. 

be vitally affected by the mixer used. 
It is possible that the three mixers 
specified in the subject test ail have the 
same time-mixing properties; but it is 
more likely that the long mixing time of 
5 min. produces an intimate mix which 
levels out the differences but does not 


2 J. R. Benson and C. J. Becker, “Exploratory Re- 
search in Bituminous Soil Stabilization,” Proceedings, 
Am. Assn. Paving Technologists, VoL 13, p. 120 (1942). 

3 V. A. Endersby, “ Fundamental Research in Bitumi- 
nous Soil Stabilization,” Proceedings, Highway Research 
Board, Vol. 22, p. 442 (1942). 
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correlate with what may be expected in 
road work. (See accompanying Fig. 7.) 

Benson and Becker, and Endersby, 
through independent investigations, 
showed that the time of mixing has an 
optimum, which is likely to lie under one 
minute in high-clay soils; a mix which 
is highly resistant to water after mixing 
for one minute or less may be entirely 
ruined by mixing to 3, 4, or S min, 
(Fig- 7). 

Moreover, the actions of liquid as- 
phalts and of emulsions are entirely 
different; emulsions require thorough 
and intimate mixing; thus the mixing 
time and method specified will tend to 
show an untrue and undue degree of 
water resistance on the part of emulsion 
mixes as compared with liquid asphalts. 

CompacPwn,'--Tlie use of a falling 
weight for tamping has been rejected by 
various investigators, among them 
Hveem,'* because of its tendency toward 
breakage of aggregates. 

This is in part true also of the 6000-lb. 
total load applied to a 2-in. specimen. 
Unit loads exceeding 1500 psi. tend to 
show breakage. 

Curing . — Curing at high temperatures 
is well known to produce a permanently 
high water resistance as compared with 
curing at lower temperatures (Fig, 8). 

Since curing at 140 F. is specified for 
emulsion, this is another point in which 
emulsion mixes will show unduly high 
results. Even if the alternative of high- 
temperature curing for liquid asphalts is 
used, the difference in favor of emulsions 
will remain until such additional curing 
has taken place as will eliminate all 
volatiles. Besides this, the thorough 
curing of the emulsion leaves a hard 
residue which acts as a binder in itself, 
lending a strength to the mix additional 
to that of the cohesive properties of the 


* F. N. Hveem, Staff Materials and Research Engineer, 
Materials and Research Dept., Division of Highways, 
Sacramento, Calif. 


soil. This additional strength will not 
remain a property of the soil after long 
exposure to water unless the antistrip- 
ping properties of the soil-emulsion com- 
bination are high. 

The misleadingly, .high strength of 
emulsion mixes as ,p.roduced by («) 
excessive mixing and {b) high-te.m.pera- 
ture curing, is clearly shown in Table 
XI, where 1916 lb.' for tar, 6985 lb. 
for emulsion, and 960 lb. for MC-2 cut- 
back, are certainly not due to differences 
in the soil properties. This would 
have been more clearly shown had com- 
parisons of the three treatments been 
made on the same soils. 

Summary . — The objections to the test 
are: 

1. Use of the extrusion test, 

2. Mixing methods tending to give 
misleading results as to real water re- 
sistance and especially tending to show 
emulsion as highly superior to other 
treatments. 

3. Curing times not in accordance with 
field conditions and tending to show the 
same misleading results on emulsion 
mixes. 

Recommendations: 

1. Substitution of a compression test 
or if desired, a triaxial test .at a given 
lateral pressure, for the extrusion test. 

2. Introduction of differential mixing 
times to determine mixing optim.a, and 
rigid specification of the mixer to be 
used. 

3. Further investigation to determine 
the actual durability of the resistance to 
water action of emulsion mixes as com- 
pared with the others, when cured at 
temperatures properly correlated with 
field practice. 

Mr. W. S. Housed® {by letter).— Tht 
paper presented by Messrs. Rhodes and 
Phelan, makes available the results of 

Associate Frofessor of Civil Ewgineering. University 
of Michigan, and Research Consultant, Micnigan State 
Highway Dept., Ann Arbor, Mich, 
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an extremely comprehensive and .pains- 
taking investigation of the .proposed 
method for. evaluating soil-bituminous 
mixtures. The authors .and the Bitumi- 
nous Producers Cooperative Research 
Committee are , to be co.mmended for 
perseverance and continued effort over 
the trying period of the .past several 
years in bringing such an investigation 
to a definite conclusion. 

It is understood that the proposed 
method is to be presented to the appro- 
priate committees of A.S.T.M. and to 
be voted on in the near future. For that 
reason the writer wished to discuss the 
paper and present certain basic objec- 
tions for consideration of the committees 
in the hope that these objections could 
be eliminated before the test is accepted 
by the Society. 

In presenting these objections it is 
not the writer^s intention to attempt to 
obstruct the sincere efforts of the com- 
mittee to obtain a uniformly accepted 
method of evaluating soil-bituminous 
mixtures. It is the writer^s objective 
to have written into the proposed test 
certain qualifications which would make 
it clear that the test is not to be accepted 
as a final measure of the performance 
characteristics of these mixtures under 
the conditions wliich regulate the design 
of paved surfaces. The acceptance of 
the test with the stamp of A.S.T.M. 
approval implies just that to the en- 
gineering profession at large. Until 
applicability as a design test has been 
demonstrated, acceptance should be 
qualified in order to encourage further 
research and d.evelopm.ent of a more 
fundamental method of evaluating sta- 
bilized mixtures. Otherwise the status 
given the test presently proposed may 
handicap further progress. , 

In the introductory portion of the 
paper the authors })resent the conclusions 
made by the committee upon which the 
subsequent investigation was apparently 


predicated. With the first and last 
of these conclusions the writer cannot 

agree. 

In the first place, it is stated that 
^Tigid and nonrigid base mixtures 
cannot be evaluated by the same test pro- 
cedures because the two types are funda- 
mentally different in design and per- 
formance.’^ Taking a purely objective 
viewpoint, the writer cannot harmonize 
this statement with the fact that, re- 
gardless of whether the mixture is classi- 
fied as rigid or nonrigid, it must in a 
paved surface be designed to carry the 
same loads, over the same subgrades, 
and under the same conditions of ex- 
posure and traffic. Failure to recognize 
these facts is a failure to be realistic, 
which can hardly be considered con- 
sistent with the principles of SGientific 
research- The problem may be com- 
plex and our present knowledge inade- 
quate, which can only mean that we 
must continue our efforts to develop 
a more realistic method of measuring 
performance and not accept without 
appropriate qualification the temporary 
expedient. Certainly research workers 
should eventually be able to find some- 
thing which would simulate more closely 
the fairly obvious physical conditions of 
a load applied to a prepared soil base 
and supported by a soil subgrade. 

In the last introductory conclusion 
cited in the paper it is stated that the 
“Bituminous stabilized soil mixtures 
preferably should be evaluated by some 
type of extrusion test wherein failure 
occurs due to excessive plastic flow of 
the mixture under test.” While ^ffail- 
ure” of the sample in the proposed ex- 
trusion test may be due to excessive 
plastic flow, no evidence is presented 
that failure in a paved surface is at all 
comparable to the conditions imposed 
in the test. The least that could be 
done in accepting the test would be to 
make sure that no busy and casually 



1432 


Discussion on Test eor Soil Bituminous Mixtures 


informed practicing engineer would rely 
on performance in the test to represent 
performance in the road. 

Perhaps some constructive suggestions 
can be made by discussing the second 
introductory conclusion cited in the 
paper. This statement is that ‘‘When 
nonrigid base mixtures are subjected to 
any type of load-bearing or strength 
test, the test specimens should have 
some type of side support if reproducible 
results or indications of service behavior 
are to be obtained. . . . 

In this statement are revealed two 
apparent objectives of the proposed 
method of test: first, reproducibility of 
results, and, second, ‘'indications of 
service behavior.’’ In so far as repro- 
ducibility of results is concerned, it is the 
writer’s opinion that lateral support of 
the sample is not necessary. A few 
years ago the writer conducted an ex- 
tensive investigation of bituminous sta- 
bilized mixtures in which thestabilometer 
test or “triaxial compression” was used 
as a basis of evaluating the strength 
or stability of the mixtures. For pur- 
pose of simplification and economy in 
obtaining comparative values on a large 
number of different mixtures, the un- 
confined compression test was used, 
which actually is a special case of tri- 
axial compression in which the lateral 
support is zero. Results of these tests 
were quite consistent and comparisons 
of different mixtures followed as definite 
a pattern throughout the investigation 
as could normally be expected in such 
mixtures. While extensive duplication 
of identical samples was not provided, 
there was every evidence of acceptable 
reproducibility. From this, the writer 
concludes that lateral support is not 
necessary for reproducibility of results, 
and, as a matter of fact, the work of the 
committee indicates the necessity for 
extreme accuracy in controlling dimen- 
sional effects involved in the high degree 


of confinement which the extrusion test 
includes. This in itself is evidence that 
the introduction of a high, degree of 
lateral confining influence may be the 
source of poor, rather than good, re- 
producibility in the test procedure. 

The desirability or, necessity of, some 
type of lateral support if the test is, to 
be ,a ,measure of service, behavior is a 
contention with which the writer can 
express wholehearted agreement. It 
would appear that the magnitude and 
character of the lateral support fur- 
nished is the crux of the situation in con- 
nection with devising a test which will 
simulate service behavior. In the 
writer’s investigation, the failure to 
supply any lateral support can be prop- 
erly criticized as being less favorable to 
nonrigid mixtures than the actual con- 
ditions encountered in the road surface. 
However, in favor of the stabilometer 
test it may be said that it introduces the 
possibility of regulating the lateral sup- 
port through any desired range, making 
it possible to reproduce field conditions 
whenever they can be specified. In 
other words, this test provides flexibility 
in meeting field conditions, which so far 
as the writer knows is not available in 
any other type of test. 

In the investigation by the committee 
it would appear to the writer that their 
proposed test goes to the other extreme, 
furnishing such a high degree of , lateral 
support and confinement that the so- 
called strength or stability value com- 
pletely masks any inherent weaknesses 
which these mixtures may possess under 
actual service conditions. In the paper, 
the stability values reported show a 
range of several thousands of pounds 
amounting to pressure intensities of the 
same order of magnitude as com,pared 
to nor,m,al tire pressures not exceeding 
100 psi. It is the writer’s belief , that 
an acceptable ,test in so far as indications 
of service Behavior are ■ concerned lies 
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somewhere between these two extremes. 
It is further contended that the stabilom- 
,eter or triaxial .compression test is the 
one which gives the most promise of 
being capable. of adaptation to the re- 
quirements of a service performance 
test. , 

As. stated previously in this discussion, 
the writer does not wish to obstruct the 
committee's earnest effort to present a 
test for use in evaluating soil-bituminous 
mixtures. As explained further in the 
discussion, the primary objection is to 
the test being identified as a strength or 
stability test. With these objections 
in mind, the writer would be perfectly 
willing to accept the proposed test as a 
temporary expedient if all reference to 
strength or stability were deleted. This 
could rather simply be done by changing 
the term ‘^strength characteristics” to 
^^extrusion value” in the title and state- 
ment of scope, and making corresponding 
changes in the discussion of the test 
assembly under ^ ^Apparatus,” and in the 
description of the test itself in the con- 
cluding paragraph of the proposed test 
procedure. 

To some, it might appear that the 
writer’s objections are rather superficial, 
inasmuch as the objections can be elimi- 
nated by what might be even termed 
editorial corrections. However, it is 
believed that from the preceding dis- 
cussion it can be appreciated that the 
objections are much more fundamental 
than that and involve principles which 
should not be compromised. As the 
matter stands, if the test were pre- 
sented for acceptance under its present 
title and with the unavoidable implica- 
tion that it provides “indications of serv- 
ice behavior,” the writer would feel 
compelled to cast a negative vote and 
would likewise feel compelled to attempt 
to persuade others to take similar action. 

Mr. P. F. (mthor^s closure by 

letter} —When the paper, “Develop- 
ment of a Method of Test for Soil Bitu- 


minous Mixtures,” which is actually a 
report of the work of the Bituminous 
Producers’ Cooperative Research Com- 
mittee, was reviewed at the June 1946, 
meeting of the Joint D-4, D-18 Subcom- 
mittee on Tests and Specifications for 
Stabilized Soils, a lively discussion fol- 
lowed. A number of questions were 
asked concerning the test procedure, and 
a number of objections to the proposed 
test method were raised. When the 
paper was presented, Mr. Housel made 
further comment. Since then, Mr. V. 
A. Endersby has presented further re- 
marks concerning the test method. The 
more important comments made at the 
Joint D-4, D-18 meeting and those pre- 
sented by Messrs. Housel and Endersby 
are treated in detail below: 

Need for Test: 

The need for a test of this kind is evi- 
dent from the fact that the “Procedures 
for Testing Soils” published in 1944 con- 
tains fourteen methods of test proposed 
for use in testing soil-bituminous mix- 
tures. In addition to the fourteen 
methods listed therein, there are other 
methods — such as the Texas Modified 
Bearing Value Test — and modifications 
and combinations of some of these tests 
that would possibly bring the total of the 
tests now in use for bituminous stabil- 
ized soil mixtures to at least twenty-five. 
A large number of these test methods are 
quite similar as to size of specimen, type 
and amount of compaction, and types of 
absorption and strength tests. In the 
interests of progress, efficiency, and 
economy, it is only logical that someone 
or some group should attempt to de- 
velop a mutually acceptable test method 
that might be used in referee cases. 

The need for this type of test was 
voiced by the Civil Aeronautics Author- 
ity to members of the B.P.C.R. group 
over five year ago. In fact, that was 
the reason why the cooperative develop- 
ment of this method of test was begun. 
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Curing Specimens: 

In. the ^Trocedtires for Testing Soils/^ 
all but one of the fourteen test methods 
proposed for use with soil bituminous 
mixtures require or allow curing of some 
kindj and all but one of these specify that 
the curing be carried out at 140 F. It 
appears, then, that the consensus of 
opinion of those who test and work with 
these mixtures is that curing of some 
type— -either compulsory or optional — 
should be included in any test method, 
and that this curing should be done at 
140 F. 

In the scope of the test method, it is 
stated that unless otherwise specified^ 
soil emulsified asphalt specimens shall 
be tested in the cured state and soil as- 
phalt and soil tar specimens shall be 
tested in the uncured state.^’ Concern- 
ing the soil asphalt and soil tar speci- 
mens, it is stated in Section 8 (c) of the 
test method that, 'fif desired, additional 
specimens may be tested in the cured 
state and the results identified as such.’’ 
In other words, it is required unless 
otherwise specified that the emulsified 
asphalt soil mixtures be cured prior to 
test, and recommended that the cutback 
asphalt soil and tar soil mixtures be 
tested in the uncured state. Provision 
is made, however, for testing cured speci- 
mens of soil asphalt and soil tar, if cured 
specimens are desired. 

Difference in Degree of Curing — Emulsi- 
fied Aspholt versus Cutback Asphalt 

and Tar: 

When soil-water-emulsified asphalt 
specimens are cured at 140 F., all of the 
loss is moisture loss, so that a definite 
percentage of loss can be specified. 
When curing to a definite percentage of 
loss, any differences in the eflciciencies of 
drying ovens are thus prevented from 
appreciably affecting the final test re- 
sults for water absorption and strength. 

However, if soil-water-cutback as- 


phalt or soil-water-tar mixtures are cured 
at 140 F., the loss is not all moisture but 
is, in part, loss of volatiles from the 
bituminous material employed. Since 
this amount of volatile loss varies with 
the type and composition of the bitumi- 
nous material, it would be difficult to 
specify definite percentage of loss. 
Therefore, it' was thought Best to cure 
such spedmens~if curing is desired—to 
constant weight. It is admitted that 
different ovens may cure to various de- 
grees due to different efficiencies, but 
this objection could be overcome only 
by very complete specifications for the 
t3rpe, size, construction, and operation 
of ovens to be used for curing. 

Use of Strength Test Results: 

The strength test is included in the 
method only to assist in determining the 
optimum percentage of bituminous mate- 
rial for use with a given soil The 
strength data are not intended for use 
in the design of subbase, base or pave- 
ment thickness. 

Extrusion versus Strength Test: 

Mr. Housel has suggested that the test 
method measures ^ ^extrusion value” 
rather than “strength” of the mixture 
under test. It is admitted to be .a moot 
question as to whether the extrusion 
or punching shear method used in the 
proposed test is truly a measure of mix- 
ture strength applicable to stabilized 
soil road construction. However, there 
is no objection to stating that the 
“stability,” “strength” or “load re- 
sistance” is determined by an extrusion 
or punching shear test. 

B,P,C,R, Test versus Triaxial or Com- 
pression Test: 

. . Objections have been raised to the 
use of an .extrusion, type of test. The 
pimching shear, test as employed in the 
proposed,, procedure expresses results 
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which can be reduced to unit shear and 
are, it appears, as scientific as those 
obtained with a triaxial or a compression 
test. One of the features of the usual 
triaxial test is a so-called ‘^cohesion” 
value which is calculated from the test 
results and generally bears little relation 
to the actual cohesion of a soil mixture as 
measured by simple tension tests. ; 

The necessity for accurate dimensions 
of equipment, as indicated by the effect 
of a slight variation in the internal diam- 
eter of the testing mold (Fig. 3), merely 
emphasizes the need for maintaining the 
testing equipment in proper condition. 
This does not appear to be a valid criti- 
cism of the test method itself. 

Differential Mixing Times to Determine 
Mixing Optima: 

The “fluff-point’^ or optimum mixing 
time, suggested by Mr. Endersby, ap- 
pears to be dependent upon the equip- 
ment, as indicated in Fig. 7 of his com- 
ments, With soil No. 1, the drill press 
mixer gives a maximum strength of 54 
lb. in If min., whereas the single pug 
mixer reaches the optimum point in 3 
min. with the mixture having a strength 
of 49 lb. With soil No. 2, the drill press 
mixer reaches the “fluff-point” at 1 min. 
with a strength of 40 lb.; whereas the 
single pug mixer gives optimum strength 
of 14 lb. in If min. and continues at that 
optimum strength up to a mixing time 
of about 5 min. 

The main object in the development 
of the B.P.C.R. test procedure was to 
devise a method which would give 
results that could be reproduced by 
different laboratories. For this reason, 
definite mixing times based upon labora- 
tory experience were selected and speci- 
fied in the test method. The “fluff- 
point” or optimum point depends upon 
catching the optimum mixture “on the 
run,” Certainly, any procedure based 
upon such a feature will encounter 


great difficulty in yielding reproducible 
results, let alone reproducing such “on 
the fly” laboratory results during field 
construction. 

Aggregate Breakage During CompacUon: 

Since the test procedure was designed 
primarily for use with soils (passing the 
No. 4 sieve) with which bituminous 
materials are admixed to impart re- 
sistance to the softening action of moist- 
ure, it is not intended for use with gravel. 
The pre-compaction tamping — 25 blows 
of a 1200-g. (2.5-lb.) tamper dropped 
from a height of 6 in. above the bottom 
of the specimen being formed — is in- 
tended only to orient the particles in the 
mixture, so as to obtain more uniform 
density in the specimen when it is finally 
compacted — under a 6000-lb. load held 
for 2 min. This pre-compaction tamp- 
ing, then, is not intended primarily for 
compaction, as is true in the Proctor or 
Modified Proctor Methods, in which the 
5.5-lb. rammer is dropped from a height 
of 12 or 24 in. above the top of the speci- 
men being formed. Thus, the risk of 
crushing the soil particles when follow- 
ing this procedure is practically nil. 

For clean gravels (for which this test 
is not intended) excessive compaction 
loading will produce crushing. There 
does not seem to be any general agree- 
ment as to the maximum permissible 
loading in such cases. It appears that 
this value must be determined for each 
type of gravel. 

Validity of Test Results: 

The test procedure does not attempt 
to advocate that a given soil bituminous 
mixture shall or shall not be cured prior 
to test; it merely outlines the operations 
for either case as the problem may re- 
quire. Nor has the procedure been 
devised to indicate a preference for or 
advantage of any one bituminous mate- 
rial over another for use in stabilized 
soil mixtures, but merely to give a test 
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method best suited to each product 
— whether cutback asphalt, emulsified 
asphalt, or tar. The effects of mixing, 
curing, water immersion, and strength 
testing were each considered in detail 
and thoroughly explored in the develop- 
ment of the test method. The matter 
of personal opinion concerning the vari- 
ous steps in the test procedure was thus 
eliminated. 

As mentioned in the paper, the pro- 
posed method of test is quite similar to 
many already in use. In the develop- 
ment of this method, particular care was 
taken to provide control features that 
eliminate many of the factors in present 
test methods that are responsible for 
poor reproducibility of results by differ- 
ent laboratories. The committee has 
shown that with this test method, repro- 
ducible results can be obtained. 

Present Status: 

The proposed test method was pub- 
lished in A.S.T.M. ‘Trocedures for 


Testing Soils’^ (September, 1944), under 
the title “Suggested Methods of Test 
for Water Absorption, Expansion and 
Strength Characteristics of Soil Bitumi- 
nous Mixtures.” It has also been pub- 
lished as Appendix B in the Highway 
Research. Board Current Road Problems 
Bulletin , No. .12, , ^^Soil Bituminous 
Roads,” It is now under consideration 
by A.S.T.M. Joint D-4, D-18 Subcom- 
mittee on Tests and Specifications for 
Stabilized Soils. 

A number of editorial revisions in the 
proposed method have been suggested 
by members of the Joint Subcommittee, 
These include changing the title, re- 
wording the “Scope,” and substituting 
some other term for the word “strength” 
throughout the method. Thus far, no 
changes have been suggested regarding 
specimen size, molding and testing equip- 
ment, preparation of mixtures, formation 
oi specimens, or procedures for curing 
and testing for absorption, expansion, 
and strength characteristics. 



A METHOD OF DETERMINING THE PARTICLE SIZE OF COLLOIDS 
¥R()M SEDIMENTATION DATA OBTAINED WITH THE 
SHARPLES SUPERCENTRIFUGEi 

By Serge A. Logkomsky^ and S. James O’Brien^ 


There are in the literature several 
studies which indicate the applicability 
of the Sharpies Supercentrifuge for the 
estimation of the particle size and the 
fractionation of colloidal systems. In 
most of these (l, 2 , 3 , 4 , 5 , 6 , 7 )^ little 
consideration was given to the mathe- 
matical theory underlying the sedimen- 
tation of particles in this instrument. 
Hauser and Reed (8), however, have 
developed a theory explaining the sedi- 
mentation of a particle in the Super- 
centrifuge and the relationship of the 
sedimentation data to the particle size 
distribution of the sedimented material. 
Their method of applying this theory 
was left in a rather complicated form. 
In later work by Hauser and Lynn ( 9 ) 
and by Hauser and Schachman (10), 
the method was simplified, but certain 
restrictions were introduced that limit 
its apj)licability to systems having a 
narrow range of particle sizes and to 
certain experimental conditions. It is 
the purpose of this paper to suggest a 
method based on the work of Hauser and 
Reed which will permit a relatively easy 
calculation of the particle-size distribu- 
tion of a system from sedimentation 
data such as those shown in Fig. 1, 
without confining the procedure to any 
definite set of experimental conditions. 

^ Presented at a technical session sponsored by Com- 
mittee D-l on Paint, Varnish, Lacquer and Related Prod- 
ucts, held in Buffalo, N. Y., June 26, 1946. . ^ 

* Assistant Chief Physicist and Assistant Chief 
Chemist, respectively, Calco Chemical Division, Am. 
Cyanamid Co,, Bound Brook, N. J. 

3 The boldface numbers in parentheses refer to the 
references appended to this paper, see p. 1450. 


The data in Fig. 1 represent the result 
of a typical sedimentation of an aqueous 
pigment suspension giving the weight of 
sediment collected in each centimeter 
interval along the length of the centri- 
fuge bowl. However, before discussing 
this curve further, it may be well to 
review briefly the operation of the Su- 
percentrifuge and the equation for the 
trajectory of a particle as given in the 
papers of Hauser and co workers (8, 
9 , 10 ). 

In Fig. 2 is shown a schematic cross- 
section of the bowl of the Supercentri- 
fuge. The suspension is fed into the 
rapidly rotating bowl at the bottom; 
it passes two straightening vanes at 
right angles to each other and flows 
up the sides of the bowl in a film form- 
ing a cylindrical ring of radii Ri and i? 2 . 
Ri is the radius of the column of air 
through the center of the bowl and R 2 
is the inside radius of the bowl. 

Since a particle has a velocity com- 
ponent parallel to the axis of rotation 
due to the flow of liquid through the 
bowl, and a velocity component at right 
angles to the bowl due to centrifugal 
force, the path of the particle is curved 
as indicated in the figure. The point at 
which a particle of a given size strikes 
the wall of the bowl depends upon the 
distance from the axis of rotation Xo, 
where the particle enters the bowl. 
The nearer the axis of rotation that it 
enters the bowl the higher it will strike; 
the further away from the axis of rota- 
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Fig, 1.— a Plot of the Weight of Sediment in Each Centimeter Interval of the Centrifuge 
Bowl in the Centrifugation of an Aqueous Pigment Dispersion. 

tion the lower it will strike. This may 
be stated mathematically by the equation 


Xo«/0, D).... (1) 

following the convention and notation 
of Hauser and Reed (8). 

From the hydrodynamics involved in 
the flow of the cylindrical ring of liquid 
through the centrifuge and the law of 
Stokes as applied to a centrifugal field, 
Eq. 1 may be further developed to give 


ISnaiy^ 
03^ Ap 



where : 

y = the distance parallel to the axis of 
rotation traveled by a particle 
starting from y = 0; X = Xoj 
Cl) = angular velocity of the Centrifuge 
(radians per second), 

Xo = the distance from the axis of ro- 
tation (centimeters), 

Ri = the radius of the column of air 
through the center of the bowl, 
(centimeters), 



Fig. 2. — ^Schematic Cross-Section of the Sharpies 
Supercentrifuge, 
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R 2 == the inside radius of the bowl minus 
the thickness of the liner (centi- 
meters), 

D = the equivalent spherical diameter 
of the particle (centimeters), 

= the coefficient of viscosity of the 
dispersion fluid (poises), 

Ap'= the difference in density between 
the disperse and continuous 
phases (grams per cubic cen- 
timeter), and 

« = a constant depending on the volu- 
metric rate of flow of liquid, Q, 
through the centrifuge and the 
dimensions of the centrifuge. 
It is further defined by 

“ 3ieJ + In Ri/Ri - ^R\r\ 

Except for the evaluation of a in terms 
of the average rate of flow of the suspen- 
sion through the centrifuge, this equation 
is the same as that of Hauser and Reed 

(8) for the trajectory of a particle. It 
should be emphasized that in deriving 
this equation, streamline flow parallel 
to the axis of rotation is assumed and 
this may not be strictly true, especially 
at the ends of the bowl. 

The problem at this stage is the 
application of Eq. 2 to the determination 
of the particle-size distribution of the 
sedimented material, avoiding the diffi- 
culties of the method of Hauser and Reed 
and the restrictions of Hauser and Lynn 
and Hauser and Schachman, Briefly, 
the method of Hauser and Reed is diffi- 
cult because it involves the solution of 
sets of n simultaneous equations in n 
unknowns in a method of successive 
approximations. The restrictions intro- 
duced in the later work are ‘That the 
system under consideration be well de- 
fined (particle sizes covering but a small 
range) and that passage through the 
centrifuge be at an appropriate rate” 

(9) * With these restrictions, Hauser 


and CO workers consider that Eq. 1 is 
simplified to 

y^fiXo) (4) 

which states that particles of only one 
size reach the point y on the wall of the 
centrifuge. While the calculations are 
thus simplified, no data obtained in this 
laboratory in the sedimentation of a 
large number of pigment dispersions 
under all sorts of experimental conditions 
have been amenable to this treatment. 
Consequently, a method was sought 
which would be in conformity with the 
kind of sedimentation data obtained in 



Fig. 3. — Sedimentation of a Particle in the 
Supercentrifuge. 

our studies and which would be simpler 
and more direct than that of Hauser, and 
Reed. A stepwise procedure was devel- 
oped by taking into consideration the 
amount of sediment in each small inter- 
val along the wall of the bowl and by 
dealing with a single particle size at a 
time. 

Density of Sediment 
The first step in the development of a 
stepwise method is, as indicated above, 
the calculation of the density of the 
sediment, that is, the weight of sediment 
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per unit of length along the length of the 
centrifuge bowl. If particles of only one 
size are considered, it will be evident 
from Fig. 3 that all particles of this size 
entering the centrifuge in a ring bounded 


velocity of the suspension through the 
bowl, which is given by 


dt ""v ■ 4 



Xo 

11 , 


t) 


( 6 ) 



Fig. 4. — A Plot of Values of f{Xd) for Biifereut Values of Xq Between Rt and i? 2 . 


by .the circles Xo and Xo + dXo will 
be deposited on the wall of the bowl at 
some interval between y and y + iy, 
the value of y depending on that of Xo 
in accordance with Eq. 2. 

The weight of material passing through 
such a ring will be given by 

M ^ m (5) 

where M is the weight of the particles, 
C is the concentration of the mono- 
dispeise suspension (grams per cubic 
centimeter), Ms the time required for 
the sedimentation, and % is the local 


an equation "which occurs as an inter- 
mediate step in the development of Eq. 
2. Also, it is evident that 

M “ mdy (7) 

where m is the density (grams per 
centimeter) of the deposit on the bowl 
between y and y +' rfy. Combining 
Eqs. 2, 5, '6, and 7 leads to . 

#1 « {27rCWApDVl8»?)xJ....... (8) 

That is, for particles of uniform size 
and for a definite set of experimental 
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conditions, the density of the deposit at 
any point along the length of the bowl 
is directly proportional to the square 
of the distance from the axis of rotation 
where the particles enter the centrifuge. 
The stepwise method is then developed 
using Eqs. 2 and 8. 

Stefwise Method of 
APFEOX niATION 

For particles of a single particle size 
Eqs. 2 and 8 may be written as 


y=hf(Xo) (2a) 

m^hCtxl (8a) 


m = ks CtR\ = ki Ct (0.734)2 

The density of the deposit at lower 
values of y is obtained by evaluating Its, 
in Eq. 2a and obtaining the correspond- 
ing value of Xo from the plot of j{X^ 
against X^ (Fig. 4). This is illustrated 
as follows: 

'when ymax. = 20 cm., then 

20 _ 20 
'"/(2ro)xo = Ei - 0^“ 

for y =^10 cm, 

/(Xo) = 10/30,3 = 0.333 



Fig. 5. — A Plot of the Density (in Grams per Cubic Centimeter) of the Sediment on the Bowl of the 
Centrifuge Against the Distance from the Bowl Entrance. 


Since a relationship between y and m 
is desired, a plot of J{X^ against Xo 
is required. Such a plot is shown in 
Fig. 4, using the values of Ri = 0.734 
cm., and i ^2 = 2.222 cm., for the cen- 
trifuge bowl used in our work. From 
Fig. 3, it is apparent that if a material 
of uniform particle size is completely 
sedimented within the bowl, those par- 
ticles reaching the maximum value of y 
enter the centrifuge at Xo = Xi, and 
the density of the deposit at this point 
will be given by 


Xo is found from Fig. 4 to be 1.120 cm. 
and the density at y = 10 cm. of the 
deposit of particles which are completely 
sedimented at y = 20 cm. will be 

m -=^ hCt ( 1 . 120)2 

Figure 5 shows how the density of 
the sediment varies with y for a ma- 
terial of uniform size which is completely 
sedimented at y = 20 cm. The calcu- 
lations were made using C = 0.005 g. 
per cubic centimeter, t = 333 sec. 
From the form of Eqs. 2a and 8a, it is 
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obvious that a similar plot for material of 
any other size can be obtained from Fig.. 
5 simply by changing the coordinates as 
is illustrated with the second set of ab- 
scissae given in the figure. 

In practice it is convenient to deal 
with the deposit in intervals of, say, 
1 cm, rather than with the deposit at a 
point. Considering Fig. 5 ' again, the 
area under the curve is proportional to 
the total weight of material of a uniform 
size. The area under the curve between 
any two values of y is proportional to 


TABLE II.— CALCULATION OF PARTICLE SIZE 
FROM SEDIMENTATION DATA WHEN MATE- 
RIAL IS COMPLETELY SEDIMENTED IN 
CENTRIFUGE BOWL. 


Centimeter 

Interval 

Gross 

Sedi- 

ment, 

g. 

19 to 20 
cm. 
Sedi- 
ment 

Resi- 

due 

9 to 10 
cm. 
Sedi- 
ment 

Resi- 

due 

19 to 20 

0,0500 

0,0500 




18 to 19 .... . 

0.0S35 

0.0535 




17 to 18 

0.0580 

0.0580 




16 to 17.,... 

0,0640 

0.0640 




IS to 16 

0,0700 

0.0700 




14 to .1,5,.... 

0.0765 

0.0765 




13 to 14 

0,0830 

0.0830 




12 to 13 

0.0890 

0.0890 




,11 to- 12 

0,0960 

0.0960 




1,0 to 11 .... . 

0.1095 

0.1095 




9 to 10 

0.1670 

0.1170 

o'. 0500 

o'.osoo 


8 to 9 

0.1875 

0.1285 

0,0590 

0.0590 


7to a..... 

0.2110 

0.1415 

0.0695 

0.0695 


6to 7 

0.2395 

0.1580 

0.0815 

0.0815 


S to 6 .... . 

0.2740 

0,1775 

0.0965 

0.0965 


4 to 5 1 

0.3130 

0.1975 

0,1155 

O.llSS 


3 to 4 

0.3660 

0.2230 

0.1430 

0.1430 


2 to 3 

0.4300 

0.2530 

0.1770 

0.1770 


1 to 2 .... . 

0,5045 

0.2805 

0.2240 

0.2240 


0 to 1 

0.7225 

0.3975 

0.3250 

0.3250 


Total ..... 

4.1645 

2.8240 

1.3410 

1.3410 



the weight of material of this size col- 
lected in that interval of the centrifuge 
bowl The family of curves that may 
be obtained then are best summarized 
in a form such as that given in Table I, 
where the ratios of the area under the 
curve at each centimeter interval to the 
area under the last centimeter interval 
for material being completely sedimented 
in each centimeter interval of the bowl 
are tabulated. 

Application of Method When 
Overflow is Negligible 


by means of the following simple. example 
of the sedimentation . of a material, the 
weight of which is divided between two- 
particle' sizes, both being completely 
sedimented in the bowl. The sedimen-* 
tation data obtained in such a centrifu- 
gation-are given in the second column 
of Table II which gives the weight o£ 
the sediment collected in each centi- 
meter interval along the wall of the bowL 
The third column gives the weight in 
each centimeter interval of material of 
that size completely sedimented out in 
the 20th centimeter interval. It is 
calculated from the weight in the last 
centimeter interval and the ratios given 
in Table I for the 20th centimeter inter- 
val. The weight of the remaining ma- 
terial is given in the fourth column of 
this table. Since there is no residue 
beyond the 10th centimeter, the corre- 
sponding particle sizes are absent. The 
fourth column contains the weight of 
material of that size which is completely 
sedimented out in the 10th centimeter. 
This is calculated from the residue in 
the 10th centimeter and the ratios given 
in the corresponding column of Table I. 
The particle sizes of the two fractions 
are then calculated from the values of 
ymax. (that is, 20 cm. and 10 cm.) using 
Eq. 2 in the form 


ijj, i??, 4 . 4- isr 


or using the bowl constants for the cen- 
trifuge employed in this work 


_ 1.92G^ 


(2c) 


While the numerical examples given 
above have included the last centimeter 
intervals, it should be emphasized that 
data taken from the sediment at the 


The use of this method is illustrated ends of the bowl are likely to be untrust- 
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worthy because of the possibility of 
turbulence. In practice, the deposit in 
the last two centimeters is included with 
the overflow. Some error will be intro- 
duced into the whole distribution by the 
necessity of including the sediment from 
the first 2 cm., but most of the uncer- 
tainty will show up with the largest 
particle sizes, that is, those completely 
sedimented in the first 2 cm. 

Application op Method When 
O vEEPLOw IS Not 
Negligible 

If the disperse phase is not completely 
sedimented in the bowl but passes partly 
into the overflow, the method is not as 
satisfactory. Yet, even in this case a 
fairly good approximation can be made. 
This is done by considering that the 
particle size of the material in the over- 
flow is the same as that sedimented in 
one of the upper centimeters, for exam- 
ple, the 18th centimeter of the bowl. 
First, however, it is necessary to calcu- 
late the length the bowl required for 


complete settling of material of a single 
partidie size, a certain weight of which is 
found in the 18 th centimeter. The third 


TABLE III.-CALClTLAnON OF FARTICLK SIZK 
FROM SEDIMENTATION' DA'fA WHEN 1TIE 
WEIGHT OF MATERIAL IN TOE OVJOIFLOW 
IS SIGNIFICANT. 


Centimeter 

Interval 

Sedi- 

ment 

S|| 

,2 

Over- 

How Resi- 
Scdi” due 
ment 

9 to 

to Resi- 
vSedi- due 
ment 

Overflow 

0.194 


0.194 ... 


19 to 20 

0.008 


0.008 ... 


18 to 19....... 

0.009 


0.009 ... 


17 to 18 

0.010 

i.oo 

0.010 ... 


16 to 17 

0.010 

1 .04 

0.010 ... 


15 to 16....... 

0.011 

1,09 

0.011 ... 


14 to IS 

0.011 

1.13 

o.on ... 


13 to 14....... 

0.012 

1.17 

0.012 ... 


12 to 13....... 

0.012 

1.23 

0.012 ... 


11 to 12 

0.013: 

1.29 

0.013 ... 


10 to 11 

0.013 

1.33 

0.013 ... 


9 to 10 

0,114 

1.39 

0.014 O.lOO 

ohoo 

8 to 9 

0.132 

1.44 

0.014 0.118 

0.1 18i ... 

7 to 8 

0.1 SI 

1,52 

0.()15 0.1.?9 

0.139 ... 

6 to 7 ..... . 

0.179 

1.59 

0,016 0.163 

0.163 ... 

5 to 6 

0.210 

1 .66 

0.017 0.193 

0.193 ... 

4 to 5 

0.249 

1.75 

0.018 0.231 

0.231 ... 

3 to 4 

0.30S 

1 .86 

0.019 0.280 

0.286 ... 

2 to 3 , 

0.374 

2.00 

0.020 ()..L54 

0..354 

Ito 2 

0,471 

2,26 

0.023| 0.448 

0.448 ... 

0 to 1 

0.678 

.2.78' 

U.02H1 0.650 

0.650 ... 

Total 

3.156 


0.474| 2.682 

2.682 ... 


Equivalent overllow - X inu * 1.9-I. 



20 40 60 80 lOO C20 I40 ISO I0O 

LENGTH of BOWL for COMPLETE SEDlMENTAtlON , Cm 


Fig. 6.— a Plot of the Theoretical Length of Bowl Required for Complete Sedimentation of Overflow 
of Uniform Particle Size for Various Amounts of Overflow Relative to 100 mg. of Sediment in. 

the 18th Centimeter Interval 
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set of abscissae in Fig. S indicates the 
relationship between the sediment of 
uniform size in the 18th centimeter and 
that in the overflow if the particles are 
completely sedimented in a bowl 40 cm. 
long. It is possible then to make a plot 
of the weight of material in the overflow 


amount of the material in the overflow 
is significant is illustrated in Table III 
for a material that is made up of two 
particle sizes, one of which is completely 
sedimented in the bowl, a part of the 
other being carried into the overflow. 

The total weight of sediment is given 



against the length of bowl required to 
settle the particles completely. This is 
illustrated in Fig. 6, where the weight of 
overflow relative to 100 mg. of sediment 
in the 18th centimeter is plotted against 
the length of the bowl required for com- 
plete sedimentation. 

The treatment of the data when the 


in the first column. From the weight of 
material in the overflow, the weight of 
the sediment in the 18th centimeter and 
Fig. 5, the length of bowl that would be 
required for the complete sedimentation 
of the “fines” is calculated. In order 
to use Fig. 5, which is based on 100 mg. 
of sediment in the 18th centimeter, it is 
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Fig. 8.— Particle-Size Distribution Obtained by Sedimentation in the Supercentrifuge for Iron Blue 
After Grinding into Linseed Oil and Diluting with Xylene. 

■ : f 



Fig. 9. — -Particle-Size Distribution of a Nonsettling Iron Blue Pigment Obtained by Sedimentation 
of an Aqueous Dispersion in the Sharpies Supercentrifuge. 


necessary to calculate an equivalent 
overflow , for example : 


0.194 

Flquivalent overflow — X 100 ~ 1.94 

Then from Fig. 5 it is found that the 
length of bowl required for sedimenta- 


tion of the overflow is 50 cm,. The ratios 
given in the third column of Table III 
are obtained from a curve such as that 
in Fig. 4 expanded to ym«, = 50 cm.; 
they are the ratios of the areas under the 
curve between each centimeter interval 
to the area under the, curve at the 18th 
centimeter. The fourth column gives 



Fig» lO.—Electronmicrograph of a Nonsettling Iron Blue Pigment in an Aqueous Dispersion 

(X 16,000). 


Results 

To illustrate the type of results ob- 
tained by this method it would, of course, 
be advantageous to deal with a dispersion 
of spherical particles of uniform size. 
The closest approach to these criteria 
encountered ih our work were obtained 


not spherical, it is at least globular; 
and while the particle size varies, it lies 
within narrow limits. To obtain com- 
parative results by sedimentation in 
the Supercentrifuge, the same pigment 
was ground into linseed oil and diluted 

4 Electronmicroscopical work was done by C. Maresli 
and Ann M. Harding, to whom the thanks of the authors 
are due. 


the weight of sediment of overflow size 
obtained from these ratios and the. 
weight of sediment collected in the 18th 
centimeter. The remaining calculations 
are like those described above for particle 
sizes completely sedimented within the 
bowl. 


in dispersion of iron blue pigments in 
nonaqueous media. The electronmicro- 
graph^ (Fig. 7) is an example of a dis- 
persion of iron blue in linseed oil. That 
is, the film for the eleetronmicrograpli 
was cast from a linseed oil ink of th^^ 
pigment. While the particle shppe is 
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with xylene to a pigment concentration 
of 5.5 per cent. The size distribution 
obtained by applying the method de- 
scribed above is shown in Fig. 8. The 
particle sizes indicated in this figure 
all found in the electronmicrograph. 
While have made no attempt to ob- 
tain the distribution by the elec- 
tronmicroscopiC 2 ^,.:jnethod, it seems safe 
to conclude that the particle sizes ob- 
tained by the sedimentation mefcod are 
of the correct order of magfrife«a^. 

Another interesting example ctnacerns 
the determination of the particle-^^^ 


electronmicrograph, (Fig. 10) made using 
a- film, cast from an aqueous dispersion of 
this pigment indicates the cause of this 
apparent discrepancy . The gel-like floes 
that are shown In the micrograph ap|>ar- 
ently sediment as rather stal)]e units. 
This explains the ])e('iiliar settling be- 
havior of iron blue ])igments (12) from 
water dispersions and emphasizes the 
necessity of obtaining good dispersion 
in order to obtain the correct size dis- 
tribution of a particular disperse phase. 

To illustrate the reproducibility of the 



Fio. 11. — Duplicate Determinations of the Particle-Size Distribution of an lUtrarnarine in 

Aqueous Dispersion Dbtained by Sedimentation in the Superccntrifu.i:!:(.‘. 


distribution using a water dispersion a 
nonsettling iron blue pigment. The 
surface area of this pigment in the dry 
state was determined by gas adsorption 
measurements using the Brunaner-Em- 
mett-Teller (11) method of calculation 
so that some idea of its particle size was 
available. Actually, the surface area 
obtained corresponded to that of parti- 
cles having a mean diameter of 0.06 ju. 
It was rather perturbing, then, to obtain 
the size distribution shown in Fig. 9, 
which indicates the presence of particles 
about ten times larger. However, the 


minations on a .dispersion of an ultra- 
marine pig..ment in water are shown in 
Fig. 11. The overflow and finer particle 
size fraction settled in the bowl agree 
well in the two experiments. The devia- 
tion between the results obtained for 
the size of the larger particle size frac- 
tion is, of course, considerable. It arises 
chiefly from the fact that this fraction is 
completely settled in the first few cent!-, 
meters in' dhC' ■centrifuge bowl, and the 
sedimentation is greatly, influenced .by 
the. turbulence in the first 2 cm. of the 
bowl. 
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Experimental Procedube: 

The details of the procedure followed 
in obtaining the experimental results 
given above are as follows: 

The bowl of the centrifuge used in the 
sedimentation of aqueous dispersions 
was lined with a sheet of 0.010-in. viny- 
lite VS 1310 clear; paper was used for 
nonaqueous systems. A steam-driven 
No. 1 Sharpies centrifuge was used. 
The centrifuge was brought to the 
desired speed while pure medium was 
allow^ed to flow through the bowl. The 
speed of the centrifuge was obtained 
with the 500:1 counting gear supplied 
with the instrument. The rate of flow 


The sediment was then scraped from these 
strips into weighing bottles. The weight 
of the sediment in e^ch centimeter strip 
was obtained after drying in an oven. 

The actual speeds and rates of flow 
employed in obtaining the four particle- 
size distributions given above are shown 
in Table IV. 

In calculating the particle sizes, the 
viscosities of the pure media fv'ere used; 
that of water was obtained from the 
values in Tniernational Critical Tables 
(14) by interpolation. The viscosity of 
the xylene used was measured with an 
Ostwald pipet. The densities of the 
pigments were taken from Gardner (IS). 


table IV. -speeds and rates of flow used 
TO obtain PARTICLE-SIZE DISTRIBUTIONS. 


Dispersion 

Speed, 

rpm. 

Rate of 
flow, 
cii. cm. 
per 

second 

Tem- 

pera- 

ture, 

deg. 

Cent. 

1. Iron Hlut— xylene 

47 300 

2.07 

30.0 

2, Iron Blue —water 

27 300 

2.65 

21.5 

3. Ultramarme-— Water (I),', 

1 

23 500 

4.67 

24.5 

4. Ultramiarine— Water (II), 

21 900 

4.55 

25.0 


was maintained by means of a device 
based on the Mariotte principle similar 
to that described by Zentner (13). 
Usually 1 liter of suspension containing 
4 to 5 g. of dispersed phase were passed 
through the centrifuge, the speed and 
rate of flow being determined near the 
beginning and again near the end of the 
passage of the suspension into the bowl. 
Then a liter of pure medium was allowed 
to pass through the bowl. In order to 
prevent redispersion, 1 per cent aluminum 
sulfate solution was passed through the 
centrifuge in the case of the aqueous dis- 
persions; ethanol was used for this pur- 
pose for the xylene-iron blue dispersions. 
When the lining was removed from the 
centrifuge, it was cut into 1-cm. strips 
using an ordinary paper-cutting board. 


Conclusion 

The method proposed in this paper for 
calculating the particle-size distribution 
of a colloidal material from sedimenta- 
tion data obtained with the Sharpies 
Supercentrifuge is much simpler in its 
application than the method of Hauser 
and Reed. It is in better agreement 
with the type of sedimentation data 
obtained in the centrifuging of aqueous 
and nonaqueous pigment dispersions 
than the modified methods of Hauser 
and Lynn and Hauser and Schachman. 
The method seems to give particle sizes 
of the correct order of magnitude. It 
gives fairly reproducible results, the 
reproducibility being better when the 
experimental conditions can be arranged 
so that the larger particle sizes are not 
completely sedimented in the first few 
centimeters of the bowl. While it may 
not be possible to recommend it as a 
precision method, the results obtainable 
in studies of pigment dispersions such as 
those illustrated above have been of 
great value in explaining the behavior of 
these systems. It is especially valuable 
when used in ccnjunction with electron- 
microscopical and gas adsorption studies 
as has been done in our work. 
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DISCUSSION 


Mr. a. R. LtfKENS.^— For some time 
we have been making particle size 
distributions on materials down to 0.1/x 
or less, using a centrifuge method. The 
paper just presented shows the results 
of good mathematical approach. I have 
a suggestion to make that I believe ma)’^ 
be helpful. If the computations were 
reduced to nomograms and then the 
nomograms used to mE^te a concentric 
circular slide rule, this might reduce the 
time required for computation. 

Mr. S. J. O^Brien {author) 
procedure, of course, was used by 
Hauser and Schachman. They actually 
divised such a slide rule for their calcula- 
tions and it is true that the problem can 
be greatly simplified by the use of such a 
device. Also with some of the new 
calculating machines that are available, 
the whole method can be made much 
more accurate. 

Mr. LtT'KBNS. — ^What are the man 
hours required to determine distribution 
to 0,1/i? 

Mr, O’Brien.— I should give it an 
8-hr. day for the laboratory and the 
calculations. 

Mr. UnKENS.— What means do you 
use to determine the completeness of 
dispersion, of a given material in a given 
vehicle, for the sedimentation? 

Mr. O’Brien' —J ust trial and error. 
The example of the sedimentation of 

1 Vice-President, Powdered Material Researcia Labo- 
ratory, Cambridge, Mass. 


iron blue from the aqueous dispersion as 
given in the paper is an illustration of 
this difficulty. As in this case the 
electroninicroscope is often used to help 
in determining the degree of dispersion 
obtained. 

Mr. Lukens. — ^Dispersing agents vary 
in effectiveness. Determination of vis- 
cosities against graduated proportions of 
agents are of interest. Watch to deter- 
mine the lowest point of the curve. Too 
much dispersing agent, through building 
multilayers, may prove confusing. 

Mr. O’Brien. — ^I agree, but we have 
nothing original to contribute in that 
line at this time. We have troubles the 
same as anyone else,, making particle 
size determinations. 

Mr. E. W. McMullen.^ — ^I should 
like to ask Mr. O’Brien how he actually 
makes the weight determination of the 
material collected in the bowls? 

Mr. O’Brien. — ^The bowl is lined 
with a plastic of some sort. We use a 
sheet of vinylite, about 0.01 in. in thick- 
ness. After the sedimentation, theJiner 
or sheet is slipped out of the bowl and 
then it is cut up in the centimeter strips. 
We use an ordinary paper cutter for this 
purpose. The sediment, then, can be 
scraped off the strip of vinylite, put into 
weighing bottles and weighed. (See 
also under ‘‘Experimental Procedure” 
in the paper.) 

2 Director of Research, The Eagle-Picher Co., Joplin, 
Mo. 
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EFFECT OF TEMPERATURE AND HUMIDITY ON MECTIANICAL 
PROPERTIES OF MOLDED CELLULOSE ACETATE PLASTICS* 

Welch, ^ R. F. Hayes*-* T. S. Carswell,*-* and H. K. Nason'-* 
Synopsis 

Four molding compouiJd-fQxmulations, covering a range of flow gradings, 
were prepared from medium-ace!^. (37.7 per cent) and four from higli-acetyl 
(41.0 per cent) cellulose acetate. Test specimens were injection-molded from 
these formulations and physical prdp^rties were determined by standard 
A.S.T.M. procedures. The effects on yiel<and ultimate strengths in tension, 
elongation, modulus of elasticity, yield sfcrengfeili flexure, and impact strength, 
resulting from variations in ambient temperatiiife over the range from —25 
C. (-13 F.) to 80 C. (176 F.), and of variation in relative humidity at 25 C. 

(77 F.) over the range from zero per cent to saturation, were determined 
and the results are shown in graphical form. Some data showing the effect 
of exposure to weather on tensile properties of two of the formulations are 
presented also. The practical importance of these data is discussed. 


In recent years, plastic materials have 
been used to an increasing extent for ap- 
plications where dependable performance 
must be assured over a wide range of 
ambient atmospheric conditions. In- 
telligent engineering design for such ap- 
plications requires data on the mechan- 
ical behavior of the materials under all 
conditions which may be encountered in 
service, and such data have been scarce. 
The work reported herein was undertaken 
to provide information on the mechanical 
properties of cellulose acetate molding 
compositions over the customary range 
of atmospheric temperatures and humid- 
ities. 


Materials 

Eight typical cellulose acetate molding 
compositions were prepared by standard 
commercial techniques- four from cellu- 
lose acetate of medium acetyl content 
(37.7 per cent) and four from cellulose 
acetate of high acetyl content (41.0 |:>er 
cent). Mixtures of phthalate and phos- 
phate esters, were used as plasticizers. 
The finished compositions, which were 
representative of co.mmercial products, 
are further characterized in Table I. 

Specimens were injection-molded on a 
2-oz. Reed Prentice machine, using pre- 
dried compositions (l.S to 2 hr, at 200 


-Presented at the Forty-ninth Annmi Meeting of the F.) Under Conditions experimentally de- 

Co„ Plastics termined to be optimum for each ma- 

*2 iPresent^ address; Gering Products Co., Kenilworth, tciial and molded Shape. The moldingS 

®^resent address; Manager, Research and Develop- WerC t,horOUghly , rando..mized before SC- 

meat Dept., Commercial Solvents Corp., Terre Haute, lecting groups.of specimens for the Vari- 

< Present address: Monsanto Chemical Co., Central 
Research Dept., Dayton, Ohio. OUS leSlS. 
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Test Methoib 

A.S.T.M. test methods were used 
throughout. The pertinent references 
are given below: . 

Tensile Properties.— k.SiTM, Tenta- 
tive Method of Test for Tensile Proper- 
ties :of Plastics (D 638, - 41 T)^, type 
II specimen. Tests were run at a cross- 
head speed of 0.2 in. per minute, using 
a Tillius Olsen Universal testing machine. 
Data were obtained on yield strength, 
ultimate strength, and ultimate elonga- 
tion; and stress-strain curves, from which 
moduli of elasticity were calculated, 
were obtained also. At least six tests 


Materials (D 256 43 T) .^ Specimens 

0.5 by 0.5 by 5.0 in., with a machined 
notch in the center, were broken by the 
Charpy method, using a Tinius Olsen 
impact tester of 100 in-lb. capacity. 
Appropriate notches were then machined 
into the broken halves, and these, after 
reconditioning, were tested by the Izod 
method using a Bell Laboratories (Bald- 
win-Southwark) impact tester. All 
notching was done at 400 rpm. with a 
single-tooth diamond milling cutter, and 
representative specimens were examined 
microscopically to insure conformance 
with specifications for contour of the 
notch. At least five Charpy tests and 


TABLE L— CELLUI OSE ACETATE MOLDING COMPOSITIONS. 


Sample No. 

A.S.T.M. Classification® 

A.S.T.M. Flow 

1 Temperature 

Acetyl 
Content 
of Base 
Acetate, 
per cent 

Plasticizer 
Content, 
per cent® 

A.S.T.M. Distortion 
Temperature 

Type 

Grade 

deg. Cent. 

deg. Fahr. 

deg. Cent. 

deg. Fahr. 

No, 1 

II 

7 

158 

316 

37.7 

28.6 

75. 5 

168 

No, 4 

I 

2 

149 

300 

37.7 

28.4 

73.0 1 

163 

No. 2 

m 

9 

146 

295 

37.7 

32.3 

72.5 

163 

No. 3 

III 

10 

135 

275 

37.7 

37.2 

66.0 

151 

No. 5 

IV 

13 

160 

320 

41.0 

25.0 ^ 

69.5 

■157 

No. 8 

IV 

14 

152 

306 

41.0 

27.0 

67.5 

154 

No. 6 

IV 

15 . 

145 

293 

41.0 

30.9 

60.0 

145 

No, 7 

III 

10 

134 

1 

273 

41.0 

35.6 

SO. 5 

123 


® A.S.T.M. Tentative Specifications for Cellulose Acetate Molding Compounds (D 706 - 44 T), 1944 Book of A.S.T.M. 
Standards, Fart III, p. IS#. Conformance to these classifications is not exact in every case, but the materials have been 
placed in the group to which they most nearly belong. 

® Samples Nos. 1, 2, 3, 5, 6, and 7 contain a mixture of phthalate and phosphate esters; samples Nos. 4 and 8 contain 
phthalate esters only. 


were made at every environmental con- 
dition. 

Flexural Properties. — A.S.T.M. Tenta- 
tive Method of Test for Flexural Strength 
of Electrical Insulating Materials (D 650 
- 42 T).® Specimens 0.5 by 0.5 by 5.0 
in. were used. The flexure jig was ad- 
justed to give a span-depth ratio of 8:1, 
and tests were made at a crosshead speed 
of 0,05 in. per minute. Maximum fiber 
stress was calculated by the usual 
formula. At least five tests were made 
at each condition. 

Impact Strength: — A.S.T.M. Tenta- 
tive Methods of Test for Impact Resist- 
ance of Plastics and Electrical Insulating 

5 1944 Book of A.S.T.M. Standards, Part III, p. 1682. 

Hbid.p. 1399. 


ten Izod tests were made at each condi- 
tion. 

Distortion T emperature: — A.S.T.M. 
Tentative Method of Test for Heat Dis- 
tortion Temperature of Plastics (D 648 - 
41 T).^ Specimens 0.5 by 0.5 by 5.0 in. 
were conditioned at 50 C. (122 F.) for 
48 hr., cooled to room temperature in a 
desiccator over calcium chloride and 
stored therein until tested. 

Flow Temperature. — A.S.T.M. Tenta- 
tive Method of Test for Measuring the 
Flow Properties of Thermoplastic Mold- 
ing Materials (D 569 - 44 T).® Mold- 


'I lhid., p. 1402. 

8 Ihid., p. 1627, 

9 Ibid., p. 1647. 
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ing composition granules were condi- 
tioned for 25 min. at 100 C. (212 F.), 
cooled in a desiccator over calcium chlo- 
ride, formed into pellets f in. in diame- 
ter and I in. high in a pelleting press, 
and tested in the Rossi-Peakes appara- 
tus at 1500 psi. Determinations were 
made at several temperatures, the re- 
sults were plotted and the flow tem- 
peratures determined by interpolation 
as prescribed. 

Moisture Content. — Actual, water con- 
tent of conditioned specimens wAs-deter- 
mined by planing into thin chips, soak- 
ing these in methanol, and determining.^ 
water by titration with Karl Fischer 
reagent A blank was run with 

methanol alone and. the value obtained 
subtracted from ail determinations, 

CONDIXtONINO 

All specimens were taken directly from 
the molding machine, placed in sealed 
metal containers over anhydrous calcium 
chloride and allowed to remain until 
needed. Specimens for flow tempera- 
ture and distortion temperature tests 
were conditioned as described in the pre- 
ceding section. 

For the mechanical tests at various 
temperatures, the dry specimens were 
heated in a circulating air oven or cooled 
in a special chamber using dry ice as the 
refrigerant, as required, until thermal 
equilibrium was established but in no 
case for less than 1 hr. They were then 
transferred quickly to the testing ma- 
chine. Impact tests were run immedi- 
ately upon completion of the transfer. 
For tension and flexure tests, tempera- 
ture-controlled enclosures which have 
been described in previous publications 
(2, 3) were used, and specimens were 


1® The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1464, 

_ Tentative Methods of Test for Tensue and Compres- 
sive Properties of Plastics at Subnormal and Supernormal 
Temperatures, 1944 Book of A.S.T.M. Standards, Part III, 
P..i693. ■ ■ ■ 


stored within these enclosures until 
needed for teting.^^ In every case, the 
test specimens were within . ±3 C. 
(db5.4; F.) of the nominal temperatures 
during testing. 

For the mechanical tests at various 
relative humidities, specimens were 
stored at the desired humidity at 25 C. 
(77 F.) for 3 to 7 weeks, depending upon 
thickness. Representative samples, at 
each condition we.re taken .for analysis at 
the time of testing. Relative humidity 
conditions of 20; and 35 per cent were ob- 
tained in a special test room, the air of 
which was conditioned by mechanical 
^^eans. Relative ' humidity of SO per 
ceht-xy^as obtained in the main physical 
laboratory, whose atmosphere is main- 
tained, at the standard lal)oratory condi- 
tions of 25 =b Li (1 (77 ± 2 F.) and 
SO ± 2 per cent relative humidity in 
.accordance with A.S.T.M, Tentative 
Methods of Conditioning and (dassify- 
ing for Conditioning Plastics and Elec- 
.trical Insulating Materials for Testing 
(D 618 ~ 44 T),^* Other conditions were 
obtained by storage of tiic specimens in 
sealed .containers over appropriate aque- 
ous solutions: saturated sodium nitrate 
. for 65 per cent, saturated ammonium 
chloride for 80 per (ent, and distilled 
water for a saturated atmosphere (some- 
times erroneously designated as “100 
per cent relative humidity’^* The rela- 
tive humidity for each condition was 
checked with a standardized hair hygro- 
meter and is believed to have been within 
±2 per cent of the nominal value in 
every case. ^ Specimens were tested as 
rapidly as ppssible after removal from the 
conditioning chamber. 

Despite the long time allowed for con- 
ditioning,, it is obvious from comparison 
of moisture contents that the thicker 
specimens had not reached true equilib- 
rium. ■ . 


is is> 44 Book.of A.S.T.M. Standards, Part III, p. 138 $. 
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TABLE li.— EFFECT OF TEMPERATURE ON TENSILE PROPERTIES: INJECTION-MOLDED CELLULOSE 

ACETATE. 


Formulation (Table I). ■, 

No, 1 

No. 4 

No. 2 

No. 3 

No. 5 

No. 8 

No. 6 

No. 7 

A.S.T.M. Type® ' 

Ii,7 

1,2 

111,9 

III, 10 

iv, is' 

IV, 14 

IV, IS 

III, 10 


Moisture content, per cent. .. 

0.17 

0.21 

0.17 

0.18 

0.20 

0.17 

0.21 

0.16 

-25 C. 

Tensile yield stress, psi 









(-13 F.), 

Ultimate tensile stfek,-psi 

8540 

9400 

7950 

6490 

8710 

9380 

7710 

6370 

1 

Elongation, at break, per cent. 

3.2 

3.9 

3.0 

4.4 

2.8 

4.5 

4.6 

3.6 


Mo,isture content, per cent 

0.18 

0.16 

0.15 

0.17 

0.16 

0.19 

0.13 

0.12, 

.0 C. J 

Tensile yield stress, psi . 

9570 

8200 

,7530 

5690 

9190 

7790 

7040 

5670 

(32 F.) 1 

Ultimate tensile stress, psi 

9300 

8060 

7410 

5730 

9030 


6820 

5490 

1 

Elongation at break, per cent 

13.3 

12.8 

16.4 

18.3 

5.9 

12.5 

17,4 

12.0 


Moisture content, per cent. . 

0,18 

0.19 

0.14 

0.13 

0.12 

0.13 

0.11 

0.09 

25 C. J 

Tensile yield stress, psi 

6250 

5640 

4750 

3530 

6150 

5300 

4370 

3510 

(77 F.) 1 

Ultimate tensile stress, psi 

5880 

5100 

4860 

3430 

5510 

4600 

1 4440 

3190 

1 

Elongation at break, per cent 

22.9 

23.9 

27.9 

38.5 

15.6 

19.8 

: 42,6 

■ 38.1 


Moisture content, per cent 

0.33 

0.38 

0,36 

0.21 1 

0.29 

0.37 

0.38 

0.29 

SO C. : 

Tensile yield stress, psi 

3660 

3390 

2690 

2040 

3480 

3080 

2405 

1710 

(122 F.) ■ 

Ultimate tensile stress, psi. . 

3730 

3080 

2570 

2160 

3250 

2514 

2500 

1620 


Elongation at break, per cent 

30.3 

27.1 

31.6 

43,0 

32 0 

22.6 

37.7 

32.9 


Moisture content, per cent 

0.08 

0.11 

o.io' 

0.12 

0.07 

0.09 

0,11 

0.11 

65 C. 1 

Tensile yield stress, psi 

2900 

2590 

1860 

1140 

2680 

2150 

1380 

830 

(149 F.) i 

Ultimate tensile stress, psi 

2540 

2160 

1610 

1200 

2150 

1610 

1370 

850 

1 

Eiongation at break, per cent 

29.8 

25.4 

30.9 

41.5 

25.8 

17.1 

33.1 

31.2 

, f 

Moisture content, per cent.. 

0.16 

0.30 

0.15 

0.28 

0.20 

0.19 

0.18 

0.17 

SO c. j 

Tensile yield stress, psi 

2140 

2110 

1390 

550 

1780 

1530 

490 

210 

(176 F.) 

Ultimate tensile stress, psi 

2140 

2110 

1390 

550 

1780 

1530 

490 

210 

1 

Elongation at break, per cent 

21.2 

11.1 

22.7 

33.7 

15.8 

14.6 

33.4 

31,4' 


® Tentative Specifications for Cellulose Acetate Molding Compounds (D 706 - 44 T), 1944 Book of A.S-T.M. Standards, 
Part III, p. 1549. 


TABLE III.— EFFECT OF RELATIVE HUMIDITY AT 25 C. (77 F.) ON TENSILE PROPERTIED; INJECTION- 

MOLDED CELLULOSE ACETATE. 


Formulation (Table I) — 

No. 1 

No, 4 

No. 2 

No. 3 

No. 5 

: No. 8 

No. 6 

i No. r 

A.S.T,M. Type* ■ 

11,7 

1,2 

III, 9 

III, 10 

IV, 13 

IV, 14 

IV, 15 

III, 10 

Dry (0 per 

Moisture content of specimen, per cent 

0.18 

0.19 

0.14 

0.13 

0.12 

: 0.13 

0.11 

0.09 

cent rela- 

Tensile yield stress, psi 

6250 

5640 

4750 

3530 

6150 

5300 

4370 

3510 

tivc hu- 

Ultimate tensile stress, psi 

5880 

5100 

4860 

3430 

5510 

4600 

4440 

3190 

midity) 

Elongation at break, per cent 

22.9 

23.9 

27.9 

38.5 

15.6 

19.8 

42.6 

38.1 


Moisture content of specimen, per cent 

0.55 

0.55 

0.44 

0.39 

0.43 

0.41 

0.34 

0.32 

20 cent 

Tensile yield stress, psi 

5770 

5010 

4450 

3400 

5740 

4910 

4140 

3380 


Ultimate tensile stress, psi 

5230 

4360 

3870 

3160 

5060 

4170 

4000 

2910 


Elongation at break, per cent, ■. . . 

23.2 

21.9 

26.9 

38.0 

18.5 

17.4 

38.9 

34.0 

f 

Moisture content of specimen, per cent 

0.82 

0.81 

0.72 

0.63 

0.64 

0.57 

0.51 

0.45 


Tensile yield stress, psi 

5350 

4900 

4270 

3300 

5310 j 

4740 

3990 

3340 


Ultimate tensile stress, psi... 

4720 

4220 

3730 

3070 

4440 

3900 

3780 

2890 

humidity 

Elongation at break, per cent 

25,9 

20.8 

24.7 

36.8 

28.4 ! 

18.9 

41.8 

37.6 

, f 

Moisture content of specimen, per cent 

1.36 

1,45 

1.19 

1.12 

1.08 

1.07 

0.95 

0.88 

cciit p 

Tensile yield stress, psi.. 

4270 

4000 

3510 

2540 

4530 

4050 

3300 

2740 

relative < 

Ultimate tensile stress, psi 

4270 

4000 

3100 

2380 

4530 

3370 

3300 

2740 

humidity f 

Elongation at break, per cent.. 

31.6 

26.2 

27,9 

43.7 

30.3 

22.3 

44.0 

39.9 

f 

Moisture content of specimen, per cent 

1.92 

1.90 

1.71 

1.54 

1.47 

1.48 

1.31 

1.22 

65 per cent j 

Tensile yield stress, psi 

4080 

3860 

3330 

2510 

4390 

3910 

3240 

2510 

' relative ^ 

Ultimate tensile stress, psi. ' 

3460 

3040 

2620 

2160 

3580 

3110 

3040 

2060 

humidity 

Elongation at break, per cent — ....... 

30.3 

23.3 

31.4 

46,4 

28.6 

18.0 

45.9 

37,9 

f 

Moisture content of specimen, per cent 

2.65 

2.62 

2.44 

2.15 

2.08 

1.99 

1.81 

1.72 

80 per cent 

Tensile yield stress, psi. 

3380 

3200 

2730 

2020 

3800 

3410 

2730 

2200 

reiatiyc 

Ultimate tensile stress, psi ... 

2890 

2520 

2200 

1830 

3080 

2660 

2700 

1900 

humidity 

Elongation at break, per cent — ...... 

35,5 

28.1 

38.3 

52.2 

31.5 

16.7 

49.5 

42.9 

Saturated 

Moisture content of specimen, per cent 

5.50 

5.56 

5.06 

4.68 

3.67 

3.84 

3.32 

3.12 

Tensile yield stress, psi 

2320 

1980 

1820 

1410 

2930 

2610 

2050 

1410 

atmos- 

Ultimate tensile stress, psi. — 

1480 

1600 

1390 

1070 

2230 

2000 

2040 

1380 

phere 

Elongation at break, per cent. 

37.8 

22.4 

32.8 

27.5 

31.2 

14.3 

55.7 

52.7 


® Tentative Specifications for Cellulose Acetate Molding Compounds (D 706 - 44 T), 1944 Book of A.S.T.M. Standards, 

Part III, p. W#. 
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Test Results 

Tjrpical stress-strain curves (in this 
case for formulation No. 1) at the various 
test temperatures are shown in Fig. 1. 
The initial portions of these curves are 
shown to a larger scale in Fig. 2. 

Similarly, tj^ical stress-strain curves 
for this same formulation at various rela- 
tive humidities at 25 C. (77 F.) are shown 
in Fig. 3. 

The data on the tensile properties of 
fyry^^ specimens at various temperatures 
are summarized in Table II and the cor- 


responding data at various relative hu- 
midities are summarized in Table III. 
Moisture content at the time of testing 
is shown for each formulation and at each 




STRAIN, PER CENT 


STRAIN, PER CENT 


Fig. 1. — ^Typical Stress-Strain Curves for In- 
jection-Molded Cellulose Acetate. (Formula- 
tion No. 1; A.S.T.M. Type II, Grade 7.) 


Fig. 2. —Typical Initial Portion of Stress Strain 
Curves for Injection-Molded Cellulose Ace- 
tate. (Formulation No. 1; A.S.T.M. 
Type II, Grade 7.) 



STRAIN, PER CENT 


Fig. 3.— Effect of Humidity on Stress-Strain Curve for Injection-Molded CeUuIose Acetate fForm- 

ulation No. Ij A,S.T,M. Type II, Grade 7.) 
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test condition. Stress values shown are 
nominal values in every case.^® The 
corresponding data on moduli of elas- 
ticity are summarized in Tables IV and 





1 1 
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FORMULATION NO.^ (31,7) 

'w _ / 1 1 


■ 



^ 

NO. 4 fl,2) 

/ 1 
? N0.2_{jBI,9) 



X 


NO. 3 dff.lO) 






1 

1 

L. 



TEMPERATURE, DEG. CENT. 


Fig. 4.— -Effect of Temperature on Tensile Yield 
Stress of Injection-Molded Cellulose Acetate. 
(Medium-Acetyl Formulations.) 
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TEMPERATURE, DEG. CENT. 


Fig. 6. — Effect of Temperature on Elongation 
of Injection-Molded Cellulose Acetate. 
(Medium- Acetyl Formulations.) 



TEMPERATURE, DEG. CENT. 

Fig. 5. — Effect of Temperature on Tensile Yield 
Stress of Injection-Molded Cellulose Acetate. 
(High-Acetyl Formulations.) 

Figures 4 and 5 show in graphical form 
the influence of temperature on the upper 
yield stress of these materials, and Figs. 
6 and 7 summarize similar information on 
ultimate elongation. In Fig. 8, the ef- 
fect of temperature on modulus of elas- 
ticity i s shown for the medium-acetyl 
formulations. Data for the high-acetyl 
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TABLE IV.— EFFECT OF TEMPERATURE ON MODULUS OF ELASTICITY ; INJECTION-MOLDED 

CELLULOSE ACETATE. 




No. 1 . 

No. 4 

No. 2 

No. 3 

No. 5 

No. 8 

No. 6 

No. 7 











A.S.T.M, Type® ........ 


II, 7 

1,2 

III, 9 

III, 10 

IV, 13 

IV, 14 

IV, 15 

III, 10 

-25 C. (-13 F.) { 

Water, per cent 

0.17 

0.21 1 

0.17 

0.18 

0.20 

0.17 

0.21 

0.16 

E X lO-A 

3.23 ! 

3.13 1 

3.03 

2.33 1 

3.27 

2.96 

2.06 

2.50 

0 C. (32 F.) 1 

Wzitf, per cent ...... 

0.18 i 

0.16 ! 

0.15 

0.17 

0.16 

0.19 

0.13 

0.12 

E X 10-® 

2.80 j 

2.44 , 

2.09 

1.69 : 

2.77 

2.34 

2.02 

1,93 

.2SC.(77F*) { 

Water, per cent 

E X 10"*. 

0.18 

0.19 i 

0.14 

0.13 

0.12 

0.13 1 

0.11 i 

0.09 

2.30 

2.28 1 

1.84 

1.47 

2.37 i 

2.18 

1.70 

1.45 

50 C. (122 F.) ■ { 

Water, per cent • 

0.33 ; 

0.38 j 

0.36 

0.21 

0.29 

0.37 

0.38 

0.29 

E X 10-A. 

1.54 

1.49 ' 

1.11 

0.71 

1.41 

1.36 ; 

0.92 

0.60 

6SaC149F.) ■ 

1 

Water, per cent 

0.08 

O.Il ! 

0.10 

0.12 

0.07 

0.09 

0.11 

0,11 

E X 10'6 

1.26 

1.10 

0.87 

0.50 

1.24 

1.08 

0.59 

0.38 

SO C. (176 F.) { 

■Water, per cent 

0.16 

0.30 

0.15 

0.28 

0.20 

0,19 

0.18 

0.17 

E X 10-5 

1,02 

1.00 I 

0.63 

0.25 

0.78 

0.65 

0.20 

0.10 


® Tentative Specifications for Cellulose Acetate Molding Compounds (D 706 ~ 44 T), 1944 Book of A.S.T.M. Standards, 
Part III, p. 1549. 

TABLE V.— EFFECT OF RELATIVE HUMIDITY AT 25 C. (77 F.) ON MODULUS OF ELASTICITY; 
INJECTION-MOLDED CELLULOSE ACETATE. 


FormulatioE (Table I) 

No. 1 

No. 4 

No. 2 

No. 3 

No. 5 

No. 8 

No, 6 

No. 7 

A.ST.M.Type® 

11,7 

1,2 

III, 9 

nr, 10 

IV, 13 

IV. 14 

IV, 15 

HI. 10 

Dry (0 per cent relative / 

Water, per 

cent 

0.18 

0.19 

0-14 

0.13 

0.12 

0.13 

0.11 

0.09 

humidity) 1 

E X 10-5.. 


2.30 

2.28 

1.84 

1.47 

2.37 

2.18 

1.70 

1.45 

20 per cent relative bu- f 

Water, per 

cent 1 

0.55 

0.55 ’ 

0.44 

0.39 

0.43 

0.41 

0.34 

0.32 

midity 1 

E X 10-5.. 


2.12 

2.05 i 

1.76 

1.28 

2.11 

1.96 

1.61 

1.37 

35 per cent relative bu- f 

Water, per 

cent 

0.82 

0.81 ! 

0.72 

0.63 

0.64 

0.57 

0.51 

0.45 

midity 1 

E X 10-5.. 


1.99 

1,86 j 

1.67 

1,27 

1.77 

1.84 

1.56 

1.35 

SO per cent relative bu- f 

Water, per 

cent 

1.36 

1.45 i 

1.19 

1.12 

1.08 

1.07 

0.95 

0.88 

midity \ 

E X 10-6.. 


1.72. 

1.69 

1.46 

1.17 

1.69 

1.65 

1.39 

1.10 

65 per cent relative hu- ( 

Water, per 

cent 

1.92 

1.90 

1.71 

1.54 

1.47 

1.4S 

1,31 

1.22 

midity \ 

E X 10-5.. 


1.61 

1.61 

1.29 

1.03 

1.61 

1.60 

1.25 ; 

1.02 

80 per cent relative hu- ( 

Water, per 

cent 

2.65 

2.62 

2.44 

2.15 

2,08 

1.99 

1.81 

1.72 

midity \ 

E X 10-5.. 


1.47 

1.41 

1.23 

0.89 

1.58 

1.47 

1.24 

0,93 

Saturated atmosphere | 

Water, per 
E X 10-5. . 

cent 

5.50 

0.99 

5.56 

1.02 

5.06 

0.83 

4.68 

0.62 

3.67 

1.36 

3.84 

1.23 

3.32 

0.95 

3.12 

0.68 


® Tentative Specifications for Cellulose Acetate Molding Compounds (D 706 - 44 T), 1944 Book of A.S.T.M. Standards, 
Part III, p. 1549. 



Fig. 9. — Effect of Relative Humidity on Tensile 
Yield Stress of Injection-Molded Cellulose 
Acetate. (Medium- Acetyl Formulations.) 

The effect ol humidity on upper yield 
stress is shown in Figs. 9 and 10, on ulti- 



Fig. 10. — Effect of Relative Humidity on Tensile 
Yield Stress of Injection-Molded Cellulose 
Acetate. (High- Acetyl Formulations.) 

mate elongation in Figs. 11 and 12, and 
on modulus of elasticity for the medium 
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Fig. 11. Effect of Relative Humidity on Elon- 
gation of Injection-Molded Cellulose Ace- 
tate. (Medium-Acetyl Formulations.) 


«-0 2.0 3.0 4,0 0.0 

MOISTURE CONTENT, PER CENT 


T— 1 — — 1 — 1 

i FORMULATION NO. 1 (1,7 

— 


ri*-” 


.j 1 

_ NO.3 

XL. 10) 




; 1 / «s% 






20% RELATIVE HUMIDITY 

sat'd.' 


DRY 1 j 

ATMOSPHERE 

JZ 1 


1.0 2.0 3.0 4.0 5.0 

MOISTURE . CONTENT, PER CENT 


Fig, 13.-— Effect of Relative Humidity on Modu- 
lus of Elasticity of Injection-Molded Cellulose 
Acetate. (Medium-Acetyl Formulations.) « 






1 

FORMULATION NO. 
\ / 1 

1 <tt,75 


V/ 

N0.4{I, 

25 




N0.2 {H, 

9) 




.SCB.IO) 

7 n 




/ 



r 

/ l 55% 

; 50% 

%. R.H 

S5% 




SOS 

’ / 

sat'd'. 

ATMOSPHERE 

i, 


MOISTURE CONTENT, PER CENT 

Fig. 15,— Effect of Relative Humidity on Flex- 
ural Strength of Injection-Molded Cellulose 
Acetate, : (Medium -Acetyl Formulations.) 


Fig. 12. — Effect of Relative Humidity on Elon- 
gation of Injection-Molded Cellulose Ace- 
tate. (High- Acetyl Formulations.) 



TEMPERATURE, DEC CENT. 

Fig. 14. — Effect of Temperature on Flexural 
Strength of Injection-Molded Cellulose Ace- 
tate. (Medium- Acetyl Formulations.) 
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Fig. 16. — Effect of Temperature on Impact 
Strength of Injection-Molded Cellulose Ace- 
tate. (Medium-Acetyl Formulations.) 
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acetyl formulations in Fig. 13. (The 
curves for the high-acetyl formulas are 
very similar.) The abscissas represent 
moisture contents of the specimens when 


and 15 for the medium-acetyl formula- 
tions. 

Data on the effect of temperature on 
impact strength are summarized in 


TABLE VI .-EFFECT OF TEMPERATURE ON FLEXURAL STRENGTH; INJECTION-MOLDED 

CELLULOSE ACETATE. 


Formulation (Table I) 


A.S,.T.M. Type® 


-25 C. (-13 F.) 1 

Water content, per cent,. 
Maximum fiber stress, psi, . 

5 C. (41 F.) 1 

Water content, per cent. . 
Maximum fiber stress, psi. 

25 C. (77 F.) 1 

Water content, per cent. . , 
Maximum fiber stress, psi. 

45 C. (113 F.) 1 

Water content, per cent. .. 
Maximum fiber stress, psi. . 

60 C. (140 F.) 1 

Water content, per cent. . . 
Maximum fiber stress, psi. 

80 C. (176 F.) { 

Water content, per cent, . . 
Maximum fiber stress, psi. 


No. 1 

No. 4 

No. 2 

No. 3 

No. 5 

No. 8 

No. 6 

No. 7 

11,7 

1,2 

III, 9 

HI, 10 

IV, 13 

IV, 14 

IV, 15 

III, 10 

0.11 
20 240 

0.32 
15 580 

0.25 
16 120 

0.26 
13 520 

0.36 
16 310 

0.40 
16 590 

0.32 
15 340 

0.27 
12 870 

16 720 

14^0 

l'3'440 

10 iso 

'8 770 

l.'2'890 

I'l'ioo 

i'o'620 

0.29 

9720 

0.27 

8380 

0.23 

7420 

0.20 

5210 

0.23 

8890 

0.19 

8090 

0.21 

6860 

0.18 

5140 

0.23 

1 6080 

0.22 

5840 

0.18 

4650 

C.23 

3120 

0.19 

6040 

0.19 

5210 

'4280 

0.17 

2710 

0.16 

5260 

0.13 

4810 

0.27 

3520 

0.12 

2100 

0.12 

5880 

0.18 

4270 

0.13 

2940 

0.11 

1460 

'2950 

‘2500 

'l790 

“mo 

2480 

' ioso 

'iiso 

‘o' 
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Part III, p. 1549. 


TABLE VII.^EFFECT OF RELATIVE HUMIDITY AT 25 C. (77 F.) ON FLEXURAL STRENGTH; 
INJECTION-MOLDED CELLULOSE ACETATE. 


1 

Formulation (Table I) 

No. 1 

No. 4 

No. 2 

No. 3 

No. 5 

No. 8 

No. 6 

No. 7 

A.S.T.M. Type® 

11,7 

1,2 

III, 9 

III, 10 

IV, 13 

IV, 14 

IV, 15 

in, 10 

Dry (0 per cent rela- / 

Water content, per cent 

0.29 

0.27 

0.23 

0.20 

0.23 

0.19 

0,21 

0.18 

tive humidity) 1 

Maximum fiber stress, psi 

9720 

8380 

7420 

5210 

8890 

8090 

6860 

5140 

20 per cent relative / 

Water content, per cent 

0.57 

0.51 

0.45 

0.42 

0.49 

0.42 

0,40 

0.36 

humidity \ 

Maximum fiber stress, psi 

8220 

7330 

6400 

4330 

8200 

7010 

6080 

4410 

50 per cent relative / 

Water content, per cent 

0.92 

0,81 ! 

0.78 

0.75 

0.70 

0.74 

0.62 

0.63 

humidity \ 

Maximum fiber stress, psi 

72?0 

6770 

5900 

4160 

7780 

6770 

5890 

4220 

55 per cent relative j 

Water content, per cent 

1.03 

1.11 

0.98 

0.89 

0.84 

0.86 

0,79 

0.65 

humidity 1 

Maximum fiber stress, psi 

7290 

6220 

5440 

3840 

7540 

6800 

5720 

4030 

65 per cent relative f 

Water content, per cent 

1.45 

1.52 

1.41 

1.34 

1.25 

1.21 

1.15 

1.10 

humidity \ 

Maximum fiber stress, psi 

6140 

5630 

4620 

3370 

6790 

5740 

5010 

3450 

80 per^ cent relative f 

Water content, per cent 

1.91 

1.78 

1.82 

1.51 

1.59 

1.64 

1.47 

1.35 

humidity \ 

Maximum fiber stress, psi 

5460 

4810 

4170 

2790 

6210 

5220 

4110 

2970 

Saturated atmos- / 

Water content, per cent 

2.15 

2.26 

2.00 

1.89 

1.81 

1.74 

l.SS 

1.89 

phere 1 

Maximum fiber stress, psi 

5120 

4070 

3680 

2330 

5880 

4680 

3920 

2640 


® Tentative Specifications for Cellulose Acetate Molding Compounds (D 706-44 T), 1944 Book of A.S.T.M. Standards. 
Part III, p. 1549. ’ 


tested; relative humidity contours are 
shown by the broken lines. 

The effects of temperature and of rela- 
tive humidity on flexural strength are 
shown in Tables VI and VII. These ef- 
fects are shown graphically in Figs. 14 


Table VIII, and the Izod data are shown 
graphically in Fig. 16 for the medium 
acetyl formulations. The corresponding 
data on the effect of humidity are sum- 
marized in Table IX, and the Izod values 
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table VIII. —effect of temperature on impact STRENGTH; INJECTION-MOLDED 

CELLULOSE ACETATE. 


Formulation (Table I) 


No. 1 

No, 4 

No. 2 

No. 3 

No. 5 

No. 8 

No. 6 

No. 7 

A.S.T.M. Type® ...... 


11,7 

1,2 

in, 9 

111,10 

IV, 13 

IV, 14 

IV, 15 

III, 10 

f 

Water consent, per cent 

0.11 

0.32 

0.25 

0.26 

0,36 

0.40 

0.32 

0.27 

-25 C. (-13 F.) 

Ixod, ft-lb. per inch of notch 

0.42 

0.42 

0.27 

0.31 

0.34 

0.41 

0.47 

0.37 

( 

Charpy, ft-lb. per inch of notch . 

0.47 

0.39 

0.34 

0.37 

0.33 

0.36 

0.51 

0,41 

5 C. (41 F.) 1 

Water content, per cent . . 

Izod, ft-lb. per inch of notch. . . 
Charpy, ft.-lb per inch of notch. 

0.45 

1.20 

1.32 

1.96 

0.52 

1 V 24 

1.50 

L*72 

0.49 

1.28 

1.20 

2.27 

0.51 

1.80 

1,63 

2.15 

( 

Water content, per cent 

0.29 

0.27 

0.23 

0.20 

0.23 

0.19 

0.21 

0.18 

25C.(77F.) 

Izod, ft-lb. per inch of notch. . . 

2.14 

2.17 

2.42 

2.71 

1.82 

1.89 

i 2.06 

2.48 

Charpy, ft-lb. per inch of notch. 

2.64 

2.94 

3.13 

3.39 

2.35 

2.85 

1 2.90 

3.21 

( 

Water content, per cent 

Izod, ft-lb. per inch of notch. . . 
Charpy, ft-lb. per inch of notch, i 

0.23 

0.22 

0.18 

0.23 

0.19 

0.19 


0.17 

45C. (lUF.) 

3.18 

3,32 

3.51 

6.61 

3.43 

3.06 

4.14 

7.18 

4.51 

4.40 

4.48 

5.37 

3.87 

4.48 

5.04 

5.65 

( 

Water content, per cent 

0.16 

0,13 

0.27 

0.12 

0.12 

0.18 

0.13 

0.11 

60 C. (140 F.) 

Izod, ft-lb. per inch of notch. . . 

3.87 

3.05 

5.63 

7.64 

3.44 

3.46 

7.54 

7.65 

Charpy, ft-lb. per inch of notch. 

5.10 

3.82 

' 

4.37 

6.28 

4.10 

4.36 

5.56 

7.21 

f 

Water content, per cent 









80C. (176F.) 

Izod, ft-lb. per inch of notch. . . 

9.17 

7.90 

8.41 

8.20 

8.45 

9.05 

8.83 

7.86 

Charpy, ft-lb. per inch of notch. 

9.10 

5.08 

7.27 

7.49 

7.09 

8.93 

9.09 

7.16 
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TABLE IX,— EFFECT OF REI.ATIVE HUMIDITY AT 25 C. (77 F.) ON IMPACT STRENGTH; 
INJECTION-MOLDED CELLULOSE ACETATE. 


Formulation (Table I) 


No. 1 

No. 4 

No. 2 

No. 3 

No.S 

No.S 

No. 6 

No. 7 

A.S.T.M. Type® 


11,7 

I, 2 

HI, 9 

III, 10 

IV, 13 

IV, 14 

IV, 15 

III, 10 

Dry (0 per cent rela- 1 

Water content, per cent 

0.29 

0.27 

0.23 

0.20 

0.23 

0.19 

0.21 

0.18 

Izod, ft-lb. per inch of notch. . . 

2.14 

2.17 

2.42 

2.71 

1.82 

1.89 

2.09 

2.48 

tive humidity) | 

Charpy, ft-lb, per inch of notch. 

2.64 

2.94 

3.13 

3.39 

2.35 

. 2.85 

2.90 

3.21 

20 per cent relative 1 
humidity ] 

Water content, per cent 

0.57 

0.51 

0.45 

0.42 

0.49 

0.42 

0.40 

0.36 

Izod, ft-lb. per inch of notch. . . 
Charpy, ft-lb. per inch of notch . 

2.62 

2.60 

2.61 

3.15 

2.03 

2-31 

2.62 

2.59 

3.43 

3,28 

3.54 

3.98 

2.92 

3.33 

3.68 

3.73 

SO per cent relative 1 

Water content, per cent 

0.92 

0.81 

0.78 

0.75 

0.70 

0.73 

0.62 

0.63 

Izod, ft-lb. per inch of notch, . . 

2.70 

2.38 

2.74 

3.14 

2.08 

2.45 

2.82 

2.98 

humidity ] 

Charpy, ft-lb. per inch of notch . 

3.75 

3.27 

3.61 

3.97 

3.09 

3.40 

3.86 

3.61 

55 per cent relative i 

Water content, per cent 

1.03 

1.11 

0.98 

0,89 

0.84 

0.86 

0.79 

0.65 

Izod, ft-lb. per inch of notch. . . 
Charpy, ft-lb. per inch of notch . 

3.19 

2.88 

3.01 

3.46 

2-, 45 

2.39 

3.25 

3.14 

humidity | 

4.51 

3.59 

4.08 

4,08 

3.28 

3.25 

4.28 

4,08 

65 per cent relative J 

Water content, per cent 

1.45 

1.52 

1.41 

1.35 

1.25 

1.21 

1,15 

1.10 

Izod, ft-lb. per inch of notch. . . 

3.43 

2.95 

3.34 

6.32 

2.73 

2.92 

3.59 

3.41 

humidity | 

Charpy, ft-lb. per inch of notch. 

4.48 

3.85 

4.18 

5.05 

3.70 i 

3.97 

4,70 

3.94 

80 per cent relative J 

Water content, per cent 

Izod, ft-lb. per inch of notch. . . 
Charpy, ft-lb. per inch of notch . 

1.91 

1.78 

1.82 

1.51 

1.59 

1.64 

1.47 

1.35 

3.91 

3.67 

4.00 

6.76 

3.09 

3.26 

3.92 

4.38 

humidity | 

4.93 

4.58 

4.64 

6.26 

3.79 

3.93 

4.79 

4.27 

100 per cent relative j 

Water content, per cent. 

2.15 

2.26 

2,00 

1.89 

1.81 

1.89 

1.74 

1.55 

Izod, ft-lb. per inch of notch. . . 

4.40 

4,18 

4.57 

7.24 

3.22 

3.77 

5.10 

5.18 

humidity | 

Charpy, ft-lb. per inch of notch. 

5.68 

5.18 

5,29 

6.57 

4.23 

4.72 

5.14 

4.94 


“ Tentative Specifications for Cellulose Acetate Molding Compounds (D 706-44 T), 1944 Book of A.S.T.M. Standards, 
Part III, p. 1549. 



1462 


Welch, Haves, Cakswell, and Nason 


for the medium acetyl products are 
plotted in Fig. 17. 



Fig. 17. — Effect of Relative Humidity on Impact 
Strength of Injection-Molded Cellulose Acetate. 
(Medium- Acetyl Formulations.) 


the present study present no contradic- 
tions to the earlier data and the same 
general conclusions hold throughout. 

The behavior of injection-molded cel- 
lulose acetate in tension changes 
markedly with changes in temperature^ 
and the character of these effects is 
shown clearly by the stress-strain curves 
(Fig. 1). In general, yield stress, break- 
ing strength, and modulus of elasticity 
increase as the temperature is reduced 
and decrease as it is raised. Proportional 
limit changes in the same fashion (Fig, 
2). The degree of plasticization in- 
fluences the strength at any temperature 


TABLE X.-EFFECT OF WEATHERING ON TENSILE PROPERTIES; JNJECTION-MOLDED 

CELLULOSE ACETATE. 




Tensile Yield Stress, 
psi. 

Elongation at Break, 
per cent 

Water Content When 
Tested, per cent 

Duration of j 
Exposure to 
Weather 

Location of Exposure 

Formula- 
tion No. 2, 
A.S.T.M. 
Type 

III, 9 

Formula- 
tion No. 6, 
A.S.T.M. 
Type 

IV, 15 

Formula- 
tion No. 2, 
A.S.T.M. 
Type 

III, 9 

Formula- 
tion No. 6, 
A,S.T.M. 
Type 

IV, IS 

Formula- 
tion No. 2, 
A.S.T.M. 
Type 

III, 9 

Formula- 
tion No. 6, 
A.S.T.M-, ■ 
Type 

IV. IS 

0 


3510 

3330 

28 

44 

1.05 

0.82 

2 months | 

Springfield, Mass 

3820 

3730 

22 

23 

1,36 

1.00 

Miami, Fla.. 

4200 

4070 

18 

24 

1.42 

1.00 

4 months | 

Springfield, Mass 

4110 

3970 

18 

29 

1.34 

1.00 

Miami, Fla 

3670 

3780 

7.7 

11 

1.49 

1.04 

6 months | 

Springfield, Mass 

4110 

3970 

16 

22 

1.43 

0.93 

Miami, Fla 

3770 

3620 

2 

3 

1.45 

1,07 


To obtain information on the effect of 
weathering, tension specimens of formu- 
lations Nos. 2 and 6 were exposed at 45 
deg. facing south in the open at Spring- 
field, Mass., and Miami, Fla". Tensile 
properties were determined at 2-month 
intervals, and the results summarized in 
Table X. 

Discussion 

The general effects of temperature and 
humidity on the mechanical properties 
of organic plastics have been summarized 
in a previous paper ( 4 ), and detailed data 
of this type for cellulose acetate and cellu- 
lose nitrate sheet plastics have been re- 
ported separately ( 3 ) . The results of 


but not the shape of the temperature- 
strength or temperature-modulus curve 
(Figs. 4, 5, and 8). 

Elongation at break is greatly in- 
fluenced by temperature also, and gen- 
erally decreases as the temperature is 
lowered and increases as temperature is 
raised. However, a retrogression occurs 
above about 50 C. (122 F.), above which 
temperature these materials begin to 
become “weak’^ (Figs. 6 and 7). Duc- 
tility (elongation between yield point 
and break) follows the above trends also 
and disappears entirely somewhere be- 
tween 0 C. (32 F.) and —25 C. (—13 F.). 
Below this point rupture takes place be- 
fore a yield point is reached. This be- 
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havior is a good illustration of the effect 
cited by Carswell and Nason (4, p. 23)^ 
the point of rupture moving back toward 
the origin along the generalized stress- 
strain curve as the temperature is re- 
duced* As ductility decreases, toughness 
as measured by impact tests would be 
expected to decrease also, and this is 
shown to be the case (Fig. 16). 

Plasticizer formulation appears to 
have more influence on elongation than 
it does on strength, with respect to tern- ■ 
perature effects. The inclusion of aro- 
matic phosphate ester appears to im- 
prove ductility at elevated temperatures 
(Figs. 6 and 7). As might be expected, 
an increase in plasticizer content, of any 
given type, improves elongation at all 
temperatures, although the differences 
are small at low temperatures. 

The effect of temperature on flexural 
strength follows the same trends as on 
tensile yield stress. 

The impact strength of injection- 
molded cellulose acetate is very greatly 
influenced by changes in temperature, as 
would be expected from examination of 
the stress-strain curves. Impact resist- 
ance falls off rapidly below about 20 C. 
(68 F.) and levels off to values in the 
range of 0.28 to 0.50 ft-lb. per inch of 
notch at temperatures below about — 10 
C. (15 F.). Impact strength at any 
temperature tends to increase with in- 
crease in plasticizer content, although 
the differences are negligible at tempera- 
tures below about —20 C. (—4 F.). 

Moisture acts as an efficient plasticizer 
for cellulose derivatives, and the proper- 
ties of cellulose acetate plastics are in- 
fluenced consideraby by the amount of 
moisture present. This amount depends 
upon the relative humidity of the am- 
bient atmosphere at any given tempera- 
ture. 

Examination of the stress-strain curves 
of Fig. 3 shows that yield stress, break- 
ing strength, and modulus of elasticity 


are increased by reduction in humidity 
and vice versa^ whereas elongation is de- 
creased by reduction in humidity and 
increased by increase in humidity. Fig- 
ures 9 and 10 show how yield stress varies 
with humidity and the relation between 
humidity and moisture content of the 
specimen. In general,, as plasticizer 
content is increased, moisture absorption 
at any relative humidity level is de- 
creased. However, the general nature , 
of the yield stress-moisture content curves 
seems to be independent of plasticizer 
content. The same trends are evident 
with respect to modulus of elasticity 
(Fig. 13) and flexural strength (Fig. 15). 
It also is interesting to note that the 
formulations from high-acetyl content 
cellulose acetate absorb less moisture at 
any given humidity than do the medium- 
acetyl formulations, but effects of varia- 
tions in humidity on strength properties 
follow exactly the same trends, qualita- 
tively and quantitatively (Figs. 9 and 
10). Phosphate ester in the plasticizer 
formulation tends to decrease moisture 
absorption slightly, especially at very 
high humidities (Figs. 9, 10, 11, IS, and 
17). 

The plasticizing action of moisture is 
quite evident in the impact data (Fig. 
17); toughness, as measured by this 
test, increases appreciably as humidity 
is increased. 

The above data should be utilized 
when designing parts of cellulose acetate 
for applications which involve exposure 
to temperatures or humidities appreci- 
ably different from normal 

The effect of exposure to the weather 
on the strength properties of cellulose 
acetate and cellulose nitrate sheet plas- 
tics has been described in a previous 
publication (5). The data herein pre- 
sented (Table X) show that injection- 
molded cellulose acetate formulations 
resemble cellulose acetate sheet plastics 
in that prolonged weathering impairs 
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ductility and toughness. It is possible 
to retard this deterioration markedly 
by the incorporation of special plasti- 
cizers in the composition (d), and such 
formulations should be chosen for ap- 
plications where direct outdoor exposure 
for long periods of time is involved. 


Acknowledgment: 

We are indebted to Charles Trudeau 
and David Telfair of the Research De- 
partment, Monsanto Chemical Co., Plas- 
tics Div., Springfield, Mass., for assistance 
in the experimental work. 


References 


(1) J. Mitchell, Jr., ^determination of Water in 
Native and Processed Cellulose,” Industrial 
and Engineering Chemistry^ Anal. Ed., Vol. 
12, pp. 390-391 (1940). 

(2) T. S. Carswell, R. F. Hayes, and H. K. 
Nason, “Physical Properties of Polystyrene 
as Influenced by Temperature,” Industrial 
and Engineering Chemistry, Vol. 34, pp. 
454-457 (1942). 

(3) T. S. Lawton, Jr., T. S. Carswell, and H. K, 
Nason, “Effect of Some Environmental Con- 
ditions on the Mechanical Properties of Cel- 
lulose Acetate and Cellulose Nitrate Plastic 
Sheets,” Transactions, Am. Soc. Mechanical 
Engrs., Vol. 67, pp. 23-30 (1945). 

(4) T. S. Carswell and H. K. Nason, “Effect of 


Environmental Conditions on the Mechan- 
ical Properties of Organic Plastics,” Sym- 
posium on Plastics, pp. 22-46, Philadelphia 
District Meeting, Am. Soc. Testing Mats. 
(1944). (Symposium issued as separate 
publication.) 

(5) T. S. Lawton, Jr. and H. K. Nason, ^'Effect 
of Some Environmental Conditions on the 
Permanence of Cellulose-Acetate and Cellu- 
lose-Nitrate Sheet Plastics,” Transactions, 
Am. Soc. Mechanical Engrs., Vol. 67, pp. 
259-266 (1945). 

(6) L. W. A. Meyer and W. M. Gearhart, 
“Weather Resistance of Cellulose Ester 
Plastic Compositions,” Industrial and Engi- 
neering Chemistry, Vol. 37, pp. 232-239 
(1945). 


EFFECT OF WEATHERING ON INSULATION RESISTANCE OF PLASTICS^ 
By Leslie H. Campbell,^ Arthur H. Falk,^ and Robert Burns^ 


Synopsis 

The deleterious effect of sunlight on the insulation resistance of hard rubber 
and other of the older insulators is well known. The purpose of this paper 
is to furnish similar information on several of the plastics of commerce which 
are finding increasing usage in the electrical industries. 

When a new material is proposed for use in communication apparatus, one 
of the first tests is for insulation resistance. If it is not a good insulator its 
availability for precision electrical equipment is seriously restricted. Direct- 
current insulation resistance may not even be of prime importance in many 
applications; for example, high dielectric strength may be paramount. Never- 
theless, its chances of being adopted for general use in the communication 
field are rather slim if it is poor in insulation resistance. In addition, the 
insulation resistance test is an extremely delicate measure of the presence of 
moisture, its distribution and probable effect on many other properties. 

The specimens were given the standard humidifying treatment, measured 
for insulation resistance, then exposed to the weather. After suitable ex- 
posure, the samples were re-humidified and re-measured. The separate 
effects of direct exposure, as well as exposure under glass, are given. Data 
on the degrading power of light alone, and heat alone, are presented. 

Since most communication apparatus is designed for long life, and cannot 
be kept in darkness or entirely out of the weather, the data suggest dis- 
cretion in the choice of plastics. As a class they are unusually good, in fact, 
unexcelled. If properly chosen and engineered, they will serve the electrical 
engineer well. 


With the adoption of phenolics for 
electrical applications, it became desir- 
able to determine the effect of aging and 
weathering on such electrical properties 
as insulation resistance. Consequently, 
since 1927, samples of phenolic moldings 
were exposed on the roof of the Labora- 
tories’ building, New York City, to (1) 
outdoors, with no protection from rain, 
dust, or other atmospheric influences, 
and (2) outdoors, but in a cabinet pro- 
tected with glass doors. These early 
tests, confined to general purpose phe- 


nolics, indicated deterioration in insula- 
tion resistance not entirely explainable 
by cumulative absorption of moisture. 

Early in 1939, test bars of polystyrene, 
methyl methacrylate, vinyl chloroace- 
tate, and cellulose acetate butyrate were 
exposed in the glass-covered cabinet. 
Early in the summer of 1945, after 6-yr. 
exposure, the insulation resistance of 
these samples was determined, first as 
removed from the roof cabinet, and next 
after exposure to 90 per cent relative 
humidity at 85 F. for 4 days. The aver- 
aged insulation-resistance values ex- 
pressed in megohms (1,000,000 ohms) 
are given in Table I. 


* Presented at the Forty-ninth Annual Meeting of the 
Society, June 24-28, 1946. 

^ Beil Telephone Laboratories, Inc., New York, N. Y. 
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SiibseqiieBt to 1939, test specimens of 
mica- and cellulose-filled phenolics and 
asbestos-filled melamine were exposed 
outdoors in both a southern urban 
(Miami, Fla.) environment and in a 
northern industrial (New York, N. Y.) 
environment for periods of six and eight- 
een months, respectively. These ex- 


TABLE I.-~EFFECT OF WEATHERING ON 
. INSULATION RESISTANCE. 

Values in megohms. 


Material 

As Taken 
from Roof 
Cabinet 

. After 
Humidi- 
fication 

Polystyrene 

>203 000 

59 

Methyl methacrylate 

>203 000 

38 500 

Vinyl chloroacetate 

>203 000 

6 

Cellulose acetate butyrate. 

>203 000 

8 350 



TABLE II.~EFFECT OF WEATHERING ON 
INSULATION RESISTANCE. 

(All results after 4 days at 90 per cent relative humidity. 


Values in megohms. 


Material 

Not 

Weathered 

Florida, 

6 

months 

New 
York, 18 
months 

Phenol-cellulose 

2 650 

222 

100 

Phenol-mica 

5 650 

4 

7 

Melamine-asbestos 

>200 000 

1 

4 


TABLE III.~EFFECT OF RELATIVE HUMIDITY 
ON WEATHERED SPECIMENS. 

Values in megohms. 


j 

Material ■, 

W 1 

pi . 

^ 1 

JO 

w 

pi 

o . 
»o 

65% R. H. 

W 

pi 

; 

w 

pi 

§ 

Phenol-cellulose: 






Florida exposed — 

48 000 

21000 

2 810 

657 

222 

New York exposed.. 

9 000 

8 000 

4 520 

470 

100 

Phenol-mica: 






Florida exposed .... 

>200 000 

63 500 

214 

49 

4 

New York exposed.. 

>200 000 

. 81 500 

748 

[ 38 

7 


Nora: Samples were dried at 120 F. for 24 hr. be- 
tween humidity exposures. 


posures showed that under high humidi- 
ties, substantially lowered insulation 
resistance resulted, with the mica-filled 
phenolic and asbestos-filled melamine 
suffering severe degradation. (See Table 

II.). 

To determine the relationship of 
degradation to various humidities, the 


phenolic spetimens were tested after 
conditioning 4 days as shown in Table 

III. 

These data indicated the necessity for 
a more comprehensive study of the effect 
of weathering on the insulation resistance 
of commercial molding compounds which 
might be considered for electrical appli- 
cations. Such an investigation obvi- 
ously must cover both the thermosetting 
and thermoplastic molding compounds. 

Specimens and Procedures 

Specimens for the most part were 
4 by 7 by |-in. panels, either molded or 
cut from commercial sheet. They were 
prepared in accordance with A.S.T.M. 
Standard Methods of Test for Insula- 
tion Resistance of Electrical Insulation 
Materials (D 257 -45),^ Fig. 1. Two 
rows of five holes each provided nine 
reading positions for each specimen. 

The test procedure consisted of ex- 
posing the specimen to 90 per cent rela- 
tive humidity at 85 F. for 96 hr., measur- 
ing the insulation resistance, placing in 
the exposure location for the period 
chosen, rehumidifying and re-measuring. 
Insulation resistance was measured in 
accordancewith A.S.T.M. Methods D 257 
-45 given above and reported in 
megohms. Two natural environments 
were selected: (a) outdoors at 45 deg. 
facing south, and (b) outdoors in a glass- 
covered cabinet fitted with ventilating 
louvres and positioned 45 deg. facing 
south. The glass was ordinary window 
glass B.nd was periodically cleaned. 
The location was the roof of the Labora- 
tories' building in New York, N.Y. 
The exposures were usually started in 
mid-winter and the exposure* intervals 
varied from 2 weeks to 2 months. 

To examine causative agents of deg- 
radation, selected materials having good, 
fair, and poor weather resistance in the 

*1945 Supplement to Book of A.S.T.M. Standards, 
Part III, p, 57. : 


On Expect oj Weathering on Instilation Resistance of Plastics 1467 



natural environments were exposed in 
two artificial environments: (a) oven at 
160 F., and (5) closed twin-arc weather- 
ing machine using light only which gave 
panel temperatures of approximately 
130 F* Specimens and procedures were 
the same as for the natural environments 
except that the exposure intervals varied 
from 4 to 14 days. 



EXPOSURE 5 MONTHS 


Fig. L— -Change in Insulation Resistance of 
Thermoplastic Resins with Exposure, 

Materials and- Test Data 

Table TV lists the materials tested in 
the natural environments and gives the 
data obtained after 2 and 6-months^ 
exposure as taken from the generalized 
curves. 

Table V lists the materials tested in 
the artificial environments and gives the 
data obtained, after 2 weeks’ and 2 
months’ exposure as taken from the gen-' 
eralized curves. ' , 


Discussion 

Figure 1 shows deterioration in insula- 
tion resistance with exposure both out- 
doors and under' glass three thermo- 
plastic materials — cellulose propionate^ 
polystyrene, and cellulose nitrate. 
These materials were rated respectively 
as excellent, good, and poor and are 
representative of the course of deteriora-' 
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EXPOSURE , MONTHS 

Fig. 2. — Change in Insulation Resistance of 
Thermosetting Resins with Exposure. 

tion. The first two were compression- 
molded and the third was prepared from 
commercial sheet . The exposure periods 
vary from 6 to 9 months. 

Figure 2 shows relative rates of deteri- 
oration for the thermosetting resins, 
urea-cellulose, phenol-cellulose, and mel- 
amine-asbestos, materials rated respec- 
tively fair, poor, and very poor. All 
materials were compression-molded. 

Figure 3 shows the deterioration in 
insulation resistance of polystyrene with 






TABLE IV*— CHANGE OF INSULATION RESISTANCE WITH EXPOSURE TO NATURAL ENVIRONMENTS. 


Insulation Resistance, megolims 


Materials 

Outdoors 

Under Glass 

Initial 

1 After Exposure 

Initial 

After Exposure 


2 Months 

1 

6 Months j 

2 Months 

6 Months 


THERMOPLASTIC RESINS 
Cellulose Propionate 


Pigmented-Ivory. . 

>194000 

190 000 

170 000 

>194 000 

170 000 

125 000 

Cellulose Acetobutyrate 

Type H6— Clear; 

Type HS— Black. - 

^pe S4 — Clear , 

Type S2— Black...,.,; 

i 115 000 

I 165 000 

1 >194 000 
>194 000 

i 17 000 , 

^ 110 000 

170 000 
170 000 

[ 1 000 

1 36 000 

! 130 000 

1 125 000 

1 160 000 

1 180 000 

>194 000 
>194 000 

160 000 
160 000 
170 000 

170 000 

1 125 000 

1 130 000 

130 000 
125 000 

Ethyl Cellulose 

Pigmented Black. 

>194 000 

160 000 

! 40 000 

>194 000 

170 000 

90 000 

Methyl Methacrylate 

General Purpose— Clear ' 

General Purpose— Clear. 

General Purpose — Clear Cast 

General Purpose— Red Translucent 

Heat Resistant-Clear — 

>194 000 
>194 000 
>194 000 
>194 000 
>194 000 

15 000 
120 000 
180 000 
125 000 
155 000 

430 

9 500 

60 000 1 
38 000 
• 20 000 

>194 000 
>194 000 
180 000 i 
>194 000 
>194 000 i 

180 000 
180 000 
190 000 
100 000 
170 000 

140 000 
75 000 
>194 000 
IS 000 
55 000 

Polystyrene 

General Purpose— Clear. , 

Heat-Resistant— Copolymer 

180 000 
>194 000 

85 000 

75 000 

6 900 

4 500 

>194 000 
>194 000 

175 000 
165 000 

98 000 
65 000 

Cellulose Acetate 

Type H4— Clear... 

Type. H4 — Black 

Type S— Black. 

50 000 
23 000 ' 
9 000 

19 000 

15 000 

8 800 

3 000 

7 000 

6 800 

SO 000 
23 000 

9 000 

43 000 

20 000 

10 000 

32 000 
14 000 

9 800 

POLYHICHLOROSTYRENE 

Heat Resistant— Clear. 

>194 000 

24 000 

1 000 

>194 000 

170 000 

85 000 


POLVETHYLENE 


Amber Translucent. 

92 000 1 

' 70 000 

1700 

>194 000 

175 000 

' 140 000 

Polyvinyl Chloroacetate 

Clear — 

125 000 

27 000 

2 800 

130 000 

120 000 

53 000 

Black 

140000 

125 000 

36 000 

115 000 

24 000 

2 300 

Ester-styrene Copolymer 

Cast (Thermosetting) 

28000 

5 600 

900 

1 28 000 

20 000 ; 

12 000 

ViNYLiDiNE Chloride 


Amber Sheet.. — 

2 500 

5 800 

430 

330 

1700 

260 


Cellulose Nitrate 


Sheet— Clear — 

Sheet— Clear . ■ — ■ . 

10 900 

1 500 

280 

140 

28 

32 

i 10 900 

1,500 

3 700 

1 700 

110 

230 

Polyvinyl Chloride 

Electrical Grade 

56 

160 000 


280 

2 300 


Hard Rubber 

Natural......... 

>194 000 

8 800 


190 000 

3200 


Buna S 

21000 

47 


19 000 

28 




TABLE IV*.— Co»c?«<?e^ 


Materials 

Insulation Resistance^ megohms 

Outdoors 1 

Under Glass 

Initial 

After Exposure 

Initial 

After Exposure 

2 Months 

6 Months 

2 Months 1 

6 Months 

THERMOSETTING RESINS 

Urea Formaldehyde 


Cellulose-Filled — White 

62 000 

7 200 

960 

70 000 

14 000 

4 000 

Anahne Formaldehyde 

Mica-Filled— Brown 

Mica-Filled— Brown 

Mica-Filled— Brown 

180 000 
520 

5 000 

1300 

95 

290 

24 

36 

68 

190 000 
560 

7 000 

75 

120 

380 

30 

38 

90 

Phenol Formaldehyde 

Unfilled-Red 

Cellulose-Filled — Black 

Cellulose- Filled— Black High Resin 

Content. 

Rag-Filled— Black. 

Asbestos-Filled— Black 

9 800 

2 700 

13 000 
41 

1200 

600 

720 

3800 

22 

150 

28 

125 

540 

12 

35 

8 800 

2 600 

3 000 
64 

10 000 

1 300 

580 

1 100 

25 

260 

120 

70 

270 

8 

6 

Melamine Formaldehyde 

Cellulose-Filled-White 1 

Asbestos Filled — Grey 

Asbestos-Filled— Grey 1 

1400 
>194 000 
58 000 

1000 

1 920 

1 400 

1 650 

s 30 

9 800 
>194 000 
68 000 

6 500 

1 , 23 . 

1 ^ 

3 100 

2 

■ 1 

TABLE V -CHANGE OF INSULATION RESISTANCE WITH EXPOSURE TO ARTIFICIAL ENVIRONMENTS. 

Materials 

Insulation Resistance, megohms 

Oven at 160 F. 

Light at 130 F. 

Initial 

1 After Exposure 

Initial 

j After Exposure 

2 Weeks 

2 Months 

2 Weeks 

2 Months 

THERMOPLASTIC RESINS 

Methyl Methacrylate 

Heat Resistant— Clear. 

General Purpose— Pigmented White 

>194 000 
>194 000 

194 000 
194 000 

>193 000 
>193 000 

>194 000 
>194 000 

16 000 

18 000 

1500 

970 

Polystyrene 

General Purpose— Clear. — 

>194 000 

194 000 

>193 000 

>194 000 

3500 

260 

THERMOSETTING RESINS 

Urea Formaldehyde 

Cellulose-Filled-White. 

>194 000 

198 000 

140 000 

>194 000 

55 000 

16 500 

An ALINE Formaldehyde 

Mica-Filled— Brown — • 

Mica- Filled— Brown 

Mica- Filled— Brown 

Untilled— Red.... 

>194 000 
>194 000 
>194 000 
>194 000 

170 000 

3 800 

80 000 
193 000 

120 000 
ISO 
9 200 
193 000 

>194 000 
> 194 000 
>194 000 
>194 000 

1000 

140 

5 000 

230 

54 

10 

130 

23 

Phenol Formaldehyde 

Cellulose-Fiiled-Black 

Unfilled— Red 

1 100 
10 800 

3 800 
21000 

8 000 
54 000 

850 

6 500 

1200 

8 100 

470 

2 200 

Melamine Formaldehyde 

Asbestos-Filled— Grey 

Unfilled— Clear 

11 300 

8 800 

17 000 

SO 000 

950 

180 000 

24 800 
37 000 

43 

1 400 

2 

180 
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Fig 3,— Change in Insulation Resistance with Natural and Artificial Exposure of Polystyrene. 
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Fig. 4— Pattern of Insulation Resistance Measurements in Specimens Outdoors and Under Glass. 





On Effect of Weathering on Insulation Resistance of Plastics 1471 


exposure in the outdoor, under-glass, oven, 
and light environments. It is fairly 
typical of the unfilled resins examined. 
In many of the filled thermosetting 
materials the insulation resistance in- 
creased after oven aging. Analine and 
melamine-filled resins, however, did de- 
crease, but not in a manner comparable 
to the light-exposed specimens. 

Figure 4 shows the typical pattern of 
insulation-resistance readings over the 
area of the panel after outdoor exposure, 
the test positions on the top part of the 
specimen showing considerably higher 
insulation resistance . The under-glass 
specimens showed little of this, presum- 
ably because the washing action of rain 
and melting snow was absent. 

The initial insulation resistance of 
plastic materials after conditioning in 90 
per cent relative humidity for 4 days 
varied from 15 megohms for rag-filled 
phenolic to greater than 200,000 meg- 
ohms for cellulose propionate. Most, 
however, were 10,CCO megohms or more, 
many being in the 200,000 megohm 
range, while some few had initial values 
below lOCO megohms . For the most part, 
two specimens of the same plastic had 
the same or similar values, but in a few 
cases considerable variation existed. 

The question arose as to the effect on 
the initial insulation of the smoothness 
of the surface of the specimen and also 
if iron molds exerted any catalytic effect 
during the molding process which might 
contribute to lower insulation, particu- 
larly in reference to the chlorinated 
plastics. ^ Accordingly, phenol formal- 
dehyde with cellulose filler and pol 3 winyl 
chloride acetate were molded with mold 
face plates having the following surfaces, 
(g) rough steel, (J) polished steel, (c) 
rough chromium plate, and {d) polished 
chromium plate . Insulation readings on 
these specimens taken after the usual 
conditioning showed little, or no differ- 
ence among the various surfaces. These 


specimens were not exposed. Check 
specimens of two samples of commercial 
calendered vinyl copolymer sheet, one 
with polished and one with a matte 
surface, were measured and exposed for 
96 hr, in the weathering machine, light 
only. The two differed little in initial 
insulation resistance and also with ex- 
posure, the polished specimen declining 
from 181,000 to 110 megolims, and the 
matte from 200,000 to 530 megohms. 
In view of the sensitiveness tO' light of 
this material, the surface influence does 
not appear critical. 

The averaged , readings of' the nine 
positions obtained after each exposure, 
as interval followed interval, had a rather 
wide oscillatory pattern in their varia- 
tion from the generalized curve. In 
some cases the outdoor specimen showid 
the wider oscillation and in some cases 
the under-glass panel. In all cases, 
though, the trend was downward. 
Whether this oscillatory effect can be 
considered characteristic of plastics in 
general, or is due to the methods em- 
ployed was not determined. 

The soft grades of the cellulose esters, 
that is, those containing plasticizers, 
showed less deterioration than the hard 
grades. Some of the materials exliibited 
an increase in insulation resistance 
during the first few exposure intervals 
and in the case of ’some of them, notably 
vinyl chloride and vinylidine chloride, 
this persisted for months. 

The relative rates of deterioration by 
the two environments, outdoors ^ and 
under-glass, was, in general, either 
markedly higher for outdoors or similar 
for the two. 

Pigmented and dyed thermoplastics 
had, in general, the same deterioration 
rate as the clear of the same material. 
Further exposure may reveal some dif-' 
ferences, a possibility suggested by the 
behavior of paints, the clears of which 
fail markedly faster than pigmented 
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enamels. Kot a few performance anal- 
ogies to paint products have appeared 
in this and other exposure work on 
plastics. 

In the weathering machine environ- 
ment, deterioration took place which was 
similar in type and degree to that expe- 
rienced in outside and under-glass ex- 
posure, though in most cases the rate 
was faster. The ratio of exposure for 
comparable degradation in the weather- 
ing machine and in the natural environ- 
ments showed some wide extremes, but 
for most of the materials the ratio was 2 
months in the weathering machine to 5 
months outdoors and 6 months or more 
under glass. Exposures in the oven at 
160 F. gave results that had only minor 
agreement with those obtained in the 
natural environments; only in the ana- 
line and melamine resins containing 
fillers did any deterioration take place 
in 2 months^ exposure. 

That the lowering of insulation resist- 
ance with weathering is, with some 
materials, exclusively a surface phenome- 
non is illustrated by the behavior of 
mica-filled phenolics and asbestos-filled 
melamines when removed from a moist 
atmosphere to a dry atmosphere. A 
value of a few megohms under 90 per 
cent relative humidity will increase to 
many thousands of megohms in a few 
seconds. 

To examine the products of degrada- 
tion, exposed specimens of phenol-rag, 
phenol-asbestos, melamine-asbestos, and 
cellulose nitrate were used . These speci- 
mens had been exposed approximately 9 
months in the natural environments and 
the insulation resistance had dropped to 
50 megohms or less. They were treated 
in two consecutive steps as follows: (1) 
Completely immersed in 2 liters of water 
for 24 hr., sopped dry (no rubbing), 
dried at 120 F. for 48 hr., reconditioned 
in humidity in the usual way, and 


measured; and (2) disassembled, polished 
with mild liquid-abrasive polish (de- 
signed to remove chalked material on the 
surface but not cut into the plastic), 
washed with 5 per cent ammonia water, 
reassembled, dried for several days at 
room conditions, conditioned in humid- 
ity, and measured. The soaking treat- 
ment restores the insulation consider- 
ably in all specimens and markedly more 
in the under-glass specimens than in the 
outdoor ones. The polishing either 
made no further change or restored the 
value still more in all materials except the 
outdoor specimen of melamine-asbestos. 
In polishing as in soaking, the under- 
glass specimens showed more marked 
recovery, cellulose nitrate greatly ex- 
ceeding its initial value. 

Conclusions 

1. Molded plastic materials differ 
widely in their initial insulation resist- 
ance and in the rate and the degree to 
which this insulation deteriorates with 
exposure. 

2. The relative rate of deterioration in 
the two environments, outdoors and 
under glass is, in general, either markedly 
higher for outdoors or similar for the two. 

3. Pigments and dyes in thermo- 
plastics produce little or no change in 
either initial insulation resistance or in 
the rate of deterioration, as compared to 
the clear resin, though plasticizers in the 
cellulose esters appear to have an in- 
hibitive effect. For the thermosetting 
materials, fillers, dyes, etc., may increase 
the initial value somewhat but have 
small or no effect on the rate and degree 
of deterioration, as compared to the 
unfilled resin. 

4. With respect to artificial acceler- 
ated environments, preliminary data in- 
dicate that such methods involving light 
may have promise for predicting the 
gross behavior of plastics in natural 
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exposure. Of the two factors, light 
with its accompanying heat and heat 
alone, light appears to be by far the 
more effective. 

5. The products of degradation which 
cause lowered insulation resistance of 


phenol and melamine formaldehyde and 
cellulcse nitrate are largely water soluble. 
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DISCUSSION 


Mr. J. a. LorangerJ — Mr. Campbell, 
from your paper I gather that you con- 
sider current leakage, as measured by the 
insulation resistance test, a surface phe- 
nomenon. 

In laminated plastics, it has been my 
experience that the filler used has con- 
siderable bearing on the insulation re- 
sistance of the laminate. Based on this 
experience, I have always felt that the 
property in question was used as a meas- 
ure of surface plus a substantial internal 
current leakage for a specified voltage. 
Now am I correct in this deduction; and 
if so, what is the ratio of the surface to 
internal current leakage as measured by 
the Standard Methods of Test for Insu- 

1 Plastics Engineer, Radio Div., Sylvania Electric 
Products, Inc., Warren, Pa. 


lation Resistance of Electrical Insulating 
Materials (D 257 - 45) 

. Mr. Leslie H. Campbell (rndhor).— 
We feel, rather, that most of the leakage 
is at or near the surface. What is actu- 
ally measured, however, is surface plus 
volume leakage. But the leakage 
through the volume of most plastic ma- . 
terials, I believe, has been proven by 
others to be very small when using this 
short-time test. Most plastics in the 
cross sections used here take more than 
four days to absorb sufficient moisture 
to affect substantially the volume re- 
sistance. But the data actually include 
volume as well as surface leakage. 


2 1945 Supplement to Book of A.S.T.M, Standards. 
Part III, p. 57. 


WATER DETERMINATION IN NEW AND USED INSULATING OILS 

BY DOBLE METHOD* 

By Frank C. Dobik^ 


Synopsis 

The significance of a measurement of the water content of an insulating oh 
is briefly outlined in this paper as a preface to a detailed description of the 
Doble apparatus and method. 

Designed and developed to meet a long-felt need in the art of preventive 
maintenance, its use extends the scope of investigations of used oils which 
are badly contaminated and dark colored and facilitates the general study of 
the insulating oil problem. For clarity of description, the author makes use 
of a nomenclature in terms of known electrical values expressed as high-loss 
water and low-loss water to obviate the difficulties attendant to the use of 
chemical or physical terms, the application of which may be controversial. 

The apparatus and method, which are fully disclosed in the paper, extract 
water from a sample of oil by heating, shaking and vacuum, making use of a 
newly developed filter to remove unwanted contaminants and permit the 
water alone to be absorbed in a tube of P2O5 for weight determination. It 
combines advantages of speed, accuracy and ease of operation. 


Since water has long been recognized 
as one of the worst enemies of electrical 
insulation, the determination of the 
water content of insulating oil is essential 
to efficient preventive maintenance of 
electric power equipment and valuable 
in the development of new oils. The ap- 
paratus and method described in this 
article are the result of several years^ 
search for a means to measure accurately 
the water content of used oils that are 
dark colored or badly contaminated, as 
well as to measure the water content of 
partly deteriorated or new oils. 

It appears that water may be present 
in insulating oils in different physical or 
chemical states or conditions; for ex- 
ample, in solution, suspension, or some 
finely divided intermediate form. A 

* Presented at tlie Forty-ninth Annual Meeting of the 
; 24-28, 1946. 

, Doble Engineering Co., Medford, Mass. 
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search of the literature^ indicates that 
the physicists and chemists are not in 
agreement as to the precise nature of the 
various states or conditions in which 
water exists, and it may not be possible 
to distinguish them separately and hence 
measure them accurately in practice. 

Even though some of these conditions 
of water cannot readily be differentiated 
by known simple chemical or physical 
measurements, the effect of their pres- 
ence in insulating oils can be expressed 
in terms of electrical measurements. 

Long experience with every-day opera- 
tion of electric power insulation demon- 
strates conclusively that there are two 
distinctly different electrical effects which 


2.N. E. Dorsey, “Properties of Ordinary Water Sub- 
stances,’* First Edition, Reinbold Publi«bing Co., New 
York, N, Y., pp. 161-177 (1940). 
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can be brought about by the presence of 
water in oil. For example, it is well 
known that, under certain conditions, as 
little as 10 to 20 ppm. of water in oil 
will greatly reduce its dielectric-break- 
down value and constitute an immediate 
hazard which may even cause a failure in 
the operation of the high-voltage equip- 
ment with which it is associated. It is 
also well known that, under other condi- 
tions, several hundred parts per million 
of water may be present in an insulating 
oil without significantly reducing its elec- 
trical insulating value but, nevertheless, 
it may be a potential hazard. 

When the well-known dielectric break- 
down test is used to study moisture con- 
ditions in oil, it probably detects only the 
presence of water-in-oil conditions that 
cause the immediate hazard referred to 
above. It gives little or no indication 
of any other water-in-oil conditions that 
may be present. 

In order to describe and study moisture 
conditions in oil, it has been the custom 
of the Doble Co, to use the term “low- 
loss^ ^ for water which is electrically in- 
active and “high-loss’^ for water that is 
electrically active regardless of physical 
form or chemical properties. Although 
the line of demarcation between high-loss 
and low-loss water varies with condi- 
tions, such as temperature, it is possible 
to set up a readily reproducible value as 
a standard for a given condition. 

For this purpose, a dielectric-loss or 
power-factor measurement can be used 
as an index to differentiate between 
high-loss and low-loss water with a base 
line selected at will to meet a desired 
condition. 

Water in oil is considered to be in a 
low-loss state when a measurement of its 
dielectric loss and power factor shows 
readings below reference values which 
arbitrarily have been selected by experi- 
ence to represent a condition that is 
harmless or safe electrically y that is, not 


detrimental to the high-voltage insulat- 
ing property of the oil, within practical 
limits. Conversely, when the measured 
values of the dielectric loss and power 
factor are greater than the reference 
values already mentioned, the term high- 
loss applies. 

It should be borne in mind that the 
use of the terms high-loss and low-loss 
water is not intended to describe any 
physical or chemical form of the water 
itself, but rather an electrical state or 
condition which exists due to the presence 
of water in oil. 

Thus defined, the terms high-loss and 
low-loss will be used to explain the need 
for and significance of water determination 
in new and used oils. Since the use of 
an electrical test indicates only the pres- 
ence of the high-loss water that is an im- 
mediate hazard, the complete study of 
the effects of water conditions in oil 
requires some knowledge of the total 
amount of water present. 

The determination of the water con- 
tent of insulating oil is essential because : 

1. The presence of high-loss water 
constitutes an immediate electrical haz- 
ard. The amount of high-loss water can 
be determined only by some extraction 
means. 

2. The presence of low-loss water in 
oil may be a potential hazard even 
though temporarily it does not reduce 
the dielectric value of the oil. A small 
drop in temperature may cause some of 
the low-loss water to become high-loss 
water, which is an immediate failure 
hazard. 

3. Much of the moisture that enters 
and becomes a hazard to solid insulation 
immersed in oil is transferred from the oil 
in a low-loss form.3 

4. Preliminary studies indicate that 
the total amount of low-loss water that 


3 F. M. Clark, “Water Solution in High-Voltage Dielec- 
tric Liquids,” Transactions, Am. Inst. Electrical Engrs, 
Vol, 59, August, 1940, p. 433. 
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an oil can tolerate when saturated may be 
highly significant in the study of oil 
deterioration. 

5 . Control of the water-retention char- 
acteristics in the development of new oils 
is important. 
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solved sludge, and may have dissolved 
in them various substances derived 
from deteriorated solid insulation, or 
from varnishes and chemical substances 
used in the manufacture of the apparatus 
which is immersed in the oil As some 


Fig. 1. — Photograph of Doble Water-Extraction Apparatus. 


The apparatus and method described 
in this paper are designed to measure ac- 
curately the total water content of both 
new and used oils. Particular emphasis 
has been put on the solution of the more 
difficult part of the water measurement 
problem, namely, the testing of old oils 
which are dark in color, contain dis- 


of these substances are chemically ac- 
tive, the employment of a chemical 
test for water is always subject to the 
possibility of side reactions which may 
give a false indication of water content. 
To test an oil for the presence of sub- 
stances which might react with the re- 
agent to be used in the water test would 
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be time-consirniing and expensive. The 
ideal water test, accordingly, is a quick 
test' which' side-steps this dfficuity, is 
easy to make, and requires a minimum 
of special training on the part of the 
operator. The ability to reproduce re- 
sults is of course a prime requisite of any 
quantitative test. In the literature there 
is a reference^ describing the Rodman 


In the Doble method, water is ex- 
tracted from the oil by heating, shaking, 
and vacuum; light ends and contami- 
nants are removed by means of a filter of 
activated carbon; and the true amount 
of water is determined from its weight 
as absorbed in a tube of P2O5. The 
water content is then calculated from the 


TO PUMP- 



CONSTRUCTION - PYREX 
TUBING ■ 9M.M. O.D. 

1. O5 

2. CARBON TRAP 

3. FREEZING TRAP 
A FROTH TRAP 

5. RETORT IN OVEN 

6. AIR DRIER 

7. SHAKER DRIVE 


MODEL WE“ C * 



Fig. 2. — Schematic Diagram of Apparatus in Fig. 1. 
Dimensions are in millimeters . 


method which utilizes the basic functions 
of heating, shaking, and evacuation in 
conjunction with an absorption tube 
containing phosphoric anhydride. This 
method was subject to errors, when 
applied to deteriorated oils, arising from 
reactions between the phosphoric anhy- 
dride and the substances in the distillate 
from the oil sample other than water. 

^ C. J. Rodman, “Determination of Moisture in Insulat- 
ing Oils,*’ Industrial and Engineering Chemistry. Vol. 13, 
pp. 1149-1150 (1921). 


weights of the sample and the extracted 
moisture. 

Fundamental Processes and Observations: 

The Doble system is shown in Figs. 
1 and 2. The train is constructed of 
pyrex glass with the exception of rubber 
or neoprene seals which guard the joint 
between the oscillating retort and the 
fixed portion of the train which serve as 
connections for the absorption tubes. 
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In operation, the system is evacuated, 
and a weighed sample of oil is injected 
into the retort. Since a partial degasifi- 
cation occurs during the injection and a 
significant portion of the moisture escapes 
from, the oil with the dissolved air, the 
retort is isolated during the injection. 
Next, the gas is perm,itted to flow slowly 
through the freezing trap where the water 
congeals. Then with the gas flow di- 
rected through the filter and the absorp- 
tion tube, the retort is heated and the 
shaking motion started. When extrac- 
tion has been accomplished, the retort is 
isolated by a stopcock and the first step 
in the process is complete. 

The freezing mixture is removed from 
around the trap and gradually the trap is 
heated to dryness. Much of the mois- 
ture in the trap sublimes during the early 
stages of the heating, but as light ends 
of oil and whatever volatile impurities 
existed in the sample are also present in 
the trap, sufficient heat must be applied 
to vaporize them. A droplet of water 
covered with a film of oil frequently will 
not vaporize until a temperature of 
150 C. or higher has been reached. As a 
bursting droplet of water sometimes 
sprays tiny droplets of water onto the 
oily surface of cooler portions of the 
trap, it is desirable to retrieve such par- 
ticles by replacing the freezing mixture. 
Any free liquid will return in a few 
seconds to the chilled area, and a second 
heating is usually sufiScient to secure 
complete vaporization. 

On leaving the freezing trap, the 
vapors and gases flow through the car- 
bon filter, which absorbs all hydrocar- 
bons, and thence through an absorption 
trap where the water vapor reacts with 
phosphoric anhydride, and the air or 
other gases escape to the vacuum sys- 
tem. As ortho-phosphoric acid has an 
extremely low vapor pressure, the escape 
of extracted water to the vacuum system 
is negligible. ; - 


The fundamental processes' involved 
in this extraction method are all rela- 
tively simple and well established. 
However, to secure the accuracy needed 
in a study of the function of water in 
insulating oil, and to provide' an appa- 
.ratus which is dependable and also easy 
to operate,' an extended study of many 
of the reactions involved was needed. 

As used oils frequently contain reac- 
tive substances in solution, the filter , is 
necessary to protect the absorpt,ion tube 
from contamination and side reactions 
which would give a false indication of 
water pickup. The carbon filter effec- 
tively traps the impurities, but it also 
absorbs a small amount of the water 
vapor which passes through it. An es- 
sential feature of this system, accord- 
ingly, was the development of a technique 
for preparing and calibrating these 
filters in quantity. I 

The system operates under vacuum at 
all times. The vacuum requirement, 
however, is not critical, any pressure less 
than 0.5 mm. being satisfactory, and this 
may be obtained conveneintly from al- 
most any rotaiy laboratory pump. 

As it is impossible to render a glass 
system actually dry without resorting 
to high temperature, the Doble system is 
maintained in a state of semi-equilib- 
rium by providing the train with an air 
drier through which air is admitted to 
the system when any element is to be 
removed for weighing or emptying. The 
retort is exposed to room air when it is 
emptied, but as it is always warm when 
emptied and is immediately evacuated 
when replaced, no error within the range 
of accuracy employed can be detected. 
To ensure stable conditions, the charge 
of exhausted sample is always left in 
the retort. A ^ ‘blank’’ run is made on 
this spent oil before the first test run is 
made any subsequent day. Accord- 
ingly,. every test ran directly follows a 
previous ran, and the condition of the 
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walls of the apparatus remains relatively 
constant. As water content only is 
under investigation, it is unnecessary to 
clean the retort, any film of oil or sludge 
adhering to it having been previously 
dried. 

Operation of the Doble System: 

With the elements of the train in posi- 
tion, the whole system is pumped out 
through the by-pass, the retort is isolated 
by manipulating the appropriate stop- 
cock, a freezing mixture is raised around 
the capsule of the freezing trap, and a 
weighed sample (200 g.) is injected into 
the retort. The evolved gas is now sal- 
lowed to fliow into the freezing trap 
slowly until the vacuum in the retort is 
restored. The three-way stopcock is 
reversed, and the absorption tube and 
filter are opened to the line. The heater 
is now turned on and the shaker started. 
The time is recorded and heating is con- 
tinued until the well temperature reaches 
75 C., but the shaking is continued until 
10 min. have elapsed. The retort is 
now isolated, the freezing mixture 
lowered, and a small flame is applied to 
the capsule of the freezing trap. When 
the trap is dry, the freezing mixture is 
returned for J min., and then the trap is 
again heated to dryness. This operation 
requires about 5 min. The apparatus is 
allowed to rest in this condition with the 
pump operating for an additional 5 min. 
so that the over-all time from the start of 
the heating to the closing and removal of 
the absorption tube is just 20 min. As 
the calibration of the filters is based on 
this schedule, the over-all time must be 
observed. 

Preparation and Calibration of Filters: 

The preparation and calibration of the 
carbon filter tubes consist of two opera- 
tions. A batch of tubes is loaded with 
some definite volume of activated carbon 
which has been previously cleaned by 


heating for 2 hr. in mcuo at 150 C., and 
the tubes are then subjected to a 4-hr. 
evacuation. Several tubes from the 
batch are then taken at random and are 
calibrated. 

The second operation, the calibration, 
consists of subjecting the tubes indi- 
vidually to weighed amounts of water, 
and measuring the amount recovered 
after passage through the filters. It is 
our practice to calibrate the first tube 
with a small amount of water, say 5 mg., 
which would correspond to 25 ppm. if 
derived from a 200-g. sample of oil. 
The second tube would be tested with 
about 30 mg. which would correspond to 
150 ppm. When plotted, input (ab- 
scissa) against output (ordinate), if the 
two points are equidistant from the line 
X = y, the calibration is considered 
satisfactory. If the two points vary in 
distance, another tube is tested with 
about 20 mg. From the position of the 
three plots it is usually possible to detect 
and check the erratic reading. In use 
on an unknown sample, the gain in 
weight of the absorption tube is found 
on the ordinate, and the corrected value 
is read on the abscissa. 

The calibration procedure makes use 
of the extraction apparatus and follows 
the time schedule and technique regu- 
larly employed. The method consists of 
isolating the retort and placing a 
weighed amount of water, from a drop- 
per, in the freezing trap capsule. The 
freezing mixture is then applied, the 
system is evacuated, the P2O5 and car- 
bon tubes are opened to the line, a 10- 
min. interval (corresponding to the time 
allowed for the heating and shaking of a 
sample) is observed, and from then on 
the regular manipulations are carried out. 

Application: 

The Doble apparatus was designed 
specifically for use with transformer or 
other high-boiling-point hydrocarbon 
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liquids. In its present form, it is not 
recommended for use with askarels. 
The accurate range is from 25 to about 
600 ppm., and reproducibility is in the 
order of dz5 ppm. Lower readings can, 
of course, be obtained, but the probable 
error in the case of a 10-ppm. reading is 
in the order of 50 per cent. 


As a research, tool it is highly useful, 
since it enables the operator to handle 
samples over a considerable range of 
temperature without observing special 
precautions. 

As judgment does not enter into the 
operation of the system, excellent results 
can be obtained by anyone capable of 
operating an analytical balance. 



DISCUSSION 


Mr. J. C. Balsbaugh,^ — It is prob- 
ably true that water is the single most 
important factor in determining the per- 
formance and life characteristics of 
electrical insulation. In oil-immersed 
insulation, water not only affects the 
electrical characteristics of the liquid 
itself but affects the solid insulation 
through transfer from the liquid. Ac- 
cordingly, a simple test that can ac- 
curately measure the amount of moisture 
present in the liquid at any time is very 
important. I believe that the Doble 
method is satisfactory for this purpose. 

While much work has been done to 
study the problem from a theoretical 
point of view, the satisfactory perform- 
ance of high-voltage liquid-immersed 
insulation is based primarily on the cor- 
relation over long periods of time of 
various significant tests with perform- 
ance experience. Experimental work 
has definitely indicated that there are 
many factors influencing the electrical 
effect of a given amount of water. Ac- 
cordingly the separation of the effect 
of the water from a practical point of 
view into ^flow-loss” and “high-loss’’ 
terms is desirable. 

Practical work on liquid insulation 
from the point of viev^ of dielectric loss 
and breakdown requires tests at rela- 
tively high gradients and at power fre- 
quencies. It is believed that much could 
be learned about the performance and 
the relative condition of this type of in- 
sulation by power-factor measurements 
over wide-frequency, temperature, and 


gradient . ranges on appropriate labora- 
tory models. Furthermore, dielectric 
breakdown characteristics should be 
studied at high-frequency or with pulsing 
circuits as compared with power fre- 
quencies that have been generally used. 
Accelerated aging or life characteristics 
of insulation at power frequencies re- 
quires relatively high gradients to give a 
reasonable length of test. The use of 
liigh-frequency or pulsing circuits should 
give tests of approximately equal length 
of time but would permit the use of po- 
tential gradients corresponding to com- 
mercial practice. Thus the severity of 
the life tests would be obtained by chang- 
ing the frequency of the voltage rather 
than the magnitude of the voltage. 

Mr. E. A. Snyder^ {hy letter) —Tht 
author has contributed a valuable addi- 
tion to methods for determination of 
small amounts of water in mineral pe- 
troleum oils. The apparatus is well 
designed and engineered and should with 
practice prove to be fairly easily manipu- 
lated. There are, however, several 
points in the author’s paper which, I 
think, could and should be clarified or 
more fully developed. 

At the top of page 1476 the author 
states “. . . under other conditions, 
several hundred parts per million of water 
may be present in an insulating oil. . . 

I feel that this is a rather vague state- 
ment and that the author should more 
specifically illustrate with factual data as 
to what these conditions are, because al- 
though he states this to be a well-known 


1 Associate Professor of Electric Power Production and 

Distribution, Massachusetts Inst, of Technology, Cam- ® Insulating Oil Sales and Chief Engineer of Process 
bridge, Mass. Products, Socony-Vacuum Oil Co., New York, N. Y. 
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fact, many readers of the paper maymot 
know under what conditions it is possible. 
On page 1476 the author states “Al- 
though the line of demarcation between 
high-loss and low-loss water varies with 
conditions, ■ such as temperature, it is . 
possible to set up a readily reproducible 
value as a standard for a given condi- 
tiond^ He attempts in the next para- 
graph to explain that a dielectric-loss or 
power-factor measurement can be used 
as an index to differentiate between high- 
loss and low-loss water with “a base line 
selected at will to meet a desired condi- 
tion/® This seems to be a very vague 
explanation of the difference between his 
so-called “low-loss®® and “high-loss®® 
water. Water is not the only cause of 
low dielectric strength or poor power fac- 
tor value. Other very common con- 
taminants also influence these two tests 
and it would seem desirable to have a 
more understandable statement as to 
how one can define or determine the line 
of demarcation between what he calls 
high-loss and low-loss water. 

Later on page 1476, the author states 
that . the terms high-loss and low-loss 
water is not intended to describe any 
physical or chemical form of the water 
itself, but rather an electrical state or 
condition which exists due to the pres- 
ence of water in oil®® To me, this para- 
graph is meaningless. What is this elec- 
trical state or condition? What is the 
author trying to say? Can he be more 
specific and give the reader, a clearer pic- 
ture of what he considers the difference 
between high-loss and low-loss water. 
Without a clearly expressed definition it 
is of course very difficult to understand 
the statement that he makes in a subse- 
quent paragraph, “that high-loss water is 
an immediate electrical hazard.®® 

The author states that the amount of 
high-loss water can be determined only 


Ly some' extraction, means. I should 
like an explanation as to what happens 
to the so-called low-loss water while he 
is extracting the high-loss water. 

Under item 4 of this same paragraph, 
and at the top of page 1477 the author 
states that the “total amount of low-loss 
water that an oil can tolerate when 
saturated may be highly, significant in the 
study of oil deterioration,®® yet I do not 
see that he has shown in his paper any 
means of quantitatively determining the 
actual amounts of both low-loss and high- 
loss water — or in other words, differenti- 
ating between the quantitative percent- 
ages of both types of water. 

In the second column, page 1477 the 
author simply states that certain dis- 
solved sludges or other contaminants or 
“chemical substances’® are present in oil 
and that they are chemically active and 
consequently invalidate the results ob- 
tained by any chemical test for the de- 
termination of water. A statement of 
this kind should be substantiated by 
actual data. I cannot see where the 
author has proved this statement which 
indirectly infers that chemical tests such 
as the Karl Fischer test will not give 
accurate results. 

Mr. T. K. Sloat.® — In^ this' paper Mr. 
Doble states: “it is well known that, 
under certain conditions, as little as 10 
to 20 ppm. of water in oil will greatly 
reduce its dielectric-breakdown value and 
constitute an immediate hazard,®’ and 
later: “It is well' known that, under 
other conditions, several hundred parts 
per million of water may be present in an 
insulating oil without significantly re- 
ducing its electrical insulating value.®’ 
What are these conditions? I do not feel 
that these conditions are well known. 

Mr. Doble assumes there is a line of 
demarcation between the so-called “high- 
loss®® and “low-loss’® water. What is the 

» Westinghouse Electric Corp., Sharoiij Pa.' , 



1484 


Discussion: ON Water Determination in Insulating Oils 


basis for establishing a line of demarca- 
tion when in the following paragraph he 
states that a base line can be selected at 
will to meet a desired condit'on? 

On page 1476 Doble says that “The 
amount of high-loss water can be deter- 
mined only by some extraction mcans.’^ 
What happens to the low-loss water in 
such a test? In Item 2, a drop in 
temperature is given as the cause for 
some of the low-loss water becoming 
high-loss water. This seems to be ques- 
tionable since a decrease in temperature 
would more than likely improve the 
power factor and this would be the only 
means of detecting any change in the 
condition of the oil as the dielectric value 
is assumed to remain constant. In addi- 
tion, this is not in line with the A.S.T.M. 
methods of testing power factor and di- 
electric value as they are tested at only 
one temperature. Item 5 does not agree 
with the steam immersion studies be- 
cause the amount of water an oil will 
tolerate has little significance as far as 
transformers are concerned. 

One would assume from this paper that 
the piezence of water in insulating oil is 
the only condition that affects the power 
factor and dielectric loss. This is not 
true, inasmuch as dissolved varnish, car- 
bon particles, soaps, etc., have a decided 
effect on these tests. Similarly there is 
no proof that the Doble method is meas- 
uring only water. Low molecular weight 
acids^ hydroxy acids, and other impuri- 
ties are present in the distillate from the 
oil and it is questionable that a carbon 
filter will selectively absorb only the 
impurities. 

Mr, Frank C. Doble {author ), — ^The 
comments by Messrs. Snyder and Sloat 
indicate that it would be helpful to some 
readers of this paper if references were 
furnished to substantiate certain state- 
ments made by the author in the brief 
treatment of the significance of water in 
oil. One set of answers will be given 


since several of the comments cover 
common ground. 

Substantiation of the au thorns state- 
ment . it is well known that under 
certain conditions as little as 10 to 20 
ppm. of water in oil will greatly reduce 
its dielectric-breakdown value and con- 
stitute an immediate hazard .. (yet) 
under other conditions, several hundred 
parts per million of water may be present 
in an insulating oil without signifi- 
cantly reducing its electrical insulating 
value ...” may be found in the compre- 
hensive treatment by F. M. Clark, cited 
as footnote 3 in the Doble paper, and 
also in the “Standard Handbook for 
Electrical Engineers” (McGraw Hill), 
and in an article by Colby W. Bryden.^ 

A full explanation of the author^s use 
of the terms “low-loss” and “high-loss” 
water to describe certain states or condi- 
tions of water in insulating oil is given 
in a paper presented by the author before 
the National Research Council at 
Harvard College, Nov. 2, 1939, and in 
the author’s discussion® of F. M. Clark’s 
paper. 

It appears that three questions have 
been raised concerning the author’s state- 
ments, “Although the line of demarcation 
between high-loss and low-loss water 
varies with conditions, such as tempera- 
ture, it is possible to set up a readily 
reproducible value as a standard for a 
given condition. For this purpose, a di- 
electric-loss or power factor measurement 
can be used as an index to differentiate 
between high-loss and low-loss water with 
a base line selected at will to meet a de- 
sired condition.” 

1. Of what significance is a base line 
which can be arbitrarily selected at will? 


4 Colby W. Biyden, “The Deteriorat'on and Mainte- 
nance of OW.** Iron and Steel Engineer, Fe )ruary- 1930, p. 
274. 

6 F. M. Clark, “Water Solution in Hi-rh- Voltage Di- 
electric Liquids,” Transactions, Am, Inst. Electrical 
Engrs., Vol, 59, p. 1193 (1940). F, C, Doble commentary 
on this paper. 
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In a laboratory study of new oils 
where tolerances are close, an arbitrarily 
selected value of, say, 0.02 per cent power 
factor may be used as a line of demarca- 
tion between high-loss and low-loss 
water, and this same line can be used 
subsequently in continued or similar 
studies. In field work, where oil power 
factors are usually much above 0,02 per 
cent, and working margins are wider, 
partly because of contaminants, the 
selection of 2 per cent power factor might 
be more feasible. Thus in one case the 
arbitrary value of 0.02 per cent power 
factor is significant and in another case 
a power factor value of 2 per cent may be 
equally valuable. An analogy, using 
the terms hot and cold^ may serve to 
clarify the variable base-line problem. 
For example, a person may select 70 F. 
as the optimum temperature of a living 
room, considering higher temperatures 
too hot and lower temperatures too cool. 
However, the same individual would be 
likely to select 40 F. as the optimum 
temperature for his refrigerator and hold 
that temperatures above 40 F. were too 
hot and lower temperatures too cold. 
Obviously, the selection of more than 
one base line is significant. 

2. How can power factor, which re- 


sponds to impurities in oil other than 
water be used to differentiate between 
two water-oil conditions? 

In a condition where water is present 
in an oil which also contains other con- 
taminants, a low power factor value will 
prove that whatever water is present is 
in a low-loss form. 

The presence of high-loss water in 
such an oil will be indicated by a high 
power factor reading. However, when 
other contaminants are known or sus- 
pected to be present, further tests to 
differentiate the loss due to water from 
the losses caused by other contaminants 
must be made. 

3. How can high-loss and low-loss 
water be differentiated quantitatively? 

A quantitative differentiation between 
high-loss and low-loss water can easily 
be made if desired. From a sample 
rated as containing high-loss water, a 
cut is analyzed for the total water con- 
tent. Another cut from the same sample 
is centrifuged to remove the high-loss 
water, and the remainder is analyzed for 
its total water content which will repre- 
sent the amount of low-loss water in- 
volved. The difference between these 
two water contents shows the amount of 
high-loss water present. 



ELECTRICAL QUALITY CLASSIFICATION OF RAW MICA BY A 
RAPID, DIRECT-READING TEST METHOD* 

By Kenneth G. Coutlee^ , 

Synopsis 

The rapid direct-reading test method for classifying dielectric loss of raw 
mica 0.010 to 0.030 in. thick in terms of Q at 1 megacycle, specified in A.S.T.M. 
Tentative Specifications for Natural Block Mica and Mica Films Suitable for 
Use in Fixed Mica-Dielectric Capacitors (D 748 - 45 T)^ has been the sub- 
ject of a round-robin test by Subcommittee IX on Mica Products of A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. Tests were made by five 
consumers and two producers of mica on samples of electrically selected low 
visual quality block mica of 14 different types and various colors from world- 
wide sources. . 

All participants were found to be in close agreement using the rapid test 
method, and the Q calibration of the various meter ranges as determined by Q 
measurements of the test specimens by conventional test methods in accord- 
ance with A.S.T.M. Tentative Methods of Test for Power Factor and Di- 
electric Constant of Electrical Insulating Materials (D 150 - 45 T)® was found 
to be satisfactory for electrical quality classification of mica. 


The wartime need for a quick test to 
evaluate the electrical quality of raw 
mica used in huge quantities in electronic 
devices for the armed forces was ful- 
filled by the Rapid Direct Reading 
Method incorporated in A.S.T.M. Tenta- 
tive Specifications D 748 - 45 T.^ Sub- 
committee IX on Mica Products of A.S. 
T.M. Committee D-9 on Electrical Insu^ 
dating Materials recently conducted a 
round-robin test of dielectric loss of raw 
mica in block form in terms of Q at 1 
megacycle using this method. Other 
methods of measuring Q and dielectric 
constant specified in A.S.T.M. Tentative 
Methods D 150- 45 T® also were em- 

* Presented at the Forty-nmth Annual Meeting of the 
Society, June 24-28, 1916. 

1 J^ieniber of Technical Staff, Bell Telephone Lab- 
oratories, Inc., New York, N. Y. 

2 1945 Supplement to Book of A.S.T.M. Standards, 
Part HI, p. 322. 

s/k*d., p. 275. 


ployed by some participants for com- 
parison purposes. The purpose of the 
round-robin test was threefold: (1) to 
determine the degree of agreement 
between various laboratories using the 
rapid method; (2) to check the Q calibra- 
tion of the meter used in the rapid test 
method; and (3) to determine whether 
circular lead foil electrodes 2 in. in 
diameter, affixed with petrolatum, were 
satisfactory for measuring the Q ' and 
dielectric constant of block mica ap- 
proximately 0.020 in. thick, at 1 mega- 
cycle. A total of seven laboratories 
participated in the: round-robin test 
which included five consumers (R.C.A. 
Victor Division of the Radio Corpora- 
tion of America, Western Electric Co., 
Bureau of Ships, Signal Corps, and Bell 
Telephone Laboratories, Inc.) and two 
producers of mica (Ford. Radio and Mica 


im 
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Gorp. and Mica Insulator Co.). An 
analysis of the test data received from 
these seven laboratories is given in the 
following and shows that all of the objec- 
tives of the test were satisfactorily met. 

History oe Rapid Test Method 

It might be well at the outset to review 
briefly the events leading up to the 
development of electrical methods of 
quality control of mica and their in- 
corporation in A.S.T.M. Tentative Speci- 


rapidly classifying the electrical quality 
of mica for capacitor use (Fig. 1) to sup- 
plement visual quality classification in 
A.S.T.M. Methods D 351, and was car- 
ded out by Bell Telephone Laboratories^ 
Inc., in cooperation with the National 
Research Council. This mica research 
project^ ultimately culminated in the 
development of two portable, battery- 
operated electrical test methods, one for 
classifying Q at 1 megacycle of block 
mica or mica splittings and the other a 



Fig. 1. — The Mica Q Test Set. 


fications D 748. The ' critical wartime 
shortage of high-quality mica resulting 
from an unprecedented demand for mica 
capacitors was greatly aggravated in the 
early period of the war by the sharp de- 
crease in the supply from India, at that 
time the chief source of electrical mica. 

The War Production Board took steps 
to insure that the supply from estab-' 
lished sources would be increased; de- 
velop new sources in the United States, 
South and Central America, and Canada; 
and inaugurate a mica conservation 
program. One phase of the Government 
mica program was concerned with the 
development of positive electrical tests 
that could be used at mine locations for 


method for locating conducting inclu- 
sions and mechanical faults that might 
adversely influence the dielectric strength 
of block mica or splittings. 

The experimental results of this mica 
research project were revealed to mem- 
bers of Section 3 of Subcommittee IX 
of Committee D-9 on May 12, 1943, and 
copies of all reports published in connec- 
tion with this project were sent to each 
member. As a result of this close co- 
operation between the National Re- 
search Council Mica Project Committee 

G. Coutl^e, “Saving Mica by Testing,” Bell 
Laboratories Record ^ September, 1944. 

« K,. G. Centime, “Judging Mica Quality Electrical iy,” 
Transactions t Am. Inst. Electrical Engrs., Vol. 64, p. 7:^5 

( 1945 ), 


TABLE I.-A.S.T.M. ROUND-ROBIN Q TESTS OF BLOCK MICA AT 1 MEGACYCLE ElklPLOYING THE RAPID METHOD AND OTIffiR METHODS SPECIFIED 

IN A.S.T.M. SPECIFICATIONS D 748. 
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and A-S,T.M. Subcommittee IX on Mica 
Products it was possible to prepare and 
issue A.S.T.M, Specifications D 748 in- 
corporating these test methods, by 
■November, 1943, in time for wartime use 
by industry. The results of this in- 
vestigation have shown that block mica 
can be selected electrically by test meth- 
ods that are fast and reliable, for use in 
making highest quality as well as less 
critical types of capacitors and that much 
mica previously judged as unsuitable for 
such use by visual standards can be 
used. This effectively has increased the 
mica supply for capacitors by as much 
as 60 per cent. 

Although the test methods contained 
in Specifications D 748 were the subject 
of an extensive commercial trial as part 
of the research program for the War 
Production Board it was not possible, 
due to the war urgency, to carry out the 
usual A.S.T.M. round-robin tests of the 
test methods prior to their inclusion in 
the specifications. Therefore, as soon 
as time permitted, a round-robin test of 
the rapid method of Q classification, 
which is considered the more critical of 
the two electrical test methods that were 
developed, was started and the results 
obtained are given in this paper. 

Test Specimens 

The test specimens used in the round- 
robin tests were selected by Bell Tele- 
phone* Laboratories and corresponded 
to E-1, E-2, and E-3 electrical quality in 
Specifications D 748. In these three 
electrical-quality classification groups, 
E-1 is the range of lowest dielectric loss 
perpendicular to the plane of basal 
cleavage obtainable for any mica, E-2 an 
intermediate loss range, and E-3 a higher 
loss range, but still perfectly satisfactory 
for less critical types of capacitors which 
constitute a very large percentage of the 
total. Five representative specimens of 


each of 14 different varieties of ruby and 
green types of muscovite mica from 
Brazil, India, Canada, and the United 
States were selected, and with the ex- 
ception of one lot (lot M India ruby 
^^good stained’ 0 which served as a con- 
trol in the tests that were made for the 
War Production Board all 13 others 
were below visual standards considered 
suitable for capacitor use. Detailed 
information concerning source, color, 
commercial quality and electrical quality 
in accordance with A.S.T.M. Specifica- 
tions D 748 classification is given in 
Table I. Lots A, B, D, E, F, H, I, J, 
L, M, 0, and P were selected as E-1 
(Q 2500 minimum) ; lot Q as E-2 (Q 350 
minimum); and R as E-3 (Q SO mini- 
mum); in the manner specified in the 
rapid method in D 748. In other words 
each sample of block mica, which was 
approximately 0.020 in. thick, first was 
clamped between the 2-in. diameter test 
electrodes (without foil electrodes) and 
the Q classification as well as the reading 
of the meter observed. These specimens 
were selected from lots of mica which had 
been stored for a period of several months 
in an air-conditioned room operating at 
50 per cent relative humidity, 73 F., and 
were not baked prior to selection. 

As the round-robin test also entailed 
Q and dielectric constant measurements 
by other test methods which would 
require the use of foil electrodes, such 
electrodes were applied after the initial 
selection test was made. While it would 
have been possible for each testing 
laboratory to make rapid tests without 
electrodes and then apply them for con- 
ventional tests, it was felt too many 
variables might be introduced into the 
test if such a procedure was followed. 
Lead-foil electrodes 0.0005 in. thick 
and 2 in. in diameter were mounted on 
both faces of each specimen using a 
minimum quantity of U.S.P. amber 
petrolatum as an adhesive. Since the 
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mica specimens were transparent, this 
permitted accurate alignment of the 
electrodes. Visible contamination and 
linger marks on the mica specimens were 
removed by rubbing with a soft lint-free 
cotton cloth prior to the application of 
electrodes. 

, At the completion of the round-robin 
tests, the lead-foil electrodes were re- 
moved and the samples immediately re- 
tested by the rapid method, care being 
exercised to have the test electrodes 
contact the same area originally covered 
by the foil electrodes. The values ob- 
tained are shown in Table II and were 
either the same or generally within one 
scale division of those obtained with foil 
electrodes on the samples. 

It is interesting to note that the foil 
electrodes remained in firm contact with 
the mica all through the round-robin 
tests. In fact the adherence was so 
good that some difficulty was experi- 
enced in removing them. No formation, 
of gas bubbles under the foils of any of 
the samples was observed such as usually 
occurs when left in contact with plastic 
specimens for a long period of time. 
This seems to indicate that if any gas 
was evolved from the specimens per- 
pendicular to the plane of basal cleavage, 
especially those containing excessive 
amounts of air bubbles, such as lots A, 
B, and I), it was not in sufficient quan- 
tity to form pockets under the foils. 

Test Procedure ^ 

The mica test specimens with foil 
electrodes attached were circulated 
among the various testing laboratories 
being transported in an air-tight con- 
tainer, Each sample was enclosed in a 
cellophane envelope marked with the 
sample designation. The sample desig- 
nation also was scratched into one face 
of each test specimen. At the start of a 
test all the specimens were removed from 
the container and then taken from the 


table ii,-~rapid method q classification 

OF BLOCK MICA USED IN A.S.T.M. ROUND- 
ROBIN Q TESTS IMMEDIATELY AFTER 
REMOVAL OF FOIL ELECTRODES. 


Lot 

Sample 

Range 

Meter 

Reading 

Air 

Pockets" 


No. 

1 

E-1 

96+ 

Yes 


No. 

6 

E-1 

98+ 

Yes 

A 

No. 

7- 

E-1 

99+ 

No 


No. 

8 

E-1 

98+ 

No 


No. 

9 

E-1 

, 98+ 

No 


No. 

7 

E-1 

97+ 

Yes 


No. 

8 

E-1 

95+ 

No 

B 

No. 

9 

E-1 

98 

No 

1 

No. : 

10 

E-1 

96 

No 


No. : 

11 

E-1 

98 

No 

f 

No. 

7 

E-1 

98 

No 

D 

No. 

8 

E-1 

97+ 

No 

No. 

9 

E-1 

96+ 

No 


No. : 

10 

E-1 

97 

No 

1 

No. : 

11 

E-1 

95+ 

No 


No. 

2 

E-1 

96+ 

Yes 


No. 

7 

E-1 

97+ 

No 

E 

No. 

8 

E-1 

97+ 

No 


No. 

9 

E-1 

99 

No 


No. : 

10 

E-l 

97 

Yes 


No. 

2 

E-1 

99+ 

Yes 


No. 

6 

E-1 

95 

Yes 

F 

No. 

7 

E-1 

98 

Yes 


No. 

8 

E-2 

94+ 

Yes 


No. 

9 

E-1 

95 

No 


No. 

1 

E-1 

98 

Yes 


No. 

2 

E-i 

96+ 

Yes 

H 

No. 

4 

E-1 

96 

Yes 


No, 

5 

E-1 

96+ 

Yes 


No. 

7 

E-1 

98+ 

Yes 


No. 

7 

E-1 

97 

No 


No. 

8 

E-1 

95 

No 

I 

No. 

9 

E-1 

98 

No 


No. 

10 

E-1 

96 

No 


No. 

11 

E-1 

97 

No 

f 

No. 

1 

E-1 

97 

No 

I i 

No. 

4 

E-1 

96+ 

No 

1 

No. 

7 

E-1 

97 

No 

1 

No. 

10 

E-1 

95+ 

Yes 

r 

No. 

S 

E-1 i 

95 1 

Yes 


No. 

7 

E-1 

97+ 

No 

L 1 

No. 

8 

E-1 

95 

No 

j 

No. 

9 

E-1 

99 

No 

1 

No. 

10 

E-1 

96 

No 

f 

No. 

1 

E-1 

97 

1 No 


No. 

2 

E-1 

99 

No 

M 

No. 

3 

E-1 

96+ 

No 


No. 

4 

E-1 

97 

Yes 

1 

No. 

5 

E-1 

99 

Yes . 

f 

No. 

1 

E-1 

98+ 

Yes 


No. 

3 

E-1 

97 

Yes ^ 

0 

No. 

4 

E-1 

96+ 

Yes 


No. 

5 

E-1 

95+ 

Yes 

1 

No. 

6 

E-1 

97 

Yes - 


No. 

1 

E-1 

96 

Yes 


No. 

2 

E-1 

97+ 

Yes 

P 

No. 

5 

E-1 

96+ 

Yes 


No. 

6 

E-1 

97 

Yes 


No. 

7 

E-1 

97+ 

Yes 


No. 

1 

E-2 

87 

No 


No. 

2 

E-2 

91+ 

Yes 

Q 

No. 

3 

E-2 

91 

Yes 


No. 

5 

E-2 

85 

No 


. No. 

6 

E-1 

95 

No 


' No. 

1 

E-3 

77+ 

No 


No. 

2 

E-3 

57+ 

. No . 

R 

No. 

3 

E-3 

67+ 

No 


No. 

4 

E-3 

, 72+; 

No 


[■ -No. 

..5 

E-3 ' 

41+ 

No 


“ Air pockets due to partial delamination which ex? 
teaded iato the region covered by the foil electrodes. 
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cellophane envelope one at a time and 
tested. So as to reduce variations to a 
minimum^ instructions were given to 


Fig. 2.— Simplified Circuit Indicating the 
Method of Testing for Q or Power 
Factor. 


Fig. 4. — Meter Scale of the Mica Q Test Set 


Fig. vS. — Test Electrodes. 


connect the foil electrode on the designa- 
tion side of the sample to the ungrounded 
side of whatever test circuit was being 
used. This was done to eliminate possi- 
ble variations as it had been observed, 
particularly in the case of high-loss 
samples, that oddly enough the power 
factor was sometimes influenced by 
which side of the specimen was connected 
to ground. 

In the rapid method tests (Fig. 2) the 
sample was located so that the foil 
electrodes registered accurately with 
respect to the test set electrodes (Fig. 3) 


and clamped in that position. The Q 
balance dial of the test circuit was ad- 
justed to give maximum deflection of the 
meter and the Q range and meter reading 
(0 to 100 scale) obtained were recorded 
and this procedure was repeated for each 
sample. It is not necessary to read the 
meter scale (Fig. 4) in the normal use of 
this test method but merely observe the 
Q range. However, the scale reading 
also was required in the round-robin tests 
in order to permit a comparison of in- 
dividual test sets. 
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During measurements of Q and dielec- 
tric constant by conventional test meth- 
ods in A.S.T.M. Methods D 150 a some- 
what similar procedure to that used in 
the rapid test method was followed. 
However, in this test the sample was not 
clamped under pressure between elec- 
trodes as it was in the rapid test method. 
Rather, contact to the foil electrode on 
the ungrounded side of the circuit was 
made by a gold-plated saw-tooth piece of 
brass about f in. wide soldered to a short 
length of No. 14 B. & S. gage bare copper 
wire. Connection to the lower grounded 
electrode was made by laying the sample 
on a gold-plated brass disk about 1\ in. 
in diameter. The zero reading of the 
circuit was taken with a |-in. air gap 
between the upper contact and the foil 
electrode. During measurement, the 
No. 14 wire was bent so as to provide a 
definite pressure between the saw-tooth 
contact and the foil electrode. The 
test methods employed by the various 
testing laboratories collaborating in these 
tests are as follows: 

Bell Telephone Laboeatoiues, Inc. 
Rapid Method Tests: 

B.T:L. 1)467113 mica Q test set. 

Q and Dielectric Constant Tests: 

B.T.L. precision tjpe capacitance and con- 
ductance bridge in conjunction with an oscil- 
lator and detector amplifier with a visual balance 
indicator (meter). 

Westeen Electric Cq, 

Rapid Method Tests: 

Boonton 130A mica Q test set, 

Q and Dielectric Constant Tests: 

Precision type capacitance and conductance 
bridge similar in design to that used by B.T.L. 

BmtEAij OF Ships 
Rapid Method Tests: 

Boonton 130A mica Q test set. 

Q and Dielectric Constant Tests: 

Boonton 160A Q meter (paraEel method). 


Signal Corps 
Rapid Method Tests: 

Boonton 130A mica Q test set. 

Q and Dielectric Constant Tests: 

Boonton 160A Q meter (parallel method). 

Ford Radio and Mica Gorp. 

Rapid Method Tests: 

Boonton 130A mica Q test set. 

Q and Dielectric Consta?it Tests: 

None made. 

Radio Corporation of America 
Rapid Method Tests: 

Boonton 130A mica Q test set. 

Q and Dielectric Constant Tests: 

Precision type capacitance and conductance 
bridge of modified Leeds and Northrup design 
in conjunction with oscillator, detector am- 
plifier, and earphones for obtaining balance. 

Mica Insulator Co. 

Rapid Method Tests: 

Boonton 130 mica <2 test set. 

Q and Dielectric Constant Tests: 

None made. 

The results of the above tests are re- 
corded in Table I, 

Discussion of Results 
Rapid Method Tests: 

The agreement among the various 
laboratories on the Q classification of the 
block mica samples by the rapid method 
was found to be quite close. Test re- 
sults on the 59 E-1 samples showed that 
four laboratories found them to be 100 
per cent within test set limits and the 
other three that the classification was 
98, 97, and 93 per cent correct. One 
sample was excluded from the E-1 
group as all participants reported it as 
E-2. In the final tests when the foil 
electrodes had been removed, this sample 
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proved to be E-2 indicating that it 
initially was inisciassified. The devia- 
tion from the mean test set value of any 
one E-1 sample was one scale division or 
less in the majority of cases and two 
divisions maximum in only a few in- 
stances. Only five E-2 samples were 
included in the test and four laboratories 
reported them 100 per cent within test- 
set limits, the three remaining labora- 
tories finding them 80 per cent within 
limits. However, since all of the latter 
three found that the nonconforming 
specimen met E-1 limits, the number of 
specimens actually meeting minimum 
E-2 test-set limits was 100 per cent. All 
participants found the five E-3 samples 
to be 100 per cent within test-set limits. 

This rather excellent agreement a- 
mong the various rapid method test sets 
is even more striking when one takes 
into consideration the fact that in the 
majority of cases it was the operators 
first experience with the test equipment 
when the round-robin samples were run. 
This emphasizes the simplicity and 
reliability of the test method. 

Q and Dielectric Constant Tests: 

The Q tests on the E-1 samples showed 
that agreement with Q limits for E-1 
block mica reported by the testing lab- 
oratories was over a range of 91 to, 96 
per cent correct. This included some 
borderline samples with Q values within 
15 per cent of the minimum Q limit of 
2500 for E-1 block mica. This is the 
estimated accuracy of a bridge measure- 
ment of a Q of this order of magnitude, 
at 1 megacycle. Considering the high 
order of Q being measured, the agree- 
ment among the five laboratories mak- 
ing tests on individual E-l specimens is 
considered quite good in the majority of 
cases and affords an opportunity to com- 
pare bridge and resonant circuit Q meter 
test methods. 

In a few cases the Q value of some E-1 


samples exceeded minimum limits even 
though they were within limits , by the 
rapid method test. Likewise, some 
rapid method E-2 samples were found to 
have Q values, that met E-1 Q limits by 
conventional test methods. 

Some studies were carried out in an 
effort to determine the reasons for such 
behavior. The effect of pressure was 
first investigated since in the rapid tests 
pressure is present which does not exist 
in the regular Q tests. The test elec- 
trodes were borrowed from the rapid 
method and connected to a bridge. The 
20-mmf. fixed-air capacitor built into 
the upper movable electrode of the test 
electrodes was shorted out so that the 
electrodes on either side of the sample 
merely served as contacts to the foil 
electrodes. Under a pressure normally 
applied, the Q values were found to be 
in close agreement with those obtained 
without pressure. Q measurements next 
were made under the same setup except 
that the sample was placed in series with 
the 20-mmf. fixed-air capacitor thereby 
simulating the rapid test method condi- 
tion. The Q values obtained in this 
manner on those E-2 samples that met 
E-1 Q limits were found to be lower and 
more nearly in line with the rapid method 
E-2 classification. Similarly, tests on 
E-3 samples also gave lower Q values 
than obtained by standard tests. Such 
effects seem to be peculiar to mica and 
were not found in such materials as hard 
rubber, phenol fiber, vinylite and alsifilm 
of equivalent thickness under simliar 
conditions of test. 

The five testing laboratories that made 
dielectric constant tests furnished capaci- 
tance values for E-1, E-2, and E-3 
samples. Dielectric constant values 
were calculated by Bell Telephone Lab- 
oratories using specimen thickness and 
foil electrode area values obtained by 
them. Very good agreement on any 
one specimen in the majority of cases is 
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evident from the test results. There was 
no significant difference in dielectric 
constant at 1 megacycle between the 
three electrical qualities of lots L(E-l), 
Q(E-2)j and R(E-3) mica all of which 
were green Canadian from the same 
mine. 

Conclusions 

Based on the test results obtained by 
seven testing laboratories on samples of 
block mica of 14 varieties of ruby and 
green types of muscovite from world- 
wide sources it is concluded that: 

L Very close and satisfactory agree- 
ment was found between all seven testing 
laboratories using the rapid, direct- 
reading test method in A.S.T.M. Specifi- 
cations D 748. 

2. The <2 calibration of the three Q 
ranges of the rapid, direct-reading test 
method as determined by Q tests by 
other methods of test in A.S.T.M. D 150 
is satisfactory for the purpose of electrical 
quality classification of mica used in 
capacitors. 

3. The dielectric constant at 1 mega- 
cycle of the wide variety of types and 


qualities of muscovite mica included in 
the group of test samples is quite uni- 
form. 

4. A greater dielectric loss of some 
samples of block mica is sometimes indi- 
cated by the series circuit of the rapid 
test method than is obtained by regular 
test methods. Such peculiar behavior 
seems to be characteristic of some mica 
and not observed in hard rubber, phenol 
fiber, vinylite, and alsifilm under identi- 
cal test conditions. In view of this, the 
rapid test method would appear to be 
somewhat more discriminating than nor- 
mal test methods, but not unduly so, as 
borne out by the high yield of E-1 mica 
from all visual qualities of mica from 
world- wide sources as shown by recently 
published data. Such discrimination, 
however, serves as an added factor of 
safety. 

5. Foil electrodes 0.0005 in. thick and 
2 in. in diameter in conjunction with 
petrolatum as an adhesive are suitable 
for measuring Q and dielectric constant 
of block mica approximately 0.020 in. 
thick by test methods specified in A.S.- 
T.M. Methods D 150* 


DISCUSSION 


Mr. S. B. Ashkenazy. ^--On the basis 
of the illustrations shown in this paper, 
we have seen that several different 
pieces of mica, looking alike, have 
actually different electrical char- 
acteristics, which is really the ultimate 
in the application of this particular 
material. In view of this, I should like 
to have Mr. Coutlee’s opinion as to just 
what is in the future in regard to the use 
of this test procedure. I understand 
there is some reluctance to supply mica 
under this test for electrical char- 
acteristics rather than visual standards, 
and not much is being purchased on 
this basis. 

Mr. Kenneth G. Coxjtlee {author's 
closure). ---TlciexQ has been some re- 
luctance indicated in the use of this 
method by some mica producers. The 
mica business has been carried on more 
or less on an expert opinion basis and 
before the war we were able to procure 
the type of mica required by having 
mica experts in the consumer companies 
and by usmg India ruby-type mica 
which had been found to possess uniform 
electrical quality and could be judged by 
visual standards such as set forth in 
A.S.T.M. Standard Methods of Test for, 
Grading and Classification of Natural 
Mica (D 351).^ Mica is a strategic 
mineral that was in critical short supply 
all during the war. In attempting to 
evaluate mica from new sources in the 
United States, Canada, South America 
and Central America by India standards 
it sometimes was difficult to do so, due 

1 Materials and Process Standards Supervisor, Sperry 
Gyroscope Co., Inc., Great Neck, N. Y. 

2 1944 Book of A.S.T.M. Standards, Part III, p. S04, 


to characteristic differences in color and 
appearance. In order to overcome the 
limitations of the wsual system, electri- 
cal test methods were developed to 
supplement them. We always have 
opposition to specifications, especially 
from producers who do not seem partic- 
ularly to like them. This is a new 
thing and the producers no doubt are a 
little bit afraid of it. They apparently 
are of the opinion that 100 per cent of 
the product must be tested, whereas 
we have found and shown by our tests 
that in the majority of cases this is not 
so. It is possible to sample a case of 
mica and come out with a fairly accurate 
estimate of how the mica grades up 
electrically. Fortunately, we found 
things generally better than we had 
expected: that is, mica is good electri- 
cally regardless of source. Even the 
third electrical quality- — which is about 
equivalent to so-called low-loss phenolics 
in dielectric loss — could be used to make 
a large portion of the less critical types 
of mica capacitors. However, we need 
a definite control, so that if we do require 
the very best electrical type, we can 
select and buy it on the electrical quality 
classification method. If you are buying 
India ruby- type mica using the visual 
system, the chances are you will come 
out with a good electrical product pro- 
vided you use the better visual qualities. 
This has been borne out by past ex- 
perience and verified by recent tests. 
However, in the case of green-type mica, 
which has not been acceptable for ca- 
pacitor use in the past, it now is possible 
to select and classify it electrically, 
1496 
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thereby greatly increasing the supply. 
Green-type mica may or may not grade 
up electrically as high as the ruby t3^e, 
but the electrical test methods permit 
one to select just as good an electrical 
quality as the best ruby. 

I am unable to predict how long the 
mica fabricators will adhere to their 
opinion with respect to the use of 
the electrial test in furnishing mica. I 
know Bell Telephone Laboratories, Inc. 
specifies A.S.T.M. Tentative Specifi- 
cations for Natural Block Mica and Mica 
Films Suitable for Use in Fixed Mica- 
Dielectric Capacitors (D 748),® which 
incorporates the electrical tests I have 
discussed, on apparatus drawings where 
applicable. On other drawings where 
visual quality is desired Methods D 35U 


> 1945 Supplement to Book of A.S.T.M. Standards, Part 

1II| p. 322« 


are specified. Subcommittee EX on 
Mica Products, of A.S.T.M. Committee 
D-9, has tried to correlate the visual and 
the electrical methods of classification 
based on the knowledge we have ob- 
tained in this study, and such informa- 
tion is contained in Tentative Specifi- 
cations D 748.^ This enables a mica 
producer to furnish the visual quality 
that probably will come closest to being 
satisfactory electrically. Of course, if 
he wants to be absolutely sure he is 
meeting this specification, he will spot 
check a pound or two or whatever 
quantity is necessary, depending upon 
the amount being supplied. One thing 
that is lacking in Tentative Specifi- 
cations (D 748)® at the moment is a 
sampling method, and we are planning to 
include one in the near future which we 
hope will overcome some of the present 
objections. 



DIELECTRIC STRENGTH MEASUREMENTS ON VARNISHED 

CAMBRIC* 

An Investigation oe Several Factors to Determine Their Eeeects on the Measured 
Dielectric Strength of Varnished Cambric Insulation 

By A. Rufolo^ AND H. K. Graves^ 


The determination of dielectric 
strength of an insulating material 
has always been complicated by the 
presence of several factors known to 
exert considerable influence on re- 
sults obtained. It has been ac- 
cepted practice to control these 
effects as much as possible by 
using standard procedures. Conse- 
quently, while standardization may 
be reasonably successful in establish- 
ing a basis for comparison among in- 
vestigators, the degree and range of 
effects produced by these factors 
may remain relatively unexplored. 
Using varnished cambric samples, 
the effects of three of these factors, 
namely, humidity, electrodes, and 
breakdown media, w^ere studied as 
an approach to the general problem. 

The samples obtained included 
four thicknesses of black varnished 
cambric cloth, both bias and 
straight-cut, representing five manu- 
facturers. Several samples of yel- 
low varnished cambric were also ob- 
tained. The range of the study was 
further restricted to include only 
those methods believed to be cur- 
rently specified or in use in the 


* Accepted for publication in A.S.T.M. Bulletin, 
No. 142, October, 1946; and for publication in the 
A,S.TM. Proceedings. Discussion of this paper is 
invited, either for publication or for the attention 
of the author. Address all communications to 
A.S.T.M. Headquarters, 1916 Race St., Phila- 
delphia 3, Pa. 

1 Materials Engineer, Material Laboratory, 
New York Naval Shipyard, Brooklyn, N. Y. 


various laboratories. The investi- 
gation was conducted with three 
t^^pes of electrodes, for two pre-test 
conditions and with breakdowns 
made in two media. 

Certain other considerations 
which prompted the use of this 
general procedure are worthy of 
discussion. The 2-in. diameter elec- 
trodes were selected as being the 
most satisfactory for dielectric 
strength tests on varnished cambric 
cloth since they cover a relatively 
large area of sample and permit a 
reasonably large radius of curvature 
at the edges to minimize voltage 
stress concentration. The J-in. 
diameter electrodes have been used 
for many years in the testing of 
varnished cambric and possess the 
advantage of being equally appli- 
cable to both cloth and narrow tapes, 
but they have the disadvantage of 
higher stress concentration at the 
edges. The J by 4-in. rectangular 
electrodes have also been standard 
for testing of other types of insulat- 
ing tapes, have stress concentration 
comparable to that of the |-in. 
electrodes and have the advantage 
of being applicable to both cloth and 
narrow tapes, but, unlike J-in. 
electrodes, have a much higher 
specimen coverage. A tabulation 
of electrode dimensions to outline 
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some of the variables involved might 
be set up as follows : 


Electrode siae, 
in.. .......... . 

M 

Mby 4 

2 

Shape 

Circular 

Rectangular 

Circular 

Area, sq. in 

0.049 

1.0 

3.14 

Perimeter, in.. . . 
Radius of curva- 
ture at edges, 

0.785 

8.8 

6.28 

in.... 

0.031 

o.psi 

0.25 


sity of conditioning and breaking 
down large specimens. 

Test Equipment 
A dial type micrometer, calibrated 
to 0.0001 in. with 2-in. diameter 
anvil and J-in. diameter presser foot 
under a 3-oz. dead weight, was used 
for all thickness measurements. 
Breakdowns above 3000 v. were 



Fig. 1. — The Three Types of Electrodes Used for the Investigation. 


The two conditioning humidities 
were chosen because they were 
readily attainable in any laboratory 
and represented extremes of low and 
high humidity without, however, ex- 
ceeding possible service conditions. 

Since there has been some con- 
troversy on the relation of dielectric 
breakdown measured in air to that 
measured with the sample immersed 
in transformer oil, comparative tests 
were run in the two media. How- 
ever, only the smaller size elec- 
trodes were used to avoid the neces- 


made on a 2-kva. transformer with a 
4-coil secondary and switching ar- 
ranged to give full-scale readings of 
7500, 15,000, or 30,000 v. Below 
3000 V. (nearly all the high humid- 
ity samples) breakdowns were made 
on a 3-kva. transformer with a single 
secondary winding. Voltmeters 
connected to tapped tertiary wind- 
ings were used on both transformers 
to indicate breakdown voltages. 
Voltage rise in each case was manu- 
ally controlled by means of vari- 
able auto-transformers. 
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■The three types of electrodes,, 
show in Fig. 1, may be briefly 
described as follows: 

(а) -0-tn. — Polished brass disks, 
2 in. in diameter and | in. tliick, 
having edges in contact with the 
sample rounded to a |4n. radius. 
Faces self-aligning with 1.5-lb- pres- 
sure on specimens. 

(б) I by 4-in , — Polished brass 
bars I in. wide, 4 in. long, and I 
in. thick, with ends rounded to a 
|-in. radius parallel to the sample 
and with edges of contact faces 
rounded to a ^in. radius. Faces 
self-aligning with 1-lb. pressure on 
specimens. 

(c) J-in. — Polished brass rods 
I in. in diameter having edges in 
contact with specimen rounded to a 
“-in. radius. Rigidly held in 
alignment with 1-lb. pressure on 
specimens. 

Standard sealed desiccators were 
used for conditioning of specimens. 
Anhydrous calcium chloride was 
used for the dry condition to pro- 
duce a relative humidity of less 
than 10 per cent, and saturated solu- 
tions of potassium sulfate were used 
to produce the 96 per cent relative 
humidity, A temperature of 25 C. 
was maintained for the entire condi- 
tioning period. 

Test Specimens 

Samples used for the test were 
taken from rolls stored for several 
weeks at 25 C. and 50 per cent rela- 
tive humidity. Materials were in 
nominal thicknesses of 5, 7, 10, and 
12 mils, bias and straight-cut, black 
and yellow. The specimens used 
with 2-in. electrodes were cut 3 in. 
square and those used with the J 
by 4 in. were cut into 1 by 7-in. 
rectangles. Specimens used with 


the f-in. electrodes were 6 in. 
square for tests in air and 1 by 7 in. 
for tests in oil 

Test Procedure 

All testing was carried on under 
controlled room conditions of 25 C. 
and 50 per cent relative humidity. 
Complete tests were 'made on one 
sample cloth before starting another 
and samiiles awaiting test wnre 
stored in the rolls at the above 
conditions. 

In starting a test on a sample, 
sufficient material was removed 
from the roll to provide the neces- 
sary specimens and twenty thickness 
measurements were made at widely 
distributed points on this piece prior 
to cutting specimens. The average 
of these twenty measurements was 
used in the calculation of dielectric 
strength. 

Specimens were spaced | in. 
apart on bent wire racks and placed 
in the conditioning desiccators. 
After completion of the 96-hr. 
conditioning period, specimens were 
removed from desiccators in groups 
of ten, stacked to minimize change 
in condition, and tested as rapidly 
as possible. Since dielectiic 
strength involves volume rather 
than surface characteristics and 
since there was no discernible pro- 
gressive change in values from the 
first to the last of the group of ten 
specimens, it was assumed that no 
significant gain or loss of moistiiiu 
occurred between the time the 
sample was removed from the desic- 
cator and the time it was tested. 

Rate of rise of voltage was manu- 
ally controlled at 500 v. per second 
with the aid of an electric stopclock 
connected in the transformer cir- 
cuit. Twenty-five individual break- 
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downs were made on each cloth for 
each type electrode after each 
..conditioning. 

iResxtlts of Investigation 

: 'The ■ results of test, in average 
volts per mil dielectric strength, 
for each of the 32 samples are pre- 
sented graphically in Figs. 2 and 3. 
For interpreting the sample code, 
numbers represent thickness, capital 
letters distinguish between manu- 
facturers, and the letters y and h 
indicate the color of the sample. 
Sub-numerals on Fig. 3 {l2Ahi and 
12 . 462 ) represent two materials from 
the same manufacturer and having 
the same nominal thickness and 
color. The sequence of bars repre- 
senting results obtained with differ- 
ent electrodes and media is indi- 
cated for group bBh of Fig. 3 and is 
consistent for subsequent groups of 
both charts. The bars represent 
average dielectric strength of dry 
specimens and the shaded portions 
represent dielectric strength of mois- 
ture-conditioned samples. Since 
twenty-five breakdowns were taken 
in each instance for a single arith- 
metic average, it is seen that the 
charts, Figs. 2 and 3, are a compila- 
tion of 6400 individual dielectric 
breakdowns. 

An examination of these charts 
showed certain effects to be con- 
sistent for the various samples. It 
is evident that bars representing re- 
sults with dry samples followed a 
definite pattern with electrode and 
media used. The pattern persists 
for the thicker moisture-conditioned 
samples but is somewhat disturbed 
for the thinner materials. 

The general trend toward lower 
dielectric strength with increased 
thickness is evident for dry samples, 


if 5-mil bias-cut samples are ex- 
cluded, while a reverse effect is also 
evident for moisture-conditioned 
samples. It is also noted that the 
yellow samples disturbed these 
trends by yielding generally lower re- 
sults, but this effect cannot be used 
as a criterion, since yellows had been 
supplied by only one manufacturer. 

Since it was not possible to obtain 
samples of the four desired thick- 
nesses and of both colors and cuts 
from all manufacturers, a consider- 
able unbalance of data resulted. 
Due to this unbalance, an indis- 
criminate comparison of all results 
would lead to erroneous conclusions- 
It would be misleading, for example, 
to compare averages of all bias-cut 
samples with all straight-cut samples 
when thicknesses, manufacturers, 
and colors were not equally repre- 
sented in the two groups; or to de- 
termine effect of thickness using all 
samples when representation of the 
four nominal thicknesses varied to 
so great a degree. Furthermore, an 
attempt was made to evaluate the 
interactions among factors to en- 
able a quantitative determination of 
effects attributable to specific 
factors. Therefore, in making each 
analysis, the results were arranged 
in balanced groups and these were 
then studied, using recognized sta- 
tistical procedures, to determine the 
effect of a particular factor. Such 
analyses were used in drawing the 
conclusions which follow. 


Dielectric strength after moisture 
conditioning in general was about 
75 per cent lower than the dry 
dielectric strength. This difference 
varied wnth thickness, moisture 
showing less effect (about 60 per 


Conclusions 
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Fig. 2. — Dielectric Strengths of 

The average dielectric strengths of dried specimens are represented by 
shaded sections. Twenty-five breakdowns were used to obtain each average. 


2'aCCTfKDOES IN OIL 

/ ELECTR. IN OIL 

r - ELECTRODES IN OIL 
^ j/'aECTRODES IN AIR 


_J 

2 



5Bb 5Cb 5Db 7Ab 7Bb 7Cb 7Db 


Fig. 3,— Dielectric Strengths 

The average dielectric strengths of dried specimens are represented by 
shaded sections. Twenty-five breakdowns were used to obtain each average. 
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total bar heights and those of high humidity conditioned specimens, by heights of 
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cent) on the thicker materials. 
When considering i2-niil black ma- 
terials only^ it was noted that the 
bias cut showed a greater effect of 
exposure to high humidity than the 
straight cut. There was consid- 
erable difference in the effect of 
humidity on samples from the vari- 
ous manufacturers. On 12-mil ma- 
terial, manufacturer B showed the 
least loss (about 34 per cent) while 
manufacturer A showed the great- 
est (about 78 per cent), indicating 
that variations among cuts and 
thicknesses of cloth would be con- 
siderably less than might be ex- 
pected among manufacturers. 

In comparing effect of electrodes 
and using the 2-in. electrodes as a 
reference base, the J by 4-in. gave 
approximately 5 per cent higher 
dielectric strengths and the f-in. 
showed results about 27 per cent 
higher. These variations w^'ere more 
accentuated on the bias than on the 
straight-cut materials. Increase of 
measured dielectric strength is of 
course to be expected with de- 
crease of electrode size. However, 
it appears from the above that 
changes in electrode size, as might 
be caused by ionization of surround- 
ing air, will produce considerable 
effect on measured dielectric 
strength with the J-in. diameter 
electrode, but little effect with the 
i by 4 in. In other words, a curve 
of dielectric breakdowm versus elec- 
trode diameter would be very steep 
at I in., but w^ould have flattened 
out considerably at 1| in. (approxi- 
mate circular equivalent of | 
by 4-in. electrode). It is believed, 
therefore, that results obtained 
with the larger electrodes would 
have more value. 

Dielectric breakdown measured 
in air appeared to be about 9 per 


cent lower .than when measured in 
oil. This conclusion is based only 
on results obtained with J-in. 
diameter electrodes. As might be 
expected, the difference varied with 
thickness of specimens, increasing as 
thickness increased. 

It should be noted that the scope 
of the investigation was sufficiently 
broad to permit studies of factors 
other than those discussed earlier. 
An analysis showed, for example, 
that in general the average dielectric 
breakdown of bias-cut cloths w^as 
about 25 per cent low^er than foi- 
st raight-cut materials. However, a 
further analysis of presented data 
was considered too digressive ibr 
this article. 

It was also recognized that the in- 
vestigation itself might have fol- 
low^ed more extensive lines. For 
example, it might have been possible 
to include round electrodes of several 
diameters but having the same con- 
tact edge curvature, so that the 
effect of electrode area could be 
studied. It is apparent that such 
a study w^ould have involved dry 
and high humidity conditioned sam- 
ples of several thicknesses, in air and 
in oil. Likewise, with electrode 
area held constant, an investiga- 
tion of the effect of contact edge 
curvature could have been included. 
To restrict the scope of the work to 
some practical limits, methods be- 
lieved to be commonly used were 
studied, as wrasmentionedpreviously. 

The authors favor the use of 2-in. 
diameter electrodes because they 
provide adequate sample coverage 
with reasonably large contact edge 
curvature, minimize alignment er- 
rors, and may be readily resurfaced. 
Furthermore, during breakdowns in 
air, ionization may cause an in- 
crease in what might be termed 
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^^effective electrode area^^ and, since 
this change is dependent on voltage, 
the net effect is analogous to larger 
electrodes at high breakdowns than 
at low breakdowns. It is evident 
that the smaller the electrode used, 
the greater the per cent change of 
^^effective electrode area” with volt- 
age. Where use of 2-in. electrodes 
is not possible, as in testing tapes, 
this investigation has indicated that 
the i by 4-in. electrodes may be 
substituted with little difference in 
results. However, substitution of 
oil for air hxedium, or vice versa, 
does not appear feasible, since re- 
sults are comparable only at low 
breakdown voltages, those in air 
tending to be much lower as break- 
down voltages increase. The two 
humidity conditions w^ere readily 
maintained and are considered suit- 


ably indicative of the effect of high 
humidity on varnished cambric. 
In this respect, the use of small 
chambers, such as glass desiccators, 
is preferred to large cabinets for 
maintaining condition and for han- 
dling groups of specimens. 

In concluding, the authors express 
the hope that this investigation has 
attained its objective in presenting 
a quantitative study of certain 
factors which commonly affect the 
determination of dielectric strength 
of varnished cambric cloth. 
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THE THEORETICAL BASIS OF ADHESION' 


By W. a. Weyl2 


Peoblems of Adhesion, in Glass 
Technology 

My being introduced to you as a glass 
technologist raises the question: What 
has glass technology in common with 
adhesives? There are quite a few cases 
where a research worker in the field of 
glass and one in the field of adhesives 
have a common interest in the funda- 
mental question: What causes two ma- 
terials to stick together? Before giving 
you more concrete examples for adhesion 
problems in the field of glass technology, 
let me tell you how I became interested 
in the basic phenomena of adhesion. 

Several years ago I studied the in- 
fluence which halogen ions, like bromine 
and iodine, exert on the color of metal- 
ion-containing glasses. For this purpose 
low-melting borates of alkali were mixed 
with various metal oxides; for instance, 
copper oxide and bismuth oxide, and the 
mixture was fused in a platinum crucible. 
The melt was then poured into a mold 
for further examination. As usual in 
these cases, the platinum crucible was 
covered with a layer of glass and had to 
be cleaned before the next experiment 
could be made. On repeating these 
experiments with the addition of a few 
per cent of potassium iodide to the glass 
batch, I was surprised to find that now 
the melt could be poured out to the last 
drop. The fused borates behaved like 
mercury in a glass container; they did 


not show the slightest sign of wetting. 
If a part of the melt was left in the 
platinum crucible on purpose, it solidi- 
fied to a glass which did not show ad- 
hesion to the metal, but came out in one 
piece. Such behavior was very unusual 
and invited further study (1).® In the 
course of these investigations, it was 
found that replacing the oxygen ions of a 
glass by other anions had a decisive 
influence on its adhesion properties. 
In some cases it decreased adhesion to 
the platinum, as mentioned before; in 
other cases where sulfur was substituted 
for oxygen of a phosphate glass, a strong 
increase of adhesion to steel was 
observed. The “affinity’’ of the anionic 
constituent of a glass to the metal seems 
to be a major factor in determining the 
adhesion. I use the word “affinity” 
to describe the cause of adhesion because 
I assume that it is fairly well established 
that the adhesion of two materials, even 
betw^een glue and porous w^ood, is 
primarily a chemical phenomenon. In 
some cases, no doubt, the gripping 
quality of the surface might favor the 
adhesion, but as a rule the mechanical 
contribution seems to be negligible. 

If we accept a chemical picture of 
adhesion, then we realize at once that 
understanding the problems of adhesion 
requires the knowledge of the nature 
of chemical forces in general, and in, 
addition to that, information about the 
surface of the materials to be combined. 


1 Presented at a meeting of Committee B-14 on Ad- 
hesives, held in Buffalo, N. Y., June 27, 1946. 

2 The Pennsylvania State College, State College, Pa. 


® The boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 1516, 
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It is the purpose of this paper to discuss 
these two factors and to select examples 
from my .special field. I do that, not 
only because glass technology is the 
field with which I am most familiar, but 
also because recently R. C. Rinker and 
G. M. Kline, (2), of the National Bureau 
of Standards made a very valuable 
contribution by their more general 
^'Survey of Adhesives and Adhesion” 
for the National Advisory Committee 
for Aeronautics. 

The field of glass technology offers 
a great number of examples in which 
adhesion of glasses to other material 
becomes an important factor. Perhaps 
best known is the combination of glass 
with organic high polymers, as used in 
the manufacture of safety glass and for 
a large number of fiber-glass products. 
There are also numerous examples, 
especially in the electric industry, in which 
glasses and metals have to be combmed at 
high temperature. The low-temperature 
adhesion of metals to glass is required in 
the manufacture of min*ors and for other 
types of decoration. During the war 
another field has been developed where 
glasses are coated by inorganic com- 
pounds, such as fluorides, oxides, and 
sulfides, in order to change the reflec- 
tivity of optical elements. All these 
different techniques have in common the 
problem of adhesion. Research workers 
in these branches are confronted with 
questions such as the following: Which 
organic high polymer has the best stick- 
ing quality to plate glass? Our Decora- 
tion Department has difficulties with 
the adhesion of gold on tableware, what 
can be done about it? 

The whole enamel industry is based on 
the adhesion of certain low-melting 
glasses to metals. The glass industry 
is also interested in the reverse side of 
the problem. The sticking of glass to 
the metal of molds has to be avoided. 
The same forces which are responsible 


for jewelry enamel sticking to gold or 
copper are also responsible for the solu- 
bility of these metals in glass melts. 
That brings a whole group of colored 
glasses, namely, copper ruby, silver 
stain and gold ruby, close to our 
problem. 

This short excursion into the field of 
glass technology will indicate why a 
glass technologist can become interested 
in the problem of adhesion. 

The Nature of Chemical Forces 
Surface Forces: 

The modern concept of the chemical 
forces acting among different atoms or 
molecules is based on the distribution of 
their electrical charges. In the first 
approximation, one can treat most 
chemical forces on the basis of electro- 
static attraction and repulsion. The 
intensity of the force is governed by the. 
elementary laws of electrostatics where 
charge and distance are the dominating 
factors. We must bear in mind, how- 
ever, that picturing an ion as a rigid 
sphere represents an over-simplification. 
Large ions, especially those with in- 
complete outer electronic shells, may 
easily change their shape and dimensions 
under the influence of the electric 
field of neighboring ions, so that they can 
no longer be treated as spheres. 

A substance like a soda-lime silicate 
glass, or a simpler compound, such as 
sodium chloride, consists of electrically 
charged cations and anions which are 
arranged in a way that each cation is 
surrounded by a certain number of 
anions, and each anion is surrounded by 
cations. The attraction between ions 
of opposite charge and the repulsion of 
ions having the same charge lead to a 
configuration which might either consist 
of self-repeating units (crystal structure) 
or of a random three-dimensional net- 
work (glass) . As far as the nature of the 



1508 


Weyi on Theosehcae Basis of Adhesion 


forces is concerned, there is ' no funda- 
■ mental difference between, crystals, 
glasses, andliquids. . 

It ' is important to realize that a 
crystal of sodium chloride does not 
consist of an accumulation of NaCl 
molecules, but, instead, of a three- 
dimensional network where each sodium 
ion is surrounded by precisely six chlorine 
ions, and each chlorine ion is surrounded 
by six sodium ions. The modern picture 
of the structure of solids has no use for 
the old-fashioned concept that the num- 
ber of valences of an element can be 
pictured by a corresponding number 
of hooks. Sodium, for instance, has 
only one valence, but in the structure of 
sodium chloride it divides its attraction 
force equally among its six neighboring 
chlorine ions. This difference between 
the old concept of valence and the 
modern approach is important for us 
because it will explain the forces emanat- 
ing from a glass or crystal surface. 
According to the old concept, the 
^‘chemical affinity^’ of a given number 
of chlorine atoms is completely satisfied 
if we add to it precisely the same number 
of sodium atoms. A compound of the 
formula NaCl is considered saturated 
because the two monovalent elements 
have combined in the ratio 1:1. 

The modern concept, however, leads 
to the conclusion that this does not 
hold true for the surface. Saturation of 
the electrical forces exists in the interior 
of the crystal, but in the surface layer 
some ions obviously cannot be com- 
pletely surrounded by their partners. 
This leads to a state of unsaturation. 
In order to keep the number of un- 
saturated ions at a minimum, the sub- 
stance exhibits a tendency to decrease 
its surface area (surface tension). 
Mercury, for instance, tries to assume a 
spherical shape because a sphere has the 
smallest surface area for a given volume. 
Finely subdivided crystals have a 


tendency to recrystallize, that is, to 
■ decrease their surface area by forming a 
smaller number of larger crystals. A 
liquid mixture has still another possi- 
bility of decreasing its surface energy. 
Those molecules which decrease the 
surface tension accumulate in the surface 
film. Capillary active substances, such 
as higher alcohols, fatty acids and 
organic amines, decrease the surface 
tension of water and, as a result, migrate 
into the surface layer. The same process 
takes place in glasses at elevated 
temperature. It causes the alkali ions 
with their one-fold positive charge to 
migrate into the surface, whereas the 
strong Si^ ions try to remain in positions 
where they still can be completely sur- 
rounded by the anions 0^™. 

Boric oxide-containing glasses exhibit 
a strange phenomenon. Upon the addi- 
tion of increasing amounts of boric 
oxide to an alkali silicate glass, all 
properties go through extreme values. 
Density and refractive index, for in- 
stance, show maxima. Thermal ex- 
pansion and electric conductivity show 
minima. This influence of boric oxide 
has been called the ^ ‘boric acid anomaly” 
by glass technologists. It is due to the 
fact that the can form two types 
of anions: (B04)^“’ and This 

change of coordination, or the transition 
from BO4 tetrahedra into BO3 triangles, 
accounts for the change in the properties. 
It is significant that all properties show 
this anomaly with the exception of the 
surface tension. The surface of these 
glasses never contains BO4 groups, but 
only BO3 triangles. 

There still exists another possibility 
for many solids to decrease the surface- 
free energy which is often neglected, 
but is very important for adhesion prob- 
lems. A substance may saturate its 
residual forces by adsorbing other 
molecules from the atmosphere. We 
rarely deal with: ‘‘clean” surfaces. 
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Most surfaces are contaminated. The 
atmosphere contains both' water and 
minor amounts of organic matter. We 
all know how difficult it is to clean a glass 
plate so that it is wet by water evenly 
and completely. But even if the surface 
of a glass is free from grease, it will still 
be different from the bulk of the glass. 
It contains OH groups from adsorbed 
water molecules which have reacted with 
the glass and caused hydrolysis. 

Liquids, crystals and glasses have 
surfaces which may differ considerably 
from that which we would expect from 
the known structure of the bulk of these 
substances. 

Some Types of Adhesion to Glass: 

A few examples of adhesion to a glass 
surface may illustrate the different 
types of chemical forces responsible for 
this phenomenon. 

Continuation of the Glass Structure with 
Other Building Units, — We can describe 
the forces acting on the surface of a glass 
or of a crystal as its endeavor to continue 
its structure. The recrystallization of 
finely precipitated barium sulfate in 
contact with its saturated solution, for 
instance, is due to the tendency of some 
crystals to grow at the expense of others. 
The same phenomenon occurs not only 
through a liquid, but also through the 
vapor phase if the substance has a 
noticeable vapor pressure. It can occur 
in solid phases if the diffusion speed 
of the units is sufficiently high. Re- 
crystallization is caused by the tendency 
of a surface to continue the crystal 
structure by means of adding the same 
building units. If the same building 
units are not available, the structure 
might be continued by other compatible 
units. The seeding of super-cooled solu- 
tions by an isomorphoiis substance and 
the oriented growth of potassium iodide 
on mica are typical examples. The 
influence of surface forces on the crystalli- 


zation from saturated solutions can be* 
so strong that it can produce a crystal 
lattice which is thermodynamically un- 
stable, only because its parameters fit 
better to the seeding surface than those 
of the crystal which one would expect 
from the equilibrium diagram. 

Continuation of the glass structure 
with other building units is responsible 
for the adhesion of crystals such as 
magnesium fluoride or calcium fluoride 
when these substances are brought onto 
the glass surface from the vapor phase. 
The structures of these crystals are 
compatible with that of the glass. They 
are built from similar ions and the salts 
are soluble in the glass melt. The prin- 
ciple of continuation of a structure with 
other compatible building units is re- 
sponsible for many adhesion phenomena. 

Chemical Reactions of the Glass Surface. 
— Building up the structure of a glass 
surface with compatible but different 
units can take place only under condi- 
tions (vacuum and elevated temperature) 
where the surface of the glass is clean. 
A glass surface does not remain like that 
very long when it is exposed to the 
atmosphere. It attracts water mole- 
cules and hydrolyzes. The surface, 
therefore, does not contain oxygen ions, 
but extends OH groups into space. 
These hydroxyl groups are responsible for 
the adhesion of glass to many organic 
compounds, such as dyestuffs, high 
polymers and animal glue. One must 
not think of these forces as secondary 
forces which are \veaker than those acting 
within the materials. Animal glue with 
its reactive carboxyl and amino groups 
can interlink with the hydroxyl groups 
and the alkali of the glass in a way that 
the shrinkage of the glue under the 
influence of heat tears out pieces of glass 
rather than break at the glue to glass 
interface. This phenomenon has been 
used commercially for many years to 
produce a t3q)e of frosted glass. This 



1510 


Weyl on Theoretical Basis oe Adhesion 


method of decorating glass is based on 
the fact that the forces acting between 
glass and glue are stronger than the 
cohesive forces acting within the glass. 

In order to learn more about the nature 
of adhesion, another modern technique 
is very instructive: namely, the reaction 
of a glass surface with organic silicones. 
Compounds of the type of dimethyl 
silicon chloride Cl2Si(CH3)2 are used 
commercially to make a glass surface 
water repellent by imparting to it the 
hydrophobic properties of hydrocarbons. 
This is accomplished by exposing the 
glass to the vapors of organic silicon 
chlorides at elevated temperature. The 
reaction can be describedd by the follow- 
ing: 


by the reactivity of the Si-O-Na groups. 
This brings up an interesting question: 
Why do we use water glass as an adhesive 
and not a solution of silicic acid or silica 
gel? Colloidal silica does not have the 
sticking quality of a water-glass solution. 
It ages because its free reactive hydroxyl 
groups react with themselves, thus 
increasing the molecular weight of the 
substance and decreasing its chemical 
reactivity. One of the requirements of 
a good adhesive is the presence of 
reactive groups under conditions which 
prevent these groups from reacting with 
themselves. The hydroxyl groups of 
a silica gel have a tendency to split off 
H2O and to form a permanent bond. 
This is less likely to happen if we use 
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The strong adhesion of “Dry Fihn’^ 
to glass or ceramic materials is due to a 
chemical reaction. Many cases of ad- 
hesion can be described by similar chemi- 
cal reactions. 

The structure of a glass surface is 
closely related to that of an important 
adhesive: water glass. Water glass is a 
highly polymerized silicate of sodium or 
po tassium which is used in aqueous solu- 
tions. Its adhesion properties are caused 


water glass which does not have free 
Si-OH, but Si-O-Na groups. Neverthe- 
less, these groups hydrolyze readily in 
contact with other materials, such as 
cellulose, and enter similar reactions as a 
glass surface. 

The phenomenon that active groups 
may react with themselves is perhaps the 
most serious limitation in the “construc- 
tion’’ of new adhesives based on chemical 
principles. For example, if we want to 
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increase the adhesion between a glass and 
a high polymer, the logical step would be 
the introduction of stronger polar and 
more active groups into the high 
polymer. Unfortunately, the presence 
of too many polar groups in a plastic 
would not only increase the forces be- 
tween the organic medium and the glass, 
but also would increase the forces be- 
tween the organic molecules themselves. 
The latter makes the high polymer 
stronger perhaps, but decreases the plas- 
ticity in such a way that it becomes 
brittle. 

The interaction and adhesion of mole- 
cules with OH groups is noticeable even 
in the liquid state. Water itself can be 
considered strongly associated. Re- 
cently water has been supercooled to a 
temperature of —72 C. where it forms 
(H20)6 (3). In order to understand 
completely the properties and the forces 
among these polymers, one does well 
to use a dynamic picture rather than the 
static one which we derived from chemi- 
cal bonds. The high viscosity of sugar 
syrup and glycerol is the result of a high 
degree of association due to the attrac- 
tion between OH groups. 

Adhesion Caused hy van der WaaVs 
Forces. — Up to this point we have treated 
adhesion as a formation of new chemical 
bonds. The continuation of the glass 
structure by other building units or the 
coating of glass with glue and “Dry 
Film’^ are typical chemical reactions 
which can be described by means of chem- 
ical equations. There are, however, a 
number of cases where truly chemical 
reactions must be excluded as a possible 
explanation for the adhesion. The 
forces between neutral atoms or mole- 
cules are often summarized under the 
name of van der WaaFs forces. We will 
now investigate the forces which result 
from a neutral atom or molecule ap- 
proaching the surface of a crystal or 
glass. , 

(a) Aitr action of a permanent dipole — 


Many molecules, even when neutral in 
themselves, exert electrical forces be- 
cause their electric charges are not sym- 
metrically distributed. Such.- a mole- 
cule is called “polar and its polarity is 
measured by its dipole moment. At 
high temperature, when the molecules of 
vapors or liquids rotate, one cannot ex- 
pect much interaction between them and 
the electric forces emanating from the 
surface ions of crystals and glasses. As 
long as the molecules rotate, positions 
leading to attraction and repulsion be- 
come equally probable. If thermal mo- 
tion decreases, rotation ceases and 
changes into oscillation about equi- 
librium positions. Now the molecules 
orient themselves with their positive 
parts toward the negatively-charged ions 
of the surface and attraction results. 
Adhesion of a molecule due to orienta- 
tion in the electric fields of the surface 
increases with decreasing temperature, 
increasing polarity and size of the mole- 
cule. Orientation and attraction of 
polar molecules are often the first steps 
to adhesion. The oriented molecules 
may later react chemically with the 
surface. 

{h) Attraction of an induced dipole . — 
P. Debye pointed out that not only 
rigid dipoles but also nonpolar mole- 
cules can be oriented and attracted by 
an electrically-charged particle, if they 
are sufficiently polarizable so that a 
dipole moment can be induced. Regard- 
less of the way the molecules are oriented, 
polarization always leads to attraction 
and never to repulsion. As a result, 
these forces are less subjected to the in- 
fluence of temperature and thermal vibra- 
tion. They, too, increase with increas- 
ing polarizability and increasing size of 
the molecule. 

{c) Attraction caused hy dispersion 
forces.— According to classical physics, 
there should be no attraction between 
two neutral atoms. Nevertheless, spec- 
troscopy reveals that short-lived com-' 
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pounds exist between atoms, such as 
cadmium and helium. We have little 
exact knowledge about the nature of 
these dispersion forces, but again the 
polarizability plays an important role. 
The dispersion forces are fundamentally 
different from those acting between per- 
manent or induced dipoles. They are 
strictly additive and depend only on the 
distance of the molecules and not on 
their mutual orientation or on the 
surroundings. 

Polarizaiion — a Major Factor in 
Adhesion , — In our concept regarding the 
attraction forces between neutral atoms 
or molecules, we have used polarizability 
and polarization as a major factor. For 
many years K. Fajans (4) and his stu- 
dents called attention to the fact that 
it is not permissible to interpret the 


TABLE I. 


Cation 


Interionic Distances for Various Halides, 
10’'® cm. 



F 

Cl 

Br 

I 

Ag+ 

2.58 

2.78 

2.89 

2.83 

Na+ 

2.32 

2.81 

2.98 

3.23 

Difference.... 

+0.26 

+0.03 

-0.09 

-0.40 


interaction between two ions on the basis 
that each ion has a definite size. The 
distance between silver ions or sodium 
ions respectively, and different halogen 
ions, offers a striking example. Com- 
paring the cation-anion distance which is 
available very accurately from X-ray 
diffraction of the sodium and silver 
halides, we find that sodium and silver 
ions have about the same size in the 
chlorides. Assuming that the halogen 
ions would have a constant size, wt must 
come to the conclusion that the silver 
ion is larger than the sodium ion in the 
fluorides. In the bromides, and even 
more so in the iodides, the silver ion 
seems to be much smaller than the so- 
dium ion (Table I). These and many 
similar facts prove that ions cannot be 
treated as rigid spheres. Especially 
large ions are easily deformed by their 


neighbors. The electron clouds sur- 
rounding the positive nuclei become 
asymmetrical and the attraction forces 
are increased. Small ions with high 
charges, especially those with incom- 
plete outer electronic shells, exert stronger 
deforming or polarizing influences than 
large monovalent ions of noble gas struc- 
ture. It is not possible here to discuss 
in detail the Fajans’ theory of the polari- 
zation of ions, but let me call your at- 
tention to his Baker Lecture (4), where 
the chemical forces are discussed on this 
basis. A few typical examples will serve 
to illustrate the usefulness of this con- 
cept for better understanding adhesion 
forces. 

Example I: Stability op Molecular Films 
OP Alkali Metals 

For neutral atoms of comparable electronic 
configurations the polarizability and, therefore, 
the adhesion increases with increasing size. 
This is brought out in the work of A. C. B. 
Lovell (5), who studied the stability of molecular 
films of alkali metals on glass surfaces in mcuo. 
The stability of these invisible films was deter- 
mined by the change of their electric con- 
ductivity with time. Films which consist only 
of a few atomic layers have a tendency to 
deteriorate rapidly through reciy'stallizatioB 
and thus to increase their electric resistance. 
Cesium films were found to be the most stable. 
The stability of the alkali metal films decreased 
in the following order: cesium, rubidium, 
potassium. This indicates that the adhesion of 
neutral alkali atoms is a function of their 
polarizability which increases with the size. 

Example II: Gilding and Silvering of a 
Glass Surface 

Glass tableware made from a soda-lime glass 
is not very suitable for gilding. The absence 
of polarizable ions is responsible for the failure 
of the gold film to stick to the glass surface. 
Experience has taught the decorator that good 
sticking can be achieved by ^‘mudding” the glass, 
that is by treating the parts to be gilded with a 
mud or slip made of clay, ocher and silver or 
copper compounds. This operation carried 
out below the softening point of the glass modi- 
fies its surface and introduces silver or copper 
ions which have nonnoble gas structures. Their 
presence promotes adhesion to the noble metal 
The same is' true foir the silvering process, where 
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either or Ti®“^ ions can be used to promote 
adhesion.. 

Adhesion of a silver mirror to soda-lime 
glasses is promoted by a previous treatment of 
the glass surface with tin compounds. Tin ions 
help to bridge over the incompatibility of silver 
and glass. Their effect is not restricted to 
soda-lime glasses, but* they accomplish the same 
adhesion between silver and plastics. 

Example III: Adhesion-Promoting Ions in 
Enamels 

Enamels are low-melting glasses of the boro- 
silicate type which are used as coatings for 
metals such as noble metals (jewelry), steel 
(kitchen utensils) or cast iron (bath tubs). 
Adhesion to the metal is due to one of the 
following reasons: 

(a) The presence of lead ions as a major 
constituent in the enamel. 

(d) The presence of a specific adhesion- 
promoting ion of the transition group: Ni++, 
Co+-f-, Fe^-+, Mn++. 

(c) The presence of a large polarizable ion: 
Sulfur. (Phosphate glasses have been made 
adherent to metal by the addition of sulfides.) 

Example IV: Solubility of Noble Metals 
■ in Glass 

For the manufacture of certain colored glasses 
such as silver yellow and gold or copper ruby, 
it is essential that the base glass exerts some 
solvent power upon the metal. As long as 
heavy lead glasses were used, no difficulties were 
encountered. Soda-lime glasses can be used, 
however, only if small quantities of tin oxide 
or bismuth oxide are introduced. Metallic 
gold is soluble only if ions of sufficient polariza- 
bility are present. Recently a glass melt of 
good solvent power for platinum was produced 
from noble gas ions only. This glass contained 
the large polarizable cesium ion as a major 
constituent. In this case the size of the cesium 
ion permitted the interpenetration of electrons 
essential for the solubility of metals. 

Solvation forces and adhesion forces are 
similar in nature, so that insight into adhesion 
problems may be gained from solubility studies. 
The same ions which promote adhesion between 
a glass surface and a metal were found to promote 
solubility of metals in glass. 

These few examples will serve to 
demonstrate the usefulness of Fajans^ 
theory on, the mutual polarization of 
ions for interpreting the nature of ad- 
hesive forces. The strange phenomenon 


which we described at the beginning of, 
this paper, namely, the lack of adhesion 
to platinum of certain borate melts with 
minor additions of iodide can be ex- 
plained on the same basis. The large 
' iodide ions are strongly deformed by 
cations such as Pb"^, and T1+ 

much more so than the oxygen ions 
whose places they occupy. This de- 
formation leads to strong asymetrical 
forces between the anion and the cation. 
The residual forces emanating from the 
anion are consequently only weak. As 
a result, the molecules of Pbl 2 , Til or 
Bilg are pushed to the glass metal inter- 
face where they weaken the adhesive 
forces between the glass melt and the 
platinum metal of the container wall. 
Failure to wet the wall and lack of ad- 
hesion are the results. 

We might mention here that quite 
frequently the glass technologist has to 
be interested in the problem of avoiding 
adhesion. All commercial glasses have 
oxygen ions as the anions. Oxygen has 
a strong affinity for all metals. Even 
platinum is wet by glass through the 
strongly adhering layer of oxygen. B. S. 
Ellefson and N. W. Taylor (6) demon- 
strated that in vacuo or in nitrogen where 
the oxygen layer on the platinum is ab- 
sent, a silicate glass does not wet the 
metal. 

If the glass technologist wants to pre- 
vent sticking of the hot glass to the 
metal of molds or machine parts, he 
lubricates the molds with graphite or 
carbonaceous materials. Under these 
conditions the oxygen of the glass cannot 
adhere to the mold by means of oxide 
formation. The reaction product, car- 
bon monoxide, is a gas. 

Methods of Studying Surface Forces 

We have learned that a surface 
emanates specific forces which can be 
greatly modified by adsorption of water 
and organic matter from the atmosphere. 
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In some cases the change of the surface 
through adsorbed molecules favors ad- 
hesion; in others, it brings about the 
reverse effect* This raises the question 
of how to learn more about the surface 
forces and how to analyze and estimate 
them. It is obvious that there is no 
best method to accomplish this aim but, 
depending on the nature of the sub- 
stances which we want to join, different 
specific methods have to be chosen. 

Wetting and Contact Angle: 

For more than one hundred years one 
has known that the shape of a drop of a 
liquid placed on the smooth surface of a 
solid is related to the forces acting be- 
tween the three adjacent phases: solid, 
liquid, and gas. Contact angle measure- 
ments have been widely used to learn 
more about these forces and many ex- 
periments met with considerable prac- 
tical success. 

We mentioned previously the work of 
Ellefson and Taylor (6) who measured 
by means of the sessile drop method the 
adhesion between glasses and metals as 
a function of the temperature and at- 
mosphere. C, M. Lampman (7) used 
the contact angle to judge the wetting 
ability of various ceramic bodies by 
glazes. 

In our laboratory H. H. Kellogg de- 
veloped a method for studying the nature 
of glass surfaces which were in contact 
with aqueous solutions of different salts. 
We know from experience that certain 
ions, such as Al^, are very strongly ad- 
sorbed at a glass surface and that the 
chemical properties of such a surface will 
then be modified. 

For studying these adsorption phe- 
nomena, lauryl trimethyl amine bromide 
.was used as an indicator. Traces of 
this organic compound when adsorbed 
at the surface will make the glass water- 
repellent. Competition between the or- 
ganic amine and other ions present in 


the same solution permits us to judge 
the affinity of various ions to the glass 
surface. The degree of adsorption of 
the lauryl trimethyl ammonium ion is 
measured by the degree of water re- 
pellency. The latter was measured by 
observing the contact angle of an air 
bubble pressed against the glass which 
was immersed in a solution containing 
both the indicator and the ion under ex- 
amination. This method has been 
developed by Taggart (8) for studying 
the mechanism of mineral flotation. 
The contact angle method can be modi- 
fied in several directions and will no 
doubt remain a very useful tool for 
studying surface forces. 

In an entirely different form we can 
use the contact angle to judge the affinity 
of a surface to a liquid. We are familiar 
with the condensation of water vapor 
upon surfaces of glass or metals. The 
uniformity of the dew deposited from 
the breath is coirimonly used for judging 
the cleanliness of a glass surface. The 
breath figures are indicative of the com- 
petition between the molecular film of 
grease on a glass surface and the water 
which tends to wet completely the sur- 
face. The observations and discussions 
on this subject made by Lord Rayleigh 
(9) may stimulate further thoughts and 
research in this direction. The optical 
effects of these little droplets can be 
measured by their characteristic scatter- 
ing. The solid need not necessarily be 
glass, but metals could be used, and the 
scattering of the reflected light be meas- 
ured. Instead of water vapor, the vapor 
of various organic compounds could be 
condensed and in this way the ^ ^breath 
figure^^ method could be adapted to 
various needs. 

Friction Between Solids: 

Another possible method for studying 
the replacement of one molecular species 
by another is given by the use of ^ Static 
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friction” as an indicator. The origin of 
some of the best work on adhesion and 
on spreading of fluids on glass surfaces 
can be traced to some thoughts which 
Lord Rayleigh had on the slipping of a 
cup of tea about its saucer. Probably 
everybody has noticed that slipping can 
be prevented if the parts in contact are 
wetted with a drop of tea. This para- 
doxical behavior of the porcelain, that 
lubricating the solid phases by wetting 
with water increased friction, led to a 
thorough examination of friction between 
glass surfaces. W. B, Hardy and J. K. 
Hardy (10) measured the force required 
to move a loaded watch glass over a 
polished glass surface. No matter 
whether they used optically polished 
glass or plate glass, the force was rela- 
tively great if the surfaces were thor- 
oughly cleaned. The clean surfaces 
could not slide over one another. Under 
the slightest pressure they seize and 
grow together. Pulling the watch glass 
over the surface produces a sequence of 
fractures as can be seen under a high 
power microscope. The track of the 
loaded watch glass is about SOfx wide and 
consists of fractured glass. A molecular 
film of oil prevents seizing and decreases 
friction. Water is not as effective, but 
it adheres more strongly to a clean glass 
surface. Based on these experiments, a 
simple explanation could be given for the 
teacup experiment. The sliding is 
caused by a film of grease which adheres 
to the surface of cup and saucer. 
Wetting with water replaces the lubri- 
cant and friction increases. 

Surface Diffusion of Gold: 

Sometimes it becomes necessary to 
work out very specific methods for judg- 
ing the adhesion forces existing between 
two materials. As an example, I will 
mention a method which we developed 
in our laboratory for the specific purpose 
of learning more about the forces acting 


between noble metals and glasses or ionic 
crystals. This method is based upon 
the aggregation of noble metal atoms 
which can be easily followed by the 
change in light absorption and fluores- 
cence, The first step consists of the 
adsorption of gold or silver ions on the 
surface to be studied. The second step, 
either thermal dissociation or reduction 
by hydrogen gas, changes the ions into 
neutral atoms. The atomic subdivision 
of both metals is colorless, but in the 
case of silver may produce a white 
fluorescence on exposure to ultraviolet 
radiation. The atomic subdivision of a 
metal is not stable. The atoms try to 
aggregate and to form stable crystals. 
This is accomplished by surface diffusion 
and collisions. Surface diffusion is de- 
layed by strong forces acting between the 
atoms and the surface of the carrier. 
The stronger the forces, the higher will 
be the temperature required to bring 
about aggregation of the metal atoms. 
The final step in this process consists of 
heating the substance covered with metal 
atoms for a certain length of time to vari- 
ous temperatures. The progress of the 
aggregation can be followed by means 
of the colors produced. Gold crystals of 
colloidal size appear pink. On further 
growth they change to purple and, 
finally, if the crystals are large in size 
but small in number, the color begins to 
fade. Silver atoms lose their fluores- 
cence and develop yellow to brown silver 
crystals. 

Experiments with this surface-diffu- 
sion method brought out the fact that 
noble gas ions exert only weak forces 
upon the gold atoms. Nonnoble gas 
ions, due to their greater polarizability, 
prevent aggregation, indicating that the 
adhesion forces become of the same order 
of magnitude as the cohesive forces in 
the gold crystal. 

Summary and Conclusions 

Adhesion is a complex phenomenon 
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and should not be attributed to one par- 
ticular cause. In most cases the con- 
tribution of a purely mechanical gripping 
quality of the surfaces is negligible, and 
adhesion results from chemical forces. 
For many adhesion processes the mecha- 
nism of bond formation could be de- 
scribed by means of chemical equations. 

The van der WaaFs forces which are 
small for most molecules can reach the 
strength of chemical bonds if we deal 
with large, and especially with asymetri- 
cal, molecules. 

Understanding adhesion phenomena 
requires knowledge of the nature of the 
surfaces which have to be joined and of 
the nature of the chemical or electrical 
forces acting between the two phases. 

As far as the surface is concerned, one 
has to realize that its structure can be 
very different from that of the bulk of 
the substance. The reasons for struc- 
tural changes in the surface are the 
migration of capillary active molecules 
into the surface layer and adsorption of 
water and organic matter from the 
atmosphere. 


As far as the forces are concerned, one 
has to consider the difference between an 
ion in the interior of a crystal or liquid, 
where it is more or less symmetrically 
surrounded by its partners, and the 
asymetrical forces acting in the adhering 
layer. Under the influence of a one- 
sided attraction and repulsion, the ions 
will be more strongly deformed or 
polarized than in the crystal. The 
polarization forces become a major fac- 
tor in adhesion. Several examples are 
given which show the importance of the 
polarization of ions and atoms for the 
solubility of metals in glass and their 
adhesion to glasses and crystals. The 
outstanding role played by the large and 
easily deformable anions, such as sulfide, 
and of the strongly polarizing cations of 
nonnoble gas character, finds its explana- 
tion on the basis of Fajans^ theory. 

A few general and one specific method 
for studying the forces acting between 
surfaces and vapors, liquids and solids 
are discussed. There are methods which 
can be adapted to specific problems in 
research on adhesives. 


References 


(1) W. A. Weyl, ‘‘The Replacement of Oxygen 
in Glass and its Effect on Adherence,” 
The Glass Industry, Vol. 23, p. 135 (1942); 
VoL 26, p. 557 (1945). 

(2) R. C. Rinker and G. M. Kline, “A General 
Theory of Adhesion,” Symposium on Ad- 
hesives, p. 12, Am. Soc. Testing Mats. 
(1945). (Symposium issued as separate 
publication.) 

(3) F. C. Frank, “Molecular Structure of 
Deeply Super-Cooled Water,” Nature, Vol. 
157, p. 267 (1946). 

(4) K. Fajans, “Chemical Forces and Optical 
Properties of Substances,” McGraw-Hill 
Book Co,, New York, N. Y. (1931). 

(5) A. C. B. Lovell, “The Electrical Conduc- 
tivity of Thin Films of Alkali Metals 
Spontaneously Deposited on Glass Sur- 
faces,” Proceedings, Physical Soc. London, 
Vol. 49, p. 89 (1937). 


(6) B. S. Ellefson and N. W. Taylor, “Surface 
Properties of Fused Salts and Glasses: 1 
Sessile-drop Method for Determining Sur- 
face Tension and Density of Viscous 
Liquids at High Temperatures,” Journal, 
Am. Ceramic Soc., Vol. 21, p. 193 (1938). 

(7) C. M. Lampman, “The Effect of Different 
Bodies on Some Wetting and Flow Charac- 
teristics of Glazes,” Journal, Am. Ceramic 
Soc., Vol 21, p. 252 (1938). 

(8) A. F. Taggart, “Mineral Flotation,” 
Journal Phys. Chem., Vol. 36, p. 130 (1932). 

(9) Lord Rayleigh, “Breath Figures,” Nature, 
Vol. 86, p. 416 (1911). 

(10) W. B. Hardy and J. K. Hardy, “Note on 
Static Friction and on the Lubricating 
Properties of Certain Chemical Sub- 
stances,” Philosophical Mag,, Vol. 38, p. 
32 (1919). 


DISCUSSION 


Mr. a. J. Warner.i— It jg 
that polyethylene wets metals with great 
difficulty and it has been particularly 
difficult to get any adhesion between 
polyethylene and the copper wire nor- 
mally used as the conductor in high- 
frequency cables. It has been observed, 
howevetj that if the copper is oxidized so 
that a substantial oxide film is present, 
then polyethylene will adhere and give a 
relatively strong bond. Perhaps Mr. 
Weyl may care to comment on this. 

Mr. Weyl {author ), — The first step 
in the oxidation of metallic copper leads 
to the cuprous oxide CU2O. This com- 
pound has lattice parameters which do 
not differ much from those of the metal. 
As a result, the structure of the metal 
is continued in the OKide layer, and one 
can expect strong adhesion between both 
phases. The fact that polyethylene ad- 
lieres strongly at the oxide might be 
attributed to the formation of a chemical 
compound. Cuprous salts are known 
to form complexes with ethylene. 
W. Manchot, for example, isolated a 
compound between cuprous chloride and 
ethylene. From this point of view it 
would be interesting to examine the ad- 
hesion between polyethylene and 
metallic copper which had been exposed 
to halogen vapor instead of oxygen. 

Mr. R. E. Parkinson.^— "Would Mr. 
Weyl explain the sticking of metal to 
glass at high temperatures, such as oc- 
curs in an overheated glass mold? This 
sticking takes place at approximately the 
same temperature for different alloys and 

1 Director of Research and Development, Federal 
Telephone and Radio Corp., Newark, N. J, 

2 Coordinator of Technical Information, Owens- 
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is different from the phenomenon of ad 
hesion where high temperatures cause a 
weakening of the adhesive bond. Is 
there any way to suppress this tendency 
to stick? 

Mr. Weyl. — ^All metals, ■ even plati- 
num, are covered with an oxide layer. 
At a high temperature this oxide reacts 
with the glass, because all oxides are 
soluble in glasses to some extent. The 
mechanism of the undesirable quality of 
a metal mold to stick to the glass is the 
same as that which produces the glass-to- 
me tal seal in the manufacture of light 
bulbs or radio tubes. 

It is very difficult to avoid the sticking 
of glass to molds, because materials 
which do not combine chemically with 
the oxygen ions of the glass . are rare. 
Even gold and platinum have sufficient 
chemical affinity to adhere to glass at 
high temperature. In a paper (l) where 
I discussed this problem, I recommended 
carburizing or nitriding as a possible 
means of decreasing adhesion. The 
most common solution of this problem in 
the glass industry is the use of carbonace- 
ous materials, wood, graphite, or tar for 
‘lubricating’’ the mold. These com- 
pounds, too, react with the surface of fhe 
glass, but the reaction product is a gas 
(CO, CO2) and cannot form a bond. 

Mr." C. j. Frosch.^ — Mr. Weyl stated 
that the electrical surface leakage (in- 
sulation resistance) of glass under condi- 
tions of high humidity is greatly im- 
proved if it is treated with dimethyl 
silicone dichloride followed by a wash in 
distilled water. I should like to ask two 

9 Bell Telephone Laboratories. Murray Hill, N. |. 
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questions relative to the use of such a 
treatment in the fabrication of glass 
cloth laminates which are known to be 
very poor electrically under conditions of 
high humidity: 

1. Is there any explanation for the 
failure of this treatment to give an ap- 
preciable and permanent improvement 
in the desirable properties of glass cloth 
laminates such as insulation resistance 
and bonding strength under conditions 
of high humidity or water immersion? 

2 . Would such a treatment be ex- 
pected to give a permanent electrical 
improvement or a temporary one which 
would disappear in time in the presence 
of high humidities of free water? 

Me. Weyl. — The exposure of a glass 
surface to water leads to a chemical re- 
action which is not limited to the sur- 
face. Depending on time and tempera- 
ture of the exposure, water in the form 
of and OH“" diffuses into the glass. 
The ‘‘hydrogen glass” conducts the elec- 
tricity and is responsible for a good part 
of the surface conductivity. Coating 
such a glass with dimethyl silicone 
chloride makes the surface water re- 
pellent, but conductivity through the 
“hydrogen glass” still persists. 

I have no experience with the electric 
properties of glass cloth, but it seems 
reasonable to expect from its manu- 
facturing process that it contains a con- 
siderable amount of “hydrogen glass” 
which cannot be completely removed 
before coating. 

Mr. C. B. HEMMiNG.^—Would Mr. 
Weyl predict that heat-cleaning of metal 
in place of customary degreasing and 
aqueous baths would be satisfactory in 
producing metal-to-plastic or metal-to- 
tnetal bonds of high strength using the 
new high polymer type adhesives? 

Mr. Weyl.— It certainly would be 
worth-while to investigate the behavior 

^ Chief Chemist, United States Plywood Corp., New 
Rochelle, N.y. 


of metal surfaces which have been de- 
greased by heat-treating. The process 
might, however, produce an oxide layer 
which is too thick and scales off. In 
the enamel industry, good adhesion is 
obtained only if the scale is removed by 
a pickling bath. Heavy metal parts can 
be sand-blasted. 

Mr. H. a. Eysenbach.®— Is it possi- 
ble that the study of adliesion from the 
approach outlined in this paper would 
contribute to a solution of the problem 
which is as follows: 

In preparing insulating bushings for 
the entrance of test leads into a humidity 
chamber (particularly at saturation), it 
has been found that adsorbed moisture 
on the ceramic bushings causes trouble- 
some leakage on the surface of the bush- 
ing. In order to overcome this, 
materials like quartz have been treated 
with certain silicones to produce surfaces 
which will not support a continuous 
moisture film. This treatment has been 
only partially successful, however, be- 
cause in many instances the treated 
material shows low insulation resistance 
at the interface between the surface 
coating and the base material. This has 
been interpreted as evidence of porosity 
in the surface treatment. 

Mr. Weyl. — The phenomenon you 
describe is not necessarily an indication 
of porosity of the insulator. All sili- 
cates, even quartz, react chemically with 
water to a certain extent. As pointed 
out in my answer to Mr. Frosch, this re- 
action leads to H+ and OH"" ions which 
produce a certain electric conductivity 
underneath the water-repellent layer. 

Mb. E. B. Cooper.®— M r. Weyl stated 
that adhesion due to , van der Waaks 
forces becomes greatly weakened at tem- 
peratures above the point at which rota- 
tion of molecular segments begins to 

® Engineer, James G. Biddle Co., Philadelphia, Pa. 

® Physicist, Chemical Division Laboratory, E. I. du 
Pont de Nemours and Co., Inc., Plastics Department, 
Arlington, N. J. 
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take place. Has this loss in adhesion 
been correlated with other phenomena 
which are associated with the tempera- 
ture at which molecular rotation is 
thought to occuiy commonly designated 
as the second order transition tem- 
perature? 

Mr. Weyl. — I am inclined to think of 
the van der WaaFs forces as only the 
first steps in the formation of a bond. 
Once the molecules have been attracted 
they exert an orienting influence upon 
each other and some bond will result 
which is stronger than the van der WaaFs 
attraction. One cannot expect that the 
molecules which are located at an inter- 
face between two media begin to rotate 
at the same temperature as those in the 
interior of one of the two phases. 

Mr. Henry Grinsfelder.’^ — Mr. 
Weyl has stated that the adhesive forces 
due to dipole moments are greater at 
room temperature than at elevated tem- 
peratures, explaining this by indicating 
that the rate of rotation of the dipole is 
slower at the lower temperature and 
hence the adhesive forces are greater. 
Why is it then that most adhesives give 
weaker bonds at temperatures below 
room temperature, even when the cure 
is conducted at room temperature? 


’ The Resinous Products and Chemical Co., Phila- 
delphia, Pa. 


Mr. Weyl. — It is not possible to give 
a general explanation to this very inter- 
esting ^ phenomenon. ' Theoretically the 
mechanical strength of matter . should 
decrease with increasing temperature. 
However, for many substances— 'glasses 
and some metals — the tensile strength 
goes through a maximum value. I made 
an attempt to explain this phenomenon 
especially for glasses.^ The apparent 
weakening of many substances with de- 
creasing temperature is due to their loss 
of plasticity. A certain plasticity en- 
ables a material under load to dissipate 
the most dangerous stresses. 

Mr. G. M. Rapp.® — With reference to 
the phenomenon involved in the crack- 
ling of glass by glue, how can the rela- 
tively weak organic glues, having tensile 
strengths probably on the order of 5000 
psi. or less, cause stresses that will pro- 
duce the typical surface chipping char- 
acteristic of the process when glass itself 
has a much higher tensile strength, per- 
haps on the order of 7000 to 10,000 psi. 

Mr. Weyl. — For explaining the action 
of glue on a glass, one must consider the 
distribution of the forces. A thick layer 
of the glue might produce stresses which 
are located only in a very thin layer of 
the glass. 

8W. A. Weyl, “The Mechanical Strength of Glass, 
T/m: G/ass Vo!. 27, p. 17 (1946). 

9 John B. Pierce Foundation of Connecticut, New 
Haven, Conn. 



METHODS FOR DETERMINING THE SPECIFIC GRAVITY OF WOOD 

AND WOOD-BASE MATERIALS* 

By L. J. Markwardt^ and Benson H. Paul^ 

Synopsis 

Because of the relation of density to the strength properties of wood and 
wood-base materials, its evaluation in some terms, such as specific gravity, 
is an essential requirement for many purposes. 

The Standard Methods of Testing Small Clear Specimens of Timber (D 143 - 
27)2 and the Tentative Methods of Testing Pl 3 rwood, Veneer and Other Wood 
and Wood-Base Materials (D 805 - 45 T)^ present methods for determining 
the specific gravity of wood and wood-base materials for specimens of standard 
form and size in connection with the determination of strength properties but 
do not cover methods such as are essential for very large or very small and 
odd-shaped specimens, or procedures applicable to veneer. This paper 
presents a summary of the various methods and laboratory techniques that are 
applicable to all classes of wood and wood-base materials, including measure- 
ment, and immersion techniques (both water and mercury), new rapid approxi- 
mate methods of estimating specific gravity, and a description of apparatus 
to facilitate evaluation. 

The advantages and disadvantages of the several procedures, together 
with supporting data on accuracy, are presented. 


Purpose op Investigation specimens of a species (random selection) 

One of the characteristics of wood is is such that the probable variation is 
the variation in density (and other prop- about 8 per cent, based on the mean, 
erties) among species and within a species Since the specific gravity of wood sub- 
that results from heredity and growth stance is practically constant for all 
conditions. Species of wood differ about species (1.53), it is obvious that differ- 
10 to 1 in average density from the ences in density result from variations in 
heaviest, such as lignum-'vUae, to the structure, that is, in the amount of air 
lightest, such as balsa. Individual sped- spaces present, as evidenced by the rela- 
mens of a given species may vary as much tive thickness of cell walls, and the 
as about 3 to 1 in density (based on oven- relative size and number of vessels and 
dry weight), including both the variation pores 

among different trees, and variations in These variations in the density of wood 
specimens from different parts of the provide, on the credit side, material with 
same tree. The frequency distribution a range in properties having particular 
for the specific gravity of individual adaptation to many special uses. Be- 

■ • Presented at the Forty-ninth Annual Meeting of the of the relation of the density of 

Sociew, jwne 2^28, 1946 . _ ^ dry wood to its Other properties, density 

1 Assistant Director and Silviculturist, respectively, ' ■ 

Forest Products Laboratory, Madison, Wis. - --.l.- 

2 1944 Book of A.S.T.M. Standards, Part II, p. 730. 

31945 Supplement to Book of A.S.T.M. Standards, -*The boldface numbers in parentheses refer to the 
* art 11, p. 155. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ references appended to this paper, see p. 1539. 

^'■M520 


On Determining Specific Gravity of Wood 


1521 


has long been recognized as one of the 
important properties requiring evalua- 
tion. Such determinations are made not 
only to afford correlation with other 
properties, but also as a simple and con- 
venient means of selecting wood of 
desired qualities for special uses.- 

It is the purpose of this paper to 
analyze broadly the problem of making 
specific gravity determinations on wood 
and wood-base materials, to review such 
A.S.T.M. methods as have been adopted 
(D 143 - 2*7,2 D 193 „ 27^5 d 395 „ 
45 T^), to present data and suggestions 
regarding new techniques and develop- 
ments, and to present a check list of 
appropriate methods that may be used 
for samples of any given shape, size, or 
moisture condition. 

Definition of Specific Gravity 

Specific gravity is the ratio of the 
weight of any volume of a substance to 
the weight of an equal .volume of some 
substance taken as a standard, usually 
water. On the basis of water, the spe- 
cific gravity of wood may range from a 
fractional part to more than unity. For 
example, the average specific gravity of 
white oak {Qmrcus alba) is 0.71 (based on 
weight and volume when oven-dry) and 
that of mangrove {Rhkophora mangle) 
is 1.06. 

Factors Involved 

The evaluation of specific gravity, as 
evidenced by the definition given above, 
necessitates determining both the weight 
and volume of the specimen and relating 
these data to the weight of an equal 
volume of water. This relatively simple 
basic procedure, however, encounters 
a number of complications due to the 
properties of wood. Wood being hygro- 
scopic, contains moisture in varying de- 
grees which must be considered in con- 

5 Standard Methods of Static Tests of Timbers in 
Structural Sizses, 1944 Book, of A.S.T.M. Standards, Part 
II, p. 761. 


nection with the determination of weight; 
dry wood when placed in water may 
quickly absorb moisture; the volume is 
not constant, but changes because wood 
shrinks and swells with changes in mois- 
ture content below the fiber-saturation 
point; the porous structure, with large 
vessels open to the surface in some spe- 
cies, places limitations on methods used; 
and structure and surface conditions 
sometimes necessitate special considera- 
tion in determining volume. An under- 
standing of these factors and their effect 
on specific gravity is essential to the es- 
tablishment of techniques and methods. 

The principal factors that must be 
considered in determining density are 
(a) moisture content, {b) volume changes, 
(c) porous structure, (d) volume measure- 
ment methods, especially for thin mate- 
rials, and (e) sampling. 

Moisture Content: 

Wood has a porous structure. In the 
living tree the cell cavities, intercellular 
spaces, and cell walls contain moisture 
in varying degrees, the average moisture 
content ranging from 30 to over 200 per 
cent (based on the oven-dry weight of the 
wood). It varies among species, in 
heartwood and sapwood, and in different 
parts of the tree. Most of this moisture 
must be driven off in drying wood to 
make it suitable for the vast majority 
of uses, yet being hygroscopic, wood 
used even dry contains some moisture. 
Wood, if left in an atmosphere at a uni- 
form temperature and relative humidity, 
will ultimately come to an approximate 
equilibrium in weight. It is funda- 
mentally important and significant that 
the amount of moisture retained at any set 
of equilibrium conditions is propcrtional to 
the dry weight of the specimen, regardless 
of its density and generally regardless of 
the species. For this reason, and because 
of other correlated relationships, the mois-- 
ture content of wood is most generally 
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expressed as a percentage of the oven-dry 
weighty end mi as a percentage of the total 
weight. 

It follows from these facts that the 
most generally useful and simplest weight 
basis for expressing the specific gravity of 
wood and wood-base materials is that of 
the oven-dry wood. Knowing the density 
based on weight when oven-dry, the 
weight when moisture is present in any 
degree can, of course, be readily 
computed. 

It has been shown that, in the living 
tree, moisture is present in the cell cavi- 
ties, the intercellular spaces, and the cell 
walls. In normal drying the first mois- 
ture lost is that from intercellular spaces 
and cell cavities. Not until this “free'^ 
moisture has been evaporated does the 
moisture leave the cell walls. The con- 
dition at which no ^‘free’’ moisture re- 
mains, while the cell walls are still fully 
saturated, is called the “fiber-saturation 
point.^^ The moisture content at “fiber- 
saturation” ranges from about 22 to 35 
per cent among species. With further 
loss of moisture below the “fiber-satura- 
tion point,” namely, with removal of 
moisture from the cell walls, shrinkage 
takes place. The amount of shrinkage is 
closely proportional to the loss of mois- 
ture from “fiber saturation” to the 
oven-dry condition, and varies from a few 
per cent to as much as 25 per cent among 
species over this range. Conversely, the 
amount of swelling of wood in varying 
stages of dryness depends on the amount 
of moisture absorbed. The shrinkage of 
wood takes place principally in the 
across-the-grain directions, but in normal 
wood is practically negligible longi- 
tudinally. Many wood-base materials 
are more or less hygroscopic and are 
subject in varying degree to changes in 
volume with change in moisture content. 
Consequently, it is obvious that any 
values for specif c gravity of wood and 
wood-base materials must be tied in with 


the exact moisture condition at which the 
volume mas determined. Also, that the 
immersion-in- water method of deter- 
mining volume cannot be applied accu- 
rately to dry material without moisture- 
proofing the specimen. 

Porous Structure: 

Because of its porous structure, wood 
presents certain difficulties when specific 
gravity methods commonly employed 
with nonporous materials are used. 
Since water is commonly used as a stand- 
ard for comparison in specific deter- 
minations, a ready means of determining 
the volume of a specimen is to obtain a 
measure in suitable units of the water 
displaced when it is immersed. The 
metric system lends itself aptly for the 
measurement, since the wx^ight of 1 cu. 
cm. of water equals 1 g., and the deter- 
mination of specific gravity becomes the 
simple computation: 


Specific gravity = 


weight of specimen 

_in grams (in air) 

volume of specimen 

in cubic centimeters 


in which the volume numerically in cubic 
centimeters is the numerical equivalent 
of grams of displaced water as deter- 
mined by weighing during immersion. 

The porosity of wood, however, offers 
some complications when the volume is 
determined by immersion in a liquid. 

Wood freshly cut from the living tree 
will not absorb appreciable quantities 
of water during a brief immersion to as- 
certain its water displacement. As soon 
as any drying of wood has taken place, 
however, the pores of the wood must be 
sealed before immersion in water or else 
the volumetric displacement of the wood 
specimen will be in error in an amount 
equal to the volume of water absorbed 
by the wood. A practical method of pre- 
venting moisture absorption of specific 
gravity specimens is to apply a thin 
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water-resistant surface coating by dip- 
ping them into hot paraffin. If all excess 
paraffin is wiped off before cooling, the 
volume of the specimen is not materially 
changed. 

In the standard procedure for specific 
gravity and shrinkage in volume at the 
Forest Products Laboratory the volume 
is determined when the specimen is green 
and again when oven-dry. It is not 
practical to determine volume by water 
immersion in intermediate stages of dry- 
ing for the same samples since the appli- 
cation of a paraffin dip would interfere 
with the weight of the specimen to be 
determined later when oven-dry. 

Volumes of partly dry samples are 
most readily determined by measure- 
ment after careful cutting to rectangular 
form or by displacement of a nonabsorp- 
tive liquid, such as mercury. 

The use of mercury, as an immersion 
medium, however, is not satisfactory for 
all wood specimens, since in certain ring- 
porous woods the mercury enters the 
large pores and results in an erroneous 
volume determination. Oak is such a 
species in which large vessels or ducts 
show as depressions or cavities on the 
side and end grain surfaces of a specimen. 
In the determination of volume, the 
over-all boundary, exclusive of surface 
depressions, is obviously that required. 
Plence, when volume is determined by 
immersion in mercury in such species, the 
liquid may penetrate into the pores with 
resulting error. This being a surface 
effect, the error obviously varies with the 
size of specimen and becomes very ap- 
preciable for small specimens. 

Measurement Methods: 

When the volume is determined by 
measurement of specimens in the form 
of rectangular parallelepipeds, accurate 
results can be obtained if the surfaces 
are smooth and if the dimensions are 


substantial. The measurement of the 
thickness of thin veneer presents a diffi- 
cult problem and special techniques must 
be used with respect to the anvil size of 
thickness gages and the pressure em- 
ployed. As will be shown, reliable de- 
terminations of specific gravity of veneer 
as thin as -iw in. can be obtained with 
these proper techniques. 

Sampling: 

Sampling for specific gravity deter- 
minations with wood presents a special 
problem. Since wood varies in density 
within the cross-section and height of a 
tree, considerable variation may be 
found among small samples, say 1 by 1 
by 1 in. in size, from a board or a timber, 
and a single such sample cannot be 
selected to represent the specimen as a 
whole. No general procedure is out- 
lined to cover sampling for all require- 
ments. Sometimes density determina- 
tions must be made on specimens as 
small as i-in. cubes, but usually larger 
specimens can be chosen. 

In the procedure for the systematic 
evaluation of the properties of ’wood in 
accordance wdth A.S.T.M. Methods 
D 143 - 27,^ a density determination is 
made on each test specimen (except 
shear, cleavage, and tension) and on six 
2 by 2 by 6-in. specimens from each bolt 
in conjunction with the determination of 
shrinkage in volume. 

Density determinations to evaluate 
the properties of the wood in living trees 
have established a practical means of 
selecting trees to provide wood to meet 
special needs where the end use justifies 
the extra cost. Density values repre- 
senting the quality of material at 1 or 
2-in. intervals along a single radius from 
the bark to the pith have served ac- 
ceptably for such selection, the samples 
having been taken with an increment 
borer. 
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Basis for Expressing Specific Gramty: 

From the analysis of factors involved 
in the determination of the specific 
gravity of wood, it follows that any 
density figure to be precise, and to avoid 
confusion, must be qualified to estab- 
lish concomitant weight and volume 
bases. For example, the average specific 
gravity of sugar maple {Acer saccharo- 
phorum) is as follows for three conditions: 

0.56— based on weight when oven-dry 
and volume when green, 

0.63 — ^based on weight when oven-dry 
and volume at 12 per cent moisture 
content, and 

0.68 — ^based on weight and volume 

■ when oven-dry. ■ 

From such a series of values, it is pos- 
sible to calculate the percentage change 
in volume associated with the difference 
in the density values. Conversely, 
knowing the average shrinkage of vol- 
ume, and the shrinkage-moisture rela- 
tions, it is possible to convert the specific 
gravity at one condition to that at 
another. Also such specific gravity 
figures can be converted to density on a 
weight per cubic foot basis. 

It may be contended that certain 
density values for wood, such as the 
specific gravity based on weight when 
oven-dry and volume at 12 per cent mois- 
ture content, represents an artificial 
condition in that the weight and volume 
bases are not concomitant. This is, of 
course, true, but practically, the bases 
established have proven to be most useful 
as viewed from long experience. 

Methods of Determining Specific 
Gravity 

While there is obviously but one pro- 
cedure for determining the weight in air 
of specific gravity specimens, there are 


two basic procedures for determining 
volume, as follows: 

1. Volume by measurement: 

' (a) specimens in the forms of rec- 
tangular parallelepipeds, 

(b) samples by taking borings with a 
Forstner bit, and 

(i;) samples taken by increment 
borers. 

2. Volume by immersion in liquids: 

(a) water, and 

(b) mercury. 

Measurement: 

Rectangular Parallelepipeds, — Deter- 
mination of volume of specimens in the 
form of rectangular parallelepipeds can 
readily be made by measurement, as- 
suming the measurements are made with 
suitable accuracy. Special care must be 
used in determining the thickness of thin 
veneer, however, since an error of 0*001 
in. in measuring the thickness of -sVin* 
thick veneer would cause an error of' 5 per 
cent in the volume determination. 

Borings uith Forstner Bit. — A con- 
venient method of determining the 
specific gravity of samples from large 
units, such as logs or timbers, where it is 
not practical to saw out a specimen, is 
by means of borings with a special bit, 
such as the ^ Forstner type bit which 
does not have a lead screw. The boring 
is made to the desired depth, and the 
volume is established from the diameter 
and depth measurement. 

Increment Borer Samples: — Increment 
borers, which are designed to take a 
pencil-sized cylindrical sample from the 
standing tree, have been employed 
mainly to determine the growth rate of 
trees. Such borings can also be used to 
afford an accurate evaluation of the 
specific gravity of the wood. With the 
diameter of the boring accurately estab- 
lished, the length of the sample is meas- 
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ured to determine the volume. . The 
weight of the sample can, of course, also 
be readily obtained. With increment 
borer samples, it is also possible to deter- 
large redwood trees, but the most com- 
mon form is the small diameter borer. 

Immersion in Liquids: 

The common liquid-immersion meth- 
ods usually involve the use of water or 
mercury to determine the volume. Both 
can be satisfactorily employed for speci- 

TABLE I,—MAXIMUM ERROR OF SPECIFIC 
GRAVITY DETERMINATION FOR SPECIMENS 
OF ANY SIZE®, WHEN WEIGHED AND MEASURED 
WITH A PRECISION OF ONE-HALF OF 1 PER CENT 
Error in same direction: Per cent 

Measurement method 5 .... ±1.0 

Liquid-displacement method ! 0.0 

Error in opposite direction: 

Measurement method ±2.0 

Liquid-displacement method ±1.0 

® Calculations based on consideration of specimens 
ranging from 2 by 2 by 6 in. to 0.1 by 0.25 by 1.0 in. in 
dimension. 

mine the density of the wood for different 
distances from the bark to the pith. 
Some special increment borers as large 
as 2 in. in diameter were designed and 
used for selecting density samples from 
mens of practically any size. Except 
as limited by errors due to porosity of 
specimens with large pores, and odd- 
shaped specimens with long splinters, the 
mercury has certain advantages for very 
small specimens. There is at least one 
special design of a mercury volume meter 
produced commercially in which the 
mercury displacement is read on a cali- 
brated scale used to register the move- 
ment of a manually operated cylindrical 
plunger. 

When wood specimens are immersed 
in mercury, and a balance is used to de- 
termine the weight, the balance reaction 
is always negative, in that the mercury 
is always much denser than the specimen 
regardless of species or moisture condi- 
tion. Some species of wood, both when 
green and oven-dry, are less dense than 
water ; some when oven-dry are less dense 
than water^ but in the green condition 


are denser; and others both' when green 
and oven-dry are denser than water, ' 

Accuracy 

From the standpoint of accuracy, the 
evaluations of density by the basic 
methods previously discussed, may be 
classified as {d) approximate and as (i) 
accurate. 

TABLE IE-SUMMARY OF VARIOUS SPECIFIC 
GRAVITY METHODS RECOMMENDED FOR 
WOOD AND WOOD-BASE MATERIALS. 


Method 


la® 

lb® 

2 

3a 

3b 

4 

S® 

6 ® 

7 

8 

9 

10 

11 

12 


® Approximate methods. 

® Standard Methods of Testing Small Clear Specimens 
of Timber, 1944 Book of A.S.T,M. Standards, Part II, p. 730. 

® Tentative Methods of Testing Plsrevood, Veneer, and 
Other Wood and Wood-Base Materials, 1945 Supplement 
to Book of A.S.T.M, Standards, Fart II, p. 155, 

Accurate Methods: 

Accurate evaluation of specific gravity 
can be made when volume is deterinmed 
either by measurement or by the immer- 
sion method. The attainment of an 
accurate evaluation, however, depends 
also on the necessity of accurately de- 
termining moisture content. The most 
common standard method of determin- 
ing the moisture content is to find the 



Measurement method for large 
specimens of regular form 

Water- immersion method for large 
specimens of regular or irregular 
form 

Measurement method for large thin 
plywood panels 

Measurement method for medium- 
sized specimens of regular form,j 
(A.S.T.M. Methods D 143 -27)^ . 

Water-immersion method for medium- 
sized specimens of regular or irregu- 
lar form (A.S.T.M. Methods D 143 - 
27) 

Buoyancy-immersion method for me- 
dium-sized specimens of regular or 
irregular form 

Flotation-upright tube method for 
elongated lumber specimens of regu- 
lar form 

Immersion-graduated tube method for 
miscellaneous samples 

Mercury balance method for medium- 
to small-sized specimens 

Measurement method for veneer, ply- 
wood, and wood-base materials 
(A.S.T.M. Methods D 80S - 45 T) ® 

Measurement method for veneer and) 
plywood, Jolly balance 

Measurement method for Forstner bit] 
samples 

Measurement method for incrementl 
cores, Jolly balance 

Breuil mercury volumeter for veryj 
small samples 


8 

hi 
h 1 
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loss in weight of the specimen when oven- 
dried to constant weight at 100 C., the 
moisture content being expressed as a 
percentage of the oven-dr}^ weight. 

Oven-drying of specific gravity and 
moisture specimens usually requires from 
one to, four days, depending on the size 
and form, and on the initial moisture 
content. Furthermore, if the specimen 
is green and of considerable size (say 2 by 
2 by 6 in.), and volume is desired after 
oven-drying, it should be air-dried for a 
considerable period, sometimes months, 
before being placed in the drying oven 
to avoid case-hardening, checking, and 
warping. On this account, the accurate 
evaluation of specific gravity involving 
the simultaneous determination of mois- 


ture content cannot be made instantane- 
ously, but requires one or more days. 
This time element is the one serious 
handicap to the application of accurate 
specific gravity methods to quality con- 
trol in the wood-using industries, to 
classification in marketing, and to the 
selection of wood for special uses. 

An analysis of the accuracy attainable 
by weighing and measuring to one-half 
of 1 per cent is presented in Table I. 

A p proximate M ethods : 

Because of the considerable time re- 
quired for the accurate evaluation of 
specific gravity, much study has been 
given to the development of approximate 
methods that will permit instantaneous 


TABLE III.-CHECK LIST FOR SELECTING THE SPECIFIC GRAVITY TEST METHOD RECOMMENDED 
FOR SPECIMENS OF DIFFERENT SIZES, SHAPES, AND MOISTURE CONDITIONS. 

(Methods are recommended by reference numbers identified in Table II.) 


Moisture Condition and Shape of Specimens or Samples 


Kind and Size of Specimen j 

Green 

j Seasoned j 

Oven-dry 


Regular 

Irregular 

Regular 

Irregular 

Regular 

Irregular 


Wood 


Standing trees.. 

10, 11 






Large timbers 

la. 10, 11 

lb 

la, io, 11 




Logs, short sections 


lb 





Pulpwood 


lb 





Medium-sized specimens. 

3a, 3b 

3b 1 

3a 


3a, 3b 

3b 

Medium-sized elongated specimens 

6 


5, 6 

6 

S, 6 

6 

Small specimens 

7, 3a, 3b 

7, 3b 

7, 3a 

7 

7, 3b 

1 7, 3b 

Very small specimens. 

12 

12 j 

12 

12 

12 

12 



Veneer and Plywood 




Veneer 

Plywood, thin large panels. 

Plywood, thin small specimens 

Plywood, small specimens. 

Plywood, very small specimens 

8» 9 


8, 9 

2 

8, 9 
3a, 8 
12 

3b 

12 

8, 9 

2 

8, 9 
3a, 8 
12 

■ 

3b 

12 


Modieied Wood 





Compreg, large panels 



la, 2 

lb 

la, 2 

lb 

Compreg, medium-sized specimens 



3a, 8 

3b 


3b 

Compreg, smail-sized specimens 



3a, 7 

3b, 7 

3b, 7 

3b, 7 

Compreg, very small specimens 



12 

12 

12 

12 

Staypak, large panels. 



la, 2 

^ lb 

la 

lb 

Staypak, medium-sized specimens 



3a, 8 

3b 

3a, 8 

3b 

Staypak, very small specimens 



12 

, 12 

12 

12 


Fiberboard 


Hardboard, large panels... 



la, 2 


la, 2 


Hardboard, small specimens ' 



3a, 7, 8 

. 3b, 7 

3a, 7, 8 

3b, 7 

Hardboard, very small specimens .... 



12 

12 

. 12 

12 

Insulating board, large panels 



la, 2 


la, 2 


Insulating board, small specimens 



8 


8 


Insulating board, very small specimens . . . 



12 

"‘.,12 

12. ,| 

T2 
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determination. Tile instantaneous meth- 
ods involve an estimate or an approxi- 
mation of moisture content. 

Instantaneous determinations of mois- 
ture content within certain ranges can^ 
be made by means of electrical moisture 
meters with reasonable accuracy. Errors 
by thi& method on dry material may be 
within a few per cent. 

Another but less accurate method ap- 
plicable to dry material is to estimate 
the moisture content. If the storage 
conditions and length of drying are* 
known, the estimate of moisture content 
may be accurate enough to permit esti- 
mating the specific gravity, based on 
oven-dry weight and volume at test, with 
an error of perhaps 5 to 10 per cent. 

Summary of Specific Gravity 
Methods 

For convenience, a summary of various 
specific gravity methods which may be 
used with wood and wood-base materials 
is presented in Table II, each of which is 
identified by a method number and an 
appropriate name or designation. The 
method number affords a means of 
identifying the particular method recom- 
mended in Table III for determining the 
specific gravity of specimens of different 
composition, size, shape, and moisture 
condition. More complete information 
on some of the methods may be found 
by reference to the literature cited in the 
last column of Table II. 

Check: List eor Selecting 
Recommended Methods 

It has been shown that the specific 
gravity of wood and wood-base materials 
may be determined by a variety of meth- 
ods, and on samples of practically any 
size and moisture condition. One pro- 
cedure may be preferable for one set of 
conditions, another for other conditions. 
As a guide to suggested practice, there 
is presented in Table III a check list of 
procedures recommended for determining 


the specific gravity of wood and wood- 
base materials of different size, shape, 
and moisture condition. To select the 
recommended procedure, find in the left- 
hand column of Table III the particular 
kind of material and size of specimen 
under consideration. Opposite hori- 
zontally will be found the recommended 
method or methods, designated by num- 
ber, corresponding to the moisture con- 
dition and the shape of specimen in- 
volved. Descriptions of methods desig- 
nated by numbers in Tables II and III 
are presented below. 

Description oe Test Methods 

la. Measurement Method for Large Speci- 

mens of Regular Form: 

The measurement method is particu- 
larly applicable to large sawn timbers. 
The procedure for determining volume 
and moisture content as described in 
A.S.T.M. Methods D 198 - IF may be 
used. The essential steps are as follows: 

(a) Measure the cross-section and 
length to i per cent. 

ib) Weigh the specimen. 

(c) Determine the average moisture 
content. 

To do this accurately it is necessary 
to cut a representative sample from the 
timber and determine the moisture con- 
tent of the sample. The moisture con- 
tent of the sample is assumed to be that 
of the timber. 

(d) From the volume and moisture 
content as determined, compute the 
specific gravity, based on weight when 
oven-dry, and volume at test, in the 
usual w^ay. 

lb, Water-Immersion Method for Large 

Specimens of Regular or Irregular 

Form {2): 

The water-immersion method is ap- 
plicable to large specimens of any form 
including logs, log sections, puipwood. 
timbers, compreg, and staypak. 
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A tank of suitable size to hold the 
specimens completely immersed is neces- 
sary. In the case of any material lighter 
than water, facflities must be provided 
for holding tbe specimens submerged. 
(Specimens must not be in condition to 
absorb water readily during immersion.) 

The steps in the procedure are: 

(a) Weigh the specimens. 

(Z>) Place specimen or specimens in 
suitable tank and add sufficient water to 
fill tank. Remove specimens and deter- 
mine volume of water left in tank. The 
difference of the volume of the full tank 
and the volume of water remaining after 
removal of the specimens equals the 
volume of the specimens. 

(c) Determine average moisture con- 
tent and compute the oven-dry weight. 

(d) Compute the specific gravity based 


on weight when oven-dry and volume 

at test. 

2, Measurement Method for Large Thin 
Plywood Panels {2^ W): 

(A) General Method 

(a) Measure the length, width, 
and thickness to i per cent. 
(&) Weigh the specimen. 

(e) Determine the average mois- 
ture content. To do this 
accurately it is necessary to 
cut a representative sam- 
ple from the panel, and 
determine the moisture 
content of the sample. 
(A.S.T.M. Methods D 
80S - 45 T).® The mois- 
ture content of the sample 
is assumed to be the mois- 
ture content of the panel 



Fig. 1. — Apparatus for Water-Immersion Method of Determining the Specific Gravity of Medium- 
Sized Specimens (A.S.T.M. Methods D 143). 

The container with water sljown in the pan on the left is balanced with tare weights placed in the right-hand pan before 

the specimen is ipijnersed. 
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(d) From the volume and mois- 
ture content as determined, 
compute the specific grav- 
ity, based on weight when 
oven-dry, and volume at 
test, in the usual way. 

(B) Special Method for Large Panels 
that are Oven-Dry or at 10 
per cent Moisture Content. 

A special method for quickly estimat- 


ing specific gravity has been worked out 
for plywood panels that have been uni- 
formly conditioned to a moisture content 
of 10 per cent (or are known to have this 
moisture content) and panels that are 
oven-dry (immediately on removal from 
press). 

A chart is provided from which the 
specific gravity of plywood panels having 
a range of thickness and surface areas 



Fig. 2.— Apparatus for Forest Products Laboratory Buoyancy-Immersion Method of Determining 
the Specific Gravity of Medium-Sized Specimens of Regular or Irregular Form. 

The cage for holding the specimen is suspended from the right-hand pan of the balance, and is balanced by tare 
weights ip th^ loft-hand pan . The container for the water may be of any size necessary to aeeommodate the test specimens. 
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may be read directly for material at 10 
per cent moisture content (also when 
oven-dry). 

3a. Measurement Method for Medium- 
Sized Specimens of Regular 
Form {3h): 

3b. Water-Immersion Method for Medi- 
Specimens of Irregular 

Perm: ■ 

Methods 3a and 3h are described fully 
in A.S.T.M. Methods D 143 - 21 f meth- 
ods for testing small clear specimens of 
timber. These methods are applicable 
to many classes of material, such as com- 
preg, staypak, plywood, and fiber boards. 
In determining the volume of oven-dry 
material by immersion in water, the 
specimen should be dipped in hot paraffin 
or otherwise given a protective coating 
to retard absorption of water when im- 
mersed. A view of the equipment suit- 
able for use in volume determination by 
water immersion is shown in Fig. 1. 

4. Buoyancy Immersion Method for Me- 
dium-Sized Specimens of Regular 
or Irregular Form: 

Method 4 varies from 3h only in the 
procedure for obtaining the volume of 
water displacement by the specimens. 
Essentially, instead of supporting the 
specimen rigidly while immersed, the 
specimen is placed in a cage and im- 
mersed in water. The positive or nega- 
tive buoyancy is weighed on a balance 
which supports the cage. The cage must 
be sufficiently heavy to hold specimens 
immersed that are lighter than water and 
must serve also to support specimens that 
are heavier than water. 

A convenient system is to suspend the 
cage by light chains attached to each end 
of a stick placed across the right-hand 
pan of the balance. The left-hand pan 
of the balance is loaded to balance the 
cage when suspended and immersed with- 


out a specimen. The^ water container 
may be placed on the floor or on a stand 
at a convenient height. The balance is 
conveniently placed over the water con- 
tainer by extending a piece of board be- 
yond the end of the weighing table and 
placing the balance as shown in Fig. 2. 
It is essential that there be no change in 
weight of the specimen from the time of 
weighing in air until it is weighed in 
water. Such difference wuuld be a 
source of error. 

The procedure is as follows: 

{a) Weigh the specimen. 

{h) Determine the moisture content. 

(c) If necessary, moisture-proof the 
specimen. (A recommended method is 
by dipping in hot paraffin.) 

(d) Weigh the specimen after moisture 
proofing. 

{e) Load the left-hand pan of the 
balance to balance the scale when the 
cage is freely immersed. 

(/) Place the specimen in or under the 
cage and submerge in water. Determine 
the weight necessary to ^•ebalance, by 
placing weights on the right-hand pan 
(if the specimen is lighter than water), 
using the slide of the beam as necessary. 

ig) The weight in grams added (if the 
specimen is lighter than water) to the 
weight of the specimen in air equals 
numerically the volume of the specimen 
in cubic centimeters. 

{h) From the volume and moisture 
content as determined, compute the 
specific gravity, based on weight when 
oven-dry and volume at test. 

If the specimens sink in water, as is 
frequently the case with green wood, the 
specimen is supported on top of the cage 
during immersion, if an open cage is 
used. The weights to reba! ance are then 
placed on the left-hand pan. The weight 
to rebalance is recorded as before, but in 
this case it is subtracted from the weight 
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in air to give the volume of the specimen. 

This method involves an extra weigh- 
ing in the case of dry material that is 



Fig. 3.— Cylinder and Specimen as Used in 
Flotation-Upright Tube Method for Deter- 
mining the Specific Gravity of Elongated 
Lumber Specimens of Regular Form. 

This is an approximate method for rapid testing. 
The cylinder should be filled to capacity with water, and 
the water line marked on the specimen immediately after 
immersion. 

paraffin coated before immersion. The 
weight in air and the weight when par- 
affined must both be recorded. The 


weight to rebalance when the specirae.n 
is immersed after being paraffined is 
added to the weight in air after paraffin- 
ing to obtain the volume when . dry. 
With common American species of wood, 
no dry pieces are hea\y enough to sink 
in water. 

The advantages of this method are (1 ) 
that the water and container do not have 
to be rebalanced after the immersion of 
each specimen; (2) that the water is all 
below the table top and if spilled does 
not get on record cards or otherwise mess 
things up; and (3) the method is rapid. 
With a little practice the volume of speci- 
mens may be secured at the rate of one 
per minute. The most confusion exists 
when a pbrtion of the specimens, float 
and others sink in water, but this offers 
no hindrance if the system is thoroughly 
understood, or time may possibly be 
saved by first dividing the pieces that 
sink from those that float. 

5, Flotation Upright Tube Method for 
Elongated Lumber Specimens of Reg- 
ular F orm (7) : 

A quick method for determining the 
comparative specific gravity of dry pieces 
of wood that have the same moisture con- 
tent consists of floating elongated rec- 
tangular specimens with parallel sides 
in a tube containing water (Fig. 3). A 
convenient length of specimen is 10 in., 
and a convenient cross-sectional area is 
approximately 1 sq. in. However, other 
lengths and cross-sections may be used. 

If oven-dry specimens exactly 10 in. in 
length are used, the computation of 
specific gravity consists merely in divid- 
ing the submerged length in inches by 10. 
If specimens are not oven-dry, but of a 
known moisture content, corrections may 
be made to reduce the reading to an oven- 
dry value by use of an appropriate 
constant. 

In production control where segrega- 
tion of the very light or the very heavy 
material is desired, and the moisture 
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content among specimens is uniform, the 
allowed immersion range corresponding 
to the control limits may be marked on 
the specimens before floating. Sped- 
niens representing unsatisfactory mate- 
rial may thus be segregated as the testing 
proceeds. This method is particularly 
applicable where it is desired to group the 
wood of a species in a small number of 
density grades. 

6, Immersion-Gradualed Tube Method for 
Miscellaneous Specimens: 

A rapid approximate method consists 
of immersing an elongated specimen in a 
graduated tube of a cross-section only 
slightly larger than that of the specimen. 
This insures a relatively large movement 
of the water level, which can be read 
directly from the graduations before and 
after immersion (Fig. 4). The method, 
like others, requires a knowledge of the 
moisture content of the material. To 
evaluate moisture content, the specimens 
may be oven-dried or a moisture-con- 
tent determination may be made. 
Another suggestion, where facilities are 
available, is to condition the specimens 
to equilibrium in a temperature-humidity 
controlled room, bringing them to some 
desired moisture condition. If the speci- 
mens are oven-dried, it is preferable to 
moisture-proof them by dipping in hot 
paraffin to secure most accurate results. 

The procedure is as follows: 


level before moisture can be absorbed 
by the specimen unless it is paraffin 

coated. 

{e) If the graduations of the fl.ask are 



for Determining the Specific Gravity of Mis- 
cellaneous Samples. 

This is a rapid approximate method. 


(a) Prepare elongated specimens, such 
as a strip from the edge or end of a board, 
and weigh the specimen. 

(J) Determine the moisture content. 
{c) Place water in a graduated flask or 
cylinder, preferably filling to an even 
graduation mark, such as 100 cu. cm, 
and read the water level. 

{d) Place the specimen in the flask, 
holding it immersed with a pointer if 
necessary and read instantly the water 
level. It is necessary to perform this 
operation quickly to determine the water 


in cubic centimeters, the difference be- 
tween before and after water-level read- 
ings equals the volume of the specimen 
in cubic centimeters. 

if) From the volume and moisture 
content as determined, compute the 
specific gravity, based on weight when 
oven-dry and volume at test. 

7, Mercury Balance Method for Medium 
to Small-Sized Specimens (10): 

The mercury balance method, de- 
scribed in detail by Stern and Dear 
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(10),® is applicable to medium and small- 
sized specimens. In this test, the speci- 
men is held submerged in mercury by a 
rigid attachment to the weighing balance. 
The volume is computed from the weight 
of the specimen in air and the ^‘weight’^ 



Fig. 5. — Apparatus Employing a Jolly Bal- 
ance Used in the Forest Products Laboratory 
Measurement Method for Determining the 
Specific Gravity of Veneer and Plywood. 
This is a rapid method applicable to inspection' use. 
A special chart and indicator permits the direct reading 
of the specific gravity. 

in mercury, using the appropriate con- 
version constant determined for the par- 
ticular balance equipped with the neces- 
sary mercury-immersion devices. 

A.S,T,M, Measurement Method^ for 
Veneer^ Plywood^ and Wood-Base 
Materials: 

In conjunction with the testing of 

® E. George Stern and Paul S. Dear, ‘*A Simplified 
Method for the Determination of the Specific Gravity of 
Wood and Plastics, ’’A.S.T.H. Buliexin No. 135, August, 
1945, p. 35. 


plywood, veneer, and other wood and 
wood-base materials, provision is made 
for the determination of specific gravity 
of the test material, either on the test 
specimen itself, or on a sample there- 
from. The same specific gravity meth- 
ods may in general be used; when density 
alone is desired. 

The general procedure , for ' specific 
gravity determinations on these mate- 
rials is as follows: 

{a) Weigh and measure the specimens. 

(&) Determine the moisture content, 
using either the entire specimen for a 
moisture sample, or a small sample cut 
from it. With resin-treated wood, such 
as compreg, the moisture content is rela- 
tively low, and the volatile material 
driven off after 240-hr. drying in an 
oven at 100 F. will range from 3 to 5 
per cent. With such material, the den- 
sity determination is not materially 
affected by moisture content, as in the 
case of wood. 

ifi) From the data obtained, compute 
the specific gravity in the usual way. 

P. Measurement Method for Veneer and 
Plywood; Jolly Balance (7): 

A rapid production method for de- 
termining the specific gravity of small 
veneer specimens makes use of a sensi- 
tive helical spring of the type used in a 
Jolly balance, to which is attached a light 
cradle for supporting the specimen. A 
standard specimen of fixed length and 
width is employed (cut out with a 
trimmer), and the thickness is measured. 
Charts have been prepared for specimens 
75 sq. cm. in area, for thicknesses ranging 
from 0.38 to 0.58 in., and for specimens 
of 100 sq. cm. in area for thicknesses 
ranging from 0.28 to 0.43 in. An indi- 
cator is attached to the lower end of the 
spring. When the thickness of the speci- 
men is known, the specific gravity is read 
directly from the indicator on a special 
chart attached to the apparatus (Fig. 5). 
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Individual Jolly balance springs are 
readily adjusted to the chart simply by 
altering the point of suspension, thus 
changing the effective length of the 
spring. 

The steps in determining the specific 
gravity, after the apparatus is adjusted, 
are as follows: 

(a) Cut the veneer specimens to the 
desired surface area, using a cutter pro- 
vided with a stop to assure accurate di- 
mensions. If specific gravity based on 
weight and volume when oven-dry is 
desired, the specimens must be oven- 
dried before cutting to exact size. 

(b) With a thickness gage of the dial 
type, determine the average thickness of 
specimen to the nearest 0.001 in. The 
suggested procedure is to caliper near 
each corner and take the average of the 
four measurements. The contact sur- 
faces of the micrometer should be 
equipped with slightly rounded anvils to 
insure accurate results, as this is an im- 
portant factor in the precision of the 
method. 

(c) Determine the moisture content 
of the veneer. The procedure with re- 
spect to moisture content depends on 
the purpose. If the specimens are oven- 
dried, accurate results are obtainable for 
specific gravity, based on weight and 
volume when oven-dry. If the moisture 
content is estimated, the method is only 
approximate, the accuracy depending on 
the accuracy of the moisture estimate. 
However, in many instances the moisture 
content may be estimated within a few 
per cent. 

(d) Suspend the specimen from the 
spring on the thread passing in front of 
chart, slide the chart so that the line 
corresponding to the thickness of the 
specimen is directly back of the thread, 
and read the specific gravity directly as 
shown by the indicator. The value is 
that for specific gravity based on weight 
and volume when oven-dry. 


(e) If the specimens are not oven-dry, 
^suitable correction for moisture must be 

made. 

Care should be used in preparing speci- 
mens to avoid rough edges. The meas- 
urement of thickness is important. A 
dial micrometer having anvils with 
rounded surfaces has been found to give 
consistently accurate results. It is pos- 
sible that such a micrometer provided 
with a constant pressure weight would 
prove even more satisfactory. F or rapid 
production, however, the method as de- 
scribed has proved sufl&ciently accurate. 

A sequel to this method (9) provides a 
formula for computing the specific 
gravity of plywood when the specific 
gravity of the constituent plies is known. 

10. Measurement Method for Forstner 
Bit Samples: 

The specific gravity of large units, such 
as logs or timbers, either for selection at 
source or for determinations on struc- 
tures in place may be made on borings 
taken with a Forstner bit, A con- 
venient size is a bit of l-in. diameter, and 
a depth of boring of 2 in. The method 
consists of collecting ail the chips from 
a given boring ani basing the determina- 
tion on the weight of the chips and the 
volume of the hole. The volume is com- 
puted from the diameter of the hole and 
its depth. A depth limit gage in the 
case of timbers or fiat exterior surfaces 
can be attached to the bit to control the 
depth of the boring automatically and 
yield samples of uniform size. If the 
hole is bored normal to a vertical sur- 
face, the chips can readily be collected 
by attaching a container such as a card- 
board box to the timber underneath the 
hole by means of thumb tacks. The 
chips can then be emptied into a small 
paper bag for convenience in completing 
the determination. 

If the moisture content is desired, the 
chips must be weighed immediately, and 
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subsequently after drying. If specific 
gravity only is desired, tbe chips need 
be weighed only after oven-drying. The 
specific gravity obtained is that based on 
weight when oven-dry and volume at 
test. 

In the use of paper bags for handlhig 
the chips, the top of the bags should be 
left open when placed in' the oven for 



Method of Determining the Specific Gravity of 
Increment Cores. 

A special chart and indicator permit the direct reading 
of the specific gravity. 

drying the sample. The weight of the 
bag must, of course, be determined both 
before and after oven-drying, and used 
to correct the tare weight of sample to 
net weight in the calculation of specific 
gravity. When many determinations 
are being made, the weight of the indi- 
vidual bag can be taken as the average 


of a large number' weighed at one time. 
The steps involved are as follows: 

(a) With a Forstner bit, bore a hole 
normal to the surface of the timber, and' 
collect all the chips. 

(b) If moisture is desired, weigh the 
chips immediately. 

(c) Determine the size of the hole. 
The diameter may be measured to the 
nearest 0.01 in., or may be taken as the 
diameter of the cutting edge of the bit. 
The depth of the hole should be meas- 
ured to the nearest 0.01 in. If the di- 
ameter of bit is determined and a limit 
gage is used to control the depth of hole, 
the volume determination may be stand- 
ardized for quick operation. 

(d) Oven-dry the chips, and deter- 
mine the oven-dry weight. 

(e) If paper bags are used for retaining 
the chips, correct the tare weight foi: the 
weight of the bag to obtain net weight. 

(jf) From the data obtained, compute 
the specific gravity, based on weight 
when oven-dry and volume at test, in 
the usual way. 

11, Measurement Method for Increment 
Cores^ Jolly Balance (6) : 

Specific gravity determinations can be 
readily made by naeans of increment 
cores taken with a special bit from stand- 
ing trees, logs, poles, piling, and timbers. 
The pencil-like cores, after oven-drying, 
are suspended from a Jolly balance 
spring, and the specific gravity may be 
read directly from an indicator in con- 
junction with a specific gravity chart at- 
tached to the apparatus. Such charts 
may be constructed for use with cores of 
various lengths, although it is preferable 
to cut the cores to a standard length, 
thus simplifying considerably the deter- 
mination of specific gravity values 
(Fig. 6). 

The volume of the specimens may be 
computed from the established diameter 
of the cutting edge of the increment borer 
and the measured length of the core 
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taken immediately after extraction from 
trees or timbks and before any shrinkage 
in length has taken place due to drying. 
If the moisture content of the specimen 
is desired, cores must be weighed as soon 
as extracted. Customarily the specific 
gravity obtained by this method is that 
based on weight when oven-dry and 
volume at test. For fairly dry material 
of known moisture content, the specific 
gravity based on weight and volume at 
test can be adjusted to specific gravity 
based on weight and volume when oven- 
dry by using a constant applicable to the 
species. 

With increment cores, the critical 


measurement is the diameter of the core. 
This must be determined to the nearest 
0,001 in. Since increment borers often 
vary in diameter by more than this 
amount, it is a good plan to provide a 
calibration index for a range of incre- 
ment borer diameters when constructing 
the chart. 

The steps involved, in addition to the 
determination of the diameter of the 
cutting edges of the increment borer and 
the construction of the chart are as 
follows: 

(a) Measure the length of the incre- 
ment core to the nearest 0.01 in. 



Fig. 7. — ^Breuil Mercury Volumeter, Consisting Essentially of a Chamber in Which the Specimen 
Is Immersed, and a Graduated Piston and Cylinder for Measuring the Displacement. 

This method is applicable to very small specimens of wood and wood-base materials without large pores. 
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(b) If the moisture content is desired, 
weigh the core immediately or wrap in 
vaporproof foil covering to protect the 
core from moisture changes pending 
later weighing.^ 

(c) Oven-dry the increment cores to 
constant weight at 100 C. (A small 
portable insulated drying oven, having 
over-ail dimensions of 4 by 4 by 15 in., 
and which may be attached to standard 
electric outlets has been devised for field 
use for oven-drying cores.) 

(d) Immediately after removal from 
the oven, suspend the dried core from the 
Jolly balance spring in front of the ap- 
propriate chart for cores of the length 
chosen. Then by means of the indicator 
read the specific gravity of the specimen 
directly from the chart. This method 
has been found to be useful in the field 
for selecting trees having wood of a 
definite specific gravity. The specific 
gravity obtained is that based on weight 
when oven-dry and volume at test. 

Brueil Mercury Volumeter for Very 
Small Specimens ( 4 ) : 

A special volume meter has been desig- 
nated for determining the volume of 
small specimens of wood and wood-base 
materials. It consists essentially of a 
mercury chamber connected with a 
graduated plunger operating in a close- 
fitting cylinder. The volume is deter- 
mined from the difference in the gradu- 
ated scale readings taken when the 
specimen is in the instrument and after 
its removal. The apparatus is shown in 
Fig. 7. The procedure of operation is as 
follows: 

(a) Weigh the specimen to the nearest 

0.001 g. 

(5) If moisture content is desired, 
oven-dry the specimen, and determine 
the oven-dry weight. 

(c) Remove cap B (Fig. 7) and place 
the specimen in the mercury chamber A 
which contains only enough mercury so 


that when the specimen is submerged the 
mercury does not overflow. Replace ' 
the cap ^ and revolve piston D untfl the 
mercury is forced, up .into the capillary 
tube to a height corresponding to the 
arbitrarily placed sliding marker C. 

{d) Read the scale on top of the barrel 
E and the vernier F. 

{e) Retract the piston by revolving in 
the opposite direction until the mercury 
is below the top of the cap. Then re- 
move the specimen. 

(/) Replace the cap, advance the pis- 
ton sufficiently to bring the mercury 
back to the level of the marker C and 
again read the scale. The two readings 
are subtracted and the difference is 
multiplied by 0.3 to give the volume of 
the specimen in cubic centimeters. The 
volume is determined to 0.003 cu. cm. 

It is obvious that when specimens of 
woods with large pores are immersed in 
mercury, some of the mercury will enter 
the pores and thus affect the specific 
gravity determination. The error re- 
sulting from this cause will be greatest 
for very small specimens. The most 
accurate results are obtained with the 
volumeter with specimens having very 
small pores. This factor should be kept 
in mind. 

Discussion op Methods 

Extensive data on the specific gravity 
of wood obtained in conjunction with 
the evaluation of properties of different 
species under A.S.T.M. Methods D 143^ 
are available, as well as that obtained in 
conjunction with other research studies. 
Of particular interest may be the results 
of a series of special tests to compare 
some of the newer methods employing 
very small samples with the method of 
D 143. 

Comparative results of a series of 
determinations on mahogany and khaya 
using (1) the measurement method for 
increment cores, (2) the measurement 
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method for veneer and plywood, Jolly 
balance, and (3) the method for medium- 
sized specimens, A.S.T.M. Methods 
D 143, all measured on matched samples 
from the same flitches, are presented in 
Table IV. Presented also are standard 
deviation values for the results by the 
different methods. It is interesting to 
note the substantial agreement among 
the average results for the three methods 
iai both species of wood, and among the 
standard deviation values. Statistically, 
the results show no significant difference 
among the methods. 

Limitations of space preclude the 
presentation of the results of the in- 
dividual tests and data for other 
methods. 

Conclusions 

It has been shown that there are 
many methods for determining the 


specific gravity of wood and wood-base 
materials applicable to specimens of 
different size, shape, and moisture condi- 
tion, and to serve different needs. Some 
have a long record of satisfactory use, 
but even the newer methods have been 
applied sufficiently to demonstrate their 
utility and accuracy. F rom the methods 
described and from comparative experi- 
mental results obtained, it is evident 
that the accuracy of results depends upon 
selection of an appropriate method 
entailing the necessary degree of pre- 
cision for the specimens used. 

Presented in Table II is a check list for 
determining the specific gravity test 
method recommended for specimens 
of different sizes, shapes, and moisture 
conditions. It is recognized that for 
any specific problem several, methods 
may be employed, and it is not possible 


TABLE IV.— COMPARISON OF SPECIFIC GRAVITY VALUES AS DETERMINED BY DIFFERENT METHODS. 





Num- 

ber 

of 

Tests 


Mean 1 


Standard 



Species 

Method 

Type of 
Specimen, 
and Size, in. 

Mean 

Specific 

Gravity 

Differ- 

ence 

(Alge- 

braic) 

Standard 

Devi- 

ation 

Error 
of Mean 
Differ- 
ence 

t 

Significance 
of Difference 


Specific Gravitv Based on Weight and Volume at 10 per cent Moisture Content 


Mahogany | 

No. 9“ 
No. 3^ 

Veneer 

2x2x6 

96 

96 

0.545 

0.552 

0.007 

t-. 

o o 
do 

0.0067 

1 1.04S 

Not significant 

Mahogany 

No. ll^^ 

Cores 

SO 

0.548 

0.012 

0.046 

0.0093 

1.290 

Not significant 


2x2x6 ! 

50 

0.560 

0.047 

Khaya | 

No. 9“ 

Veneer 

95 

0.502 

0.004 

0.041 

0.0062 

0.645 

Not significant 

No. 3^ 

2x2x6 

95 

0.498 


0.044 



Zliaya |j 

No. lU 

Cores 

72 

0.486 

O.OOS 

0.044 1 

0.0074 

0.676 

Not significant 

No. 3^ 

2x2x6 

72 

0.491 


0.044 




Specific Gravity Based on Weight and Volume When Oven Dry 


Mahogany | 

No. 9« 
No. 3^ 

Veneer 

2x2x6 

96 

96 

0.509 

0.520 

0.011 

0.045 

0.043 

0.0063 

1.746 

Not significant 

Xhaya...... | 

No. 9® 

Veneer 

95 

0.467 

0.003 ^ 

0.039 

0.0059 

0.508 

Not significant 

No. 3^ 

2x2x6 

95 

0.470 


0,042 




Specific Gravity Based on Weight When Oven-Dry and Volume at 10 per cent Moisture Content 


f’ 

Mahogany | 

d d 

Cores 

2x2x6 

SO 

50 

0.494 

0.502 

0.008 

0.039 

0.042 

0.0081 

0.988 

Not significant 

Rhaya....... / 

No. Ilf 

Cores 

72 

0.443 i 

0.002 j 

0.039 

0.0065 

0.308 

Not significant 

■ 1 

No, 3^ 

2x2x6 

72 

0.441 


0.040 




^ Method 9, measurement method for veneer and plywood. Jolly balance. 

^ Method 3, method for medium-sized specimens (A.S.T.M. Methods D 143).® 
^ Method 11, measurement method for increment cores# 
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categorically to establish any single 
specific method. ' • 

Because of the many factors involved, 
such as volume change and moisture 
content, the determination of specific 
gravity has many complications. It is 
not the thought that the procedures 
described and presented form a complete 
catalog of all possible methods; rather, 


the presentation should serve to provide 
acquaintance with the factors involved, 
to give detailed procedure for certain 
■definite methods, and to provide a basis 
for developing new methods or com- 
binations which will most satisfactorily 
meet any given problem from the stand- 
point of accuracy, or speed of operation. 
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THE COMPREHENSIVE LABORATORY TESTING OF INSTRUMENT 

LUBRICANTS*' 

By G. E. Barker,^ G. E. Alter, Jr.,^ C. E. McKnight,^ J. R, McKlveen,^ and 

D.M. Hood2 


The object of this 
paper is to describe the various labo- 
ratory tests employed during the in- 
vestigation and development of new 
synthetic lubricants for fine instru- 
ments — a comprehensive research 
conducted during the past three 
years. These test procedures have 
been found extremely helpful in ac- 
celerating the preliminary deter- 
mination of the value of oils for these 
specialized purposes. Of even 
greater importance is the fact that 
these laboratory determinations cor- 
relate very well with operational ex- 
periences. 

It has been found that the fol- 
lowing properties, which are among 
the most essential characteristics of 
a good instrument lubricant, are 
readily measured in the labora- 
tory: 

1. Viscosity, 

2. Cloud and pour points, 

3. Oxidation stability and cor- 
rosion of brass, 

4. Corrosion and rusting of steel, 

5. Evaporation, 

6. Spreading, and 

7. CoelEcient of friction of steel 
on sapphire, lubricated. 

* Accepted for publication in A.S.T.M. Bulletin, 
No. 139, March, 1946; and for publication in the 
A.B.TM. Proceedings. Discussion of this paper is 
invited, either for publication or for the atten- 
tion of the author. Address all communications 
to A.S.T.M, Headquarters, 1916 Race St,, Phila- 
delphia 3, Pa. 

1 Published by permission of the Navy Depart- 
ment. 

* Multiple fellowship on special lubricants sus- 
tained at Mehon Institute by the Instruments 
Branch, Bpreau of Aeronautics of the XJ. S. Navy 
Department. On this program see Chemic^ 
qnd Engineering News f Vol, 23, p. 624 (1945). 


In selecting, adapting, or evolv- 
ing these tests two important condi- 
tions have been constantly empha- 
sized, First, an effort has been 
made to keep small the volume of 
sample. If conducted in the proper 
sequence, the seven tests listed can 
be performed on a 1-oz. specimen. 
This fact is quite important, for 
instrument lubricants are always 
expensive and sometimes scarce. 
Secondly, careful consideration has 
been given to the simplicity of ap- 
paratus and procedure. Specialized 
equipment, other than that avail- 
able in any well-equipped chemical 
laboratory, has been avoided wher- 
ever possible. For both evaporation 
measurement and coefficient of fric- 
tion determination, however, spe- 
cial apparatus was designed and 
constructed because no adequate 
equipment could be purchased. 

Viscosity 

The viscosity is determined by 
A.S.T.M. Tentative Method of Test 
for Kinematic Viscosity (D 445 - 
42 T),® using the modified Ost- 
wald viscosimeters. The viscosi- 
ties are routinely measured at 100, 
32, and —40 F. Occasionally spe- 
cial determinations are made at 
—60 or —80 F. The low tempera- 
tures are obtained by placing a 
thermostatically controlled isopro- 
panol bath in a low-temperature 

. « 1944 Book of A.S.T.M. StaEdar4s, Part III, 
p. 1294. ' ' 
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cabinet maintained about 5 F. be- 
low the desired bath temperature. 

Cloud and Poub Points 

The cloud and pour points are 
found by a modification of the A.S.- 
T.M. Method of Test for Cloud and 
Pour Points (D 97 - 39)/ in which a 
Ifi-mm. outside diameter test tube is 
substituted for the test jar, making 
it possible to run the tests on a 10-g. 
sample. In genex'al, the cooling 
procedure of the standard method is 
followed; but, as most useful syn- 
thetic lubricants have very low cloud 
and pour points, the test tube con- 
taining the sample of lubricant and 
the thermometer is usually immersed 
directly in the cooling medium, which 
may be a mixture of solid carbon 
dioxide and any low-melting liquid 
(isopropanol, acetone, etc.). 

Oxidation Stability and Brass 
Corrosion 

In the preliminary evaluation of 
instrument lubricants there neces- 
sarily must be provision for deter- 
mining the susceptibility to oxida- 
tion and the tendency to corrosion 
of the oils under examination. This 
need is particularly true in the case 
of synthetic lubricating materials 
for which there may be available 
no knowledge upon which to base 
an estimate of the effect of new com- 
positions and possible impurities 
upon the properties of the lubri- 
cants. 

Many of the methods set forth in 
the literature for determining the 
oxidation and corrosion properties 
of oils, either separately or together, 
have been designed especially for 
lubricants to be used in internal- 

^ 1944 Book of A.S.T.M. Standards, Part III, 


combustion engines, and these 
methods, logically enough, attempt 
to duplicate the conditions encoun- 
tered in such engines. None of these 
tests, therefore, was regarded as 
particularly well adapted to the ex- 
amination of lubricants for fine 
mechanisms. There was required a 
rapid and simple test that would 
give some indication of the stability 
of the materials in the presence of 
atmospheric oxygen, catalyzing 
metallic surfaces, and traces of 
moisture. Important also was some 
means of determining quantitatively 
the effect of the oil itself or of any 
possible oxidation products upon 
carefully polished metal surfaces 
such as are found in instruments. 
Finally, it seemed essential to be 
able to obtain this information from 
very small samples. The test 
method described below was de- 
veloped in an attempt to combine 
these requirements into one simple 
procedure that would enable a 
rapid and fairly indicative evalua- 
tion of the lubricants under study. 

Preliminary Considerations: 

There were several factors to 
which attention was given in setting 
the conditions of the test. First, 
it was regarded as essential that the 
oil sample be completely saturated 
with oxygen during the course of the 
test, for in some air-driven instru- 
ments, such as aircraft gyro instra- 
ments, there is prolonged contact be- 
tween the lubricant and large quan- 
tities of atmospheric oxygen. Sec- 
ondly, it was deemed advisable to 
use brass as the metallic material in 
the test because brass acts as an ox- 
idation catalyst, is subject to cor- 
rosion by many organic materials, 
and is one of the metals commojily 
found in parts of small mechanisms. 
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Finally, it seemed necessary to in- 
clude traces of moisture in the test 
medium in order to simulate to some 
extent the conditions encountered in 
service in moist or humid climates. 

Procedure: 

The method consists of bubbling 
moist oxygen at atmospheric pres- 
sure through a sample of lubricant 
in contact with a polished brass suit- 


ing the gas, and is finally admitted 
to the bottom of the sample tube. 
A highly polished block of brass is 
contained in the tube in contact 
with the oil, and the moist oxygen is 
caused to bubble up past this block, 
thus bringing into intimate contact 
the sample of oil, the brass surface, 
and the mixture of oxygen and 
water vapor. Agitation is sup- 
plied by the bubbling action of the 



Fig. 1. — Apparatus for Determining Oxidation Stability and Brass Corrosion. 


face. In order to accelerate the 
process and to reduce the time re- 
quired, the test is run at 100 C. 
(±0.5 C.). The temperature is 
maintained constant by immersing 
the sample tubes in an electrically 
heated and thermostatically con- 
trolled oil bath (Fig. 1). Previous 
to its introduction into the sample, 
the oxygen is mixed with water 
vapor by being bubbled through a 
bottle containing distilled water at 
room temperature. The moist oxy- 
gen is then led down through the 
oil bath by means of a small tube 
that makes provision for pre-heat- 


rising gas. Dust, atmospheric im- 
purities, and oil vapor from the 
heating bath are prevented from 
entering the sample tube by insert- 
ing in the mouth of the tube a cork 
stopper that has had a narrow V- 
shaped groove cut along its length. 
The groove provides for escape of 
used oxygen to the atmosphere, but 
causes sufficient increase in the 
velocity of the escaping gas to pre- 
vent any vapors or particles from 
entering against the gas stream. 

The procedure followed in run- 
ning the oxidation-stability and 
brass-corrosion test is as follows: 
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A small brass block, approximately 
1 cm. square and 2.5 cm. long, is 
cleaned and polished with a series of 
metallographic emery papers, fin- 
ishing ■ with the No. 0000 grade. 
The block is then washed in a stream 
of water, swabbed with a piece of 
wet absorbent cotton, and dipped 

Cork Grooved Vent for 



Fig. 2. — Tube Used in Oxidation and 
Corrosion Test. 

several times into a beaker contain- 
ing distilled water. From the dis- 
tilled water the block is trans- 
ferred by means of a small pair of 
forceps to a beaker containing ethyl 
alcohol (95 per cent) and thence to a 
beaker of benzene. Finally, the 
block is dried in an oven at 105 C. 
for 30 min., after which it is cooled 
in a desiccator. 

After the brass block has been 
polished and cleaned, it is carefully 
weighed on an analytical balance 
and then placed in the bottom of one 
of the special test tubes (Fig. 2). 
Subsequently there is added 10 ml. 
of the oil to be tested, the viscosity 


of which has been deterniined at 
100 F. (37.78 C.). A cork stopper, 
grooved as described, is fitted into 
the open end of the tube, ' and the 
tube itself is clamped in a' vertical 
position with at .least, 18 cm. of 
its length immersed in the thermo- 
statically controlled oil bath. A 
small neoprene tube connected to 
the moist oxygen supply is attached 
to the gas inlet tube, and the oxygen 
flow is so regulated that two or three 
bubbles per second (about 0.2 cu, 
ft. per hr.) rise through the sample 
of oil being tested. With the ex- 
ception of periodic checks on the 
rate of oxygen flow, no further at- 
tention is required for the duration 
of the test. 

At the end of 100 hr., the neo- 
prene tube supplying oxygen is dis- 
connected and the test tube is 
removed from the oil bath. After 
the outside of the tube has been 
cleaned and dried, the lubricant 
sample is carefully poured from the 
test tube into a small bottle in 
which it is kept pending a deter- 
mination of its viscosity. The 
brass block is then removed from 
the tube and placed in a small beaker 
of benzene. As before, the block is 
handled only by means of a pair of 
forceps. After having been rinsed 
by dipping several times in the ben- 
zene, the block is transferred to a 
beaker of alcohol, where the dipping 
process is repeated. Finally the 
block is dried in an oven at 105 C. 
for V 2 hr. and is cooled in a desic- 
cator. Then, as prior to the test, 
the brass sample is carefully weighed, 
and the weight found after the test 
is compared with that previously 
determined. Likewise, the viscosity 
of the oil at 100 F, (37.78 G.) after 
the test is compared with the viscos- 
ity of the untested lubricant. 
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Examination of Results: 

It has been found by experience 
that oils not unduly subject to oxi- 
dation and with little tendency to 
corrode brass never undergo more 
than a 5 per cent viscosity change 
during the test and never cause the 
brass block to lose more than 1 mg. 
in weight. These figures, therefore, 
have been set up in this laboratory 
as the standards to be met by a 
lubricant being subjected to the 
test. But practically any oil sample 
passing the test is able to meet these 
standards by a considerable margin, 
and, conversely, a sample that fails 
usually does so very definitely. In 
Table I are summarized the results 
obtained on four oil samples, of 
which two passed the test and two 
failed. 

Conclusion: 

It will be noticed that this test 
is in many respects similar to the 
original Indiana oxidation test (1)^ 
for motor oils. The fundamental 
differences lie in the temperature to 
which the oil sample is heated and 
in the method by which the results 
are evaluated. It did not seem 
necessary to subject instrument 
lubricants to the high (172.2 C.) 
temperature used in the Indiana test 
to obtain correlations with condi- 
tions in the crankcase of an inter- 
nal-combustion engine. Neither 
did it appear advisable, in view of 
the frequently small samples avail- 
able, to try to measure the time re- 
quired to reach some predetermined 
end point by periodically extracting 
and examining portions of the oil 
sample being tested. The advan- 


® The boldface numbers In parentheses refer to 
the list of references appended to this paper, see 

; ■ 


tages believed to be inherent in the 
present procedure for testing instni- 
ment lubricants are as follows : 

1. The test provides, under con- 
ditions which are not too radically 
different from those which might 
be encountered in service, a fairly 
rapid , method of measuring the ex- 
tent to which an oil is susceptible to 
oxidation. 

2. The test gives an indication 
of the degree to which either the 
oil or its possible oxidation prod- . 
nets are likely to affect the polished 
metal surfaces found in fine mech- 
anisms. 

3. The test serves as a founda- 
tion upon which may be based some 
conclusions regarding the heat sta- 
bility of a lubricant at temperatures 
at least as high as any ever likely 
to be encountered in service. 

4. The test permits the ^ deter- 
mination of these properties on 
comparatively small samples of ma- 
terials which in many cases are 
either quite expensive or of very 
limited availability. 

Corrosion and Rusting of Steel 

Before lubricants may be con- 
sidered for use in instruments, es- 
pecially in ball bearings, they must 
pass tests which show that they 
do not promote corrosion of steel. 
It is also important in many cases 
that the lubricants actually inhibit 
steel corrosion, and hence tests 
must be made to evaluate their 
ability to act in such a beneficial 
way. 

A sample of steel coated with a 
lubricant which does not protect 
against or which accelerates mois- 
ture corrosion, held at room tem- 
perature in air of 100 per cent rela- 
tive humidity, will show signs of 
corrosion within a f©^ days. In 
this simple test lubricants which are 
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not corrosive may be left for weeks 
in contact with steel without show- 
ing any evidence of corrosion. In 
order to determine their relative 
ability to inhibit corrosion an ac- 
celerated test is employed. 

A diversity of accelerated tests 
has been devised and a number of 
them have been reported in the 
literature. Humidity cabinets, water 
sprays, salt solutions, etc., are em- 
ployed. Most tests of this type em- 
ploy a steel test specimen in contact 
with water and the lubricant at 
an elevated temperature. A well- 
known and widely used test is the 
A S.T.M. Tentative Method of Test 
fur Bust-Preventing Characteristics 
of Steam-Turbine Oil in the Pres- 
ence of Water (D 665 - 44 T).« 

Most of these tests are of utility 
in evaluating lubricants, but they 
require expensive equipment, in- 
volve complicated procedure, or call 
for such large amounts of lubricant 
that they are not practical for ap- 
praising small samples. The fol- 
lowing procedure was designed to 
overcome many objections to the 
existing tests and yet make it pos- 
sible for anyone to duplicate the 
conditions. Steel balls, of the type 
used in ball bearings, are employed 
as the test specimens; they are uni- 
form in composition, convenient to 
work with, and need very little 
treatment to prepare them for use. 

Test Procedure: 

The test uses 15-ml. wide-mouth 
screw-cap bottles for containers and 
0.5-in. steel balls as the test speci- 
mens. The balls are freed of the 
manufacturer’s protective oil or 
grease coating by washing them in 
benzene or petroleum naphtha. 

9 1944 Book of A.S.T.M. Standards, Part III, p. 
1283. ' 


They are then polished with a levi- 
gated alumina on a chamois in 
order to provide a fresh, clean sur- 
face. The alumina is removed by 
washing the balls in distilled water 
and swabbing with wet cotton. The 
washed balls are rinsed in ethyl 
acoholl and dried in an oven at 
105 C.; they are then stored in a 
desiccator containing magnesium 
perchlorate until used. 

A clean steel ball is placed in a 
test bottle and covered with 5 ml. 
of the lubricant. With the cap on, 
the bottle is suspended in an oil 
bath at 60 C. (±1 0.). After 1 hr. 

5 ml. of distilled water is added, and 
the mixture is shaken and then 
allowed to separate into two phases. 
Usually the oil floats on the water in 
such a way that it is not in contact 
with the ball. If the oil is heavier 
than water and separates readily in 
such a manner that the ball is not# 
in contact with the water, half of 
the oil is removed. The bottle is re- 
turned immediately to the oil bath. 

An examination is made at inter- 
vals, and the condition of the ball 
and the appearance of the layers 
of oil and water are observed. The 
test is continued until at least one 
fourth of the surface of the ball is 
corroded or until a period of 600 hr. 
has elapsed. The test is then 
stopped. The time of testing and the 
condition of the oil, the water, and 
the ball are recorded. The bait is 
washed with a 1:1 mixture of ben- 
zene and isopropanoL It is then 
coated with a dilute collodion solu- 
tion and filed for reference. 

Discussion: 

A lubricant with no ability to in- 
hibit corrosion will permit the ball 
to corrode visibly in several hours. 
At the end of 24 hr. the ball will be 
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TABLE II.— ACCELERATED BUST TEST DATA. 



Duration of 
test, hr. 

I Condition at End of Test 


Lubricant 

Oil 

Water 

Ball 

White mineral oil (U. S. P. liquid 
petrolatum., viscosity = 19 cs. 
at 100 F.).... 

24 

Clear 

Brown, rusty sediment 

Rusted 

White minerai oil , + 1.0 per cent 
stearic acid 

360 

Clear yellow 

Cloudy yellow-brown. 
Busty sediment 

Rusted 

Commercial compounded lubri- 
cant containing rust inhibitor. 

600 

Clear 

Clear 

Unaffected 


badly corroded. The water will 
contain sediment, usually rust-col- 
ored but sometimes brown or black. 
If the composition of the lubricant 
is such that it is capable of prevent- 
ing corrosion, there will be no change 
in the appearance of the steel ball 
for 500 hr. or more under the condi- 
tions of the test. 

Occasionally, as a result of incom- 
plete cleaning of the steel balls or of 
the containers, a test run on a rust- 
inhibiting lubricant will fail. For 
this reason, duplicate check runs are 
made on all samples which fail; 
and if neither sample corrodes, the 
lubricant is considered to have 
passed the test. 

Tests have been run by this pro- 
cedure on many of the materials 
commonly used as lubricants. Typi- 
cal test data are presented in 
Table IL 

Evaporation 

The rate of evaporation of lubri- 
cating oils for instruments was meas- 
ured by bubbling nitrogen through 
a sample contained in a specially 
designed cell This test was de- 
vised (1) to obtain results in less 
time than testing oil in service re- 
quires, (2) to study the evapora- 
tive property separate from other 
characteristics, for example, oxida- 
tion, (3) to detect oils whose com- 
position changes appreciably as 
evaporation proceeds, and (4) to 
arrange the oils in order of volatil- 


ity. The test is an improved form 
of that devised by Barker and Urie 
(2) ; but the temperature of evapora- 
tion was 70 C. in the test described 

here. 

It was desired that the test, in 
addition to fulfilling these require- 
ments, yield reproducible, easily 
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understood results and that it be 
simple but sufficient. Acceleration 
and a fair degree of precision were 
attained by causing the weight loss 


most aircraft instruments shortens 
the test from months under service 
conditions to about ten days. A 
varying rate of evaporation indi- 



to approach closely the limit set by 
saturating the surrounding gas with 
oil vapor. Saturation also enables 
the findings to be expressed as per- 
centage evaporated, as evaporation 
rate, or as vapor pressure, the first 
two of which are especially easy to 
eomprehend. The use of nitrogen 
eliminates oxidation or other chemi- 
cal action. A high rate of gas re- 
newal compared to that found in 


cates change of composition. Such 
a change reveals that, although the 
oil may meet specifications while it 
is in its original closed container, it 
begins to differ therefrom immedi- 
ately on being used. 

Apparatus: 

The cell in which the sample is 
held for evaporation is shown in 
■Fig. 3. The ' bulb A is a : trap to 
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prevent loss of oil if the gas flow 
should happen to reverse. The 
.spiral in coliiinn B furnishes sur- 
face to saturate the nitrogen with 
oil vapor; the rod at the lower end 
is a safeguard , against channeling. 
The inside cage D narrows down the 
column to the hook C, which, by 
increasing the gas velocity and di- 
recting the gas against the baffle E, 
generally prevents loss of unvapor- 
ized sample as entrainment or foam- 
ing through the top arm and exit F. 

The accessory pieces of apparatus 
are related as shown in Fig. 4. Con- 
densation in the top arm is pre- 
vented by a heating cap. The 
cap, which consists of a section of 
copper pipe, dips into the hot oil 
bath and conducts heat up over the 
arm, providing a heated region 
around this otherwise exposed part 
of the evaporation tube. 

Procedure: 

1. The evaporation tube is 
cleaned and weighed. 

2. Into the receiving arm G is 
drawn 1 ± 0.2 g. of oil and the 
filled tube is weighed to 0.2 mg. 

3. The tube with the sample is 
placed into the holder, which also 
serves as the nitrogen preheater. 

4. The nitrogen connection is 
made (2-in. lengths of neoprene 
tubing); the top arm cap is put 
into place; and the apparatus is 
lowered into the thermostat. 

5. The nitrogen flow is adjusted 
to 0.5 cu. ft. per hr. according to 
the flowmeter. 

6. After a time interval (de- 
pending upon the volatility of the 
oil but usually not less than 18 hr.) 
the tube is removed, cleaned on the 
outside, and weighed. To avoid 
entrance of cleaning solvent into 
the evaporation tube appropriate 
precautions must be taken. 


7. The tube is .replaced .. and 
evaporation continued. ^ The pro- 
cedure is repeated daily until suf- 
ficient evaporation is adjudged to 

have occurred. 

8. The results calculated from 
the data obtained are generally re- 
ported graphically. 

Derivation of Equations: 

It was thought that in instrument 
work the principle of plotting per- 
centage of original sample remain- 
ing as a function of time would be 
more suitable than reporting vapor 
pressure only, and therefore re- 
sults have been expressed accord- 
ingly. 

The percentage of the sample re- 
maining at any given time is 

- X 100 = iV (1) 

mo ' 

This value, N, is plotted as the ordi- 
nate. 

The abscissa, or time expression, 
is derived from an adaptation of 
the equation used in the gas satura- 
tion method of determining vapor 
pressure. As the vapor pressure of 
the oil is low, the volume of vapor, 
y, is taken as that of the nitrogen 
alone (3) : 

M = . (2) 

pv ' “ ’ * * ' 

By correcting the experimental data 
to a set of ‘^standards/’ the extent 
of evaporation may be revised for 
variations in sample size and gas 
rate. Let the standard sample size, 
m,, be 1.0000 g. and tlie standard 
gas rate, gs, be 25.0 liters per hr, 
(N.T.P.). Substituting in Eq. 2, 
which must be true for any sample 
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TEMPERATURE, deg. Cenf, 

Fig. 5 —Vapor Pressure — Temperature Curve of Di-?i-Butyl Plithalate. 


size and for any gas rate (provided 
saturation is realized) , we find 


M = 


(100 - N)RT . 

1AA . ^ v^760 

lOOpqd. X ^ X 


Equation 2 must be true also for the 
conditions under which the experi- 
ment was run. Therefore, 


M - 


fflo(10Q - N)RT 

lOQpqt X ^ X ^ 


••(4) 


Then, from Eqs. 3 and 4, 

QsU qt ^ qinia 

nis ?no q^niQ ^ 

This value, is plotted as the 
abscissa. Under the following set of 
conditions, % represents an actual 
as well as a calculated value of time : 

1. The composition of the oil re- 

mains constant during the 
test. , 

2. The initial sample is 1.0000 g. 
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3. The gas rate is 25 liters per iir. 
^ (N.T.P.). ^ 

If the oil composition remains un- 
changed during evaporation, ' Eq. 3 
is the equation of the evaporation 
curve. 


the reproducibility ur ; degree of 
precision given by this test. ' Curve 
E exemplifies the results from an 
oil whose properties alter rapidly, 
as revealed by the changing slope-— 
an oil expected to require frequent 
renew^'a! in the instruments. Curve 



TIME, HOURS 

Fig, 6 . — Evaporation R-ate Curve. 


Results: 

Goniparison of the vapor pres- 
sures (0.00262 and 0.00385 mm. 
Hg for separate runs) found for 
di-n-butyl phthalate with other 
reported values (Figs. 5 and 6) 
shows that the apparatus described 
practically saturates the gas and 
thus gives results closely related to 

vapor pressure .(see . Fig. 5 for the, 
comparison). ' 

'Curves and. F. ill Big. 6 repre- 
sent two runs, on each of two differ- 
ent oils. These two curves, plotted 
from ■ the , d.ata^ in .,.,Table III, indicate 


F shows results given by an im 

proved lubricant. 

Nomenclature: 

Mq — initial weight of experimental 
sample used, 

Ms — initial weight of ^ 'Standard’^ 
sample, 

Mt = .weight of experimental sample 
remaining at time 

M == molecular weight of the oil,: 

N = percentage of initial sample 
remaining at time i, 

p = vapor pressure of the oil, 




TABLE III. 
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F • — total pressure under which 
the evaporation is carried 
' out, ; / 

g , = actual gas rate used , in test; 

tem- 
perature and pressure, 
qs - gas rate used as '^standard'' 
for calculations, 

R .= .gas constant, 
f = time during which evapora- 
tion occurs, 

4 — calculated time of evapora- 
tion, and 

T == temperature of oil and nitro- 
gen in zone of contact. 

Spreading 

In the lubrication of pivot-type 
bearings, such as are found in 
clocks and watches and in some 
aircraft instruments, the tendency 
of the oil to spread is important. 
There are many ways to approach 
the problem of determining the 
spreading tendency of a lubricant. 
Other than testing in actual in- 
struments, one of the best indica- 
tions of nonspreading characteris- 
tics is obtained by measuring the 
contact angle between the lubricant 
and the solid surfaces to be lubri- 
cated. Theoretically, any contact 
angle greater than zero indicates 
that the liquid will not spread on the 
surface in question. Experience 
has shown that the greater the 
contact angle the less is the tend- 
ency of the liquid to spread. A 
contact angle of 5 to 10 deg. is 
probably sufficient to insure a non- 
spreading lubricant. The next most 
useful property in predicting the 
tendency of the lubricant to stay 
in the bearing is its surface tension. 
The greater the surface tension the 
less is the tendency for the oil 'to 
leave the bearing. Generally non- 
spreading oils have a minimum sur- 


face tension of 35 d 3 mes per centi- 
meter. 

These tests give no evidence of 
the effect of aging of the oil or of 
changing the surfaces on the spread- 
ing tendency of the lubricant. To 
fill this gap in the test procedure, 
an ^^extended spreading test’^ has 
been introduced in which a drop of 
oil approximately 1 mm. in diame- 
ter is placed on a highly polished 
steel surface and its change in 
diameter is measured periodically. 
One set of oil samples is maintained 
in an anhydrous atmosphere (in a 
desiccator with magnesium per- 
chlorate) and a duplicate set is kept 
in a saturated atmosphere (enclosed 
in a container over water, but not 
immersed). In the saturated at- 
mosphere condensation occurs on 
the steel surface and spreading com- 
mences in much less time than it 
does in dry air. 

Experimental Procedure: 

Contact Angle Measurement — 
There are several methods of meas- 
uring contact angles of liquids on 



Fig. 7.— Contact Angle of Liquid on Solid. 


solid surfaces, but probably the 
most desirable procedure for the 
present problem is the measurement 
of the dimensions of a sessile drop 
on the surface in question (2, 4, 5, 6, 
7, 8). The dimensions of the drop 
are determined by means of a low- 
power microscope equipped with a 
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filar micrometer ^ eyepiece. If the thoroughly ' with distill ed ■ water, 
drops are small,: their surfaces will The samples are finally rinsed with 
be portions of spheres. Then angle acetone before drying for 15 min. in 
the contact angle, will be twice an oven at 105 C. The specimens 
the angle BCD, which is 2 tan~^ are allowed to cool to room tern- 
(BD/UD) (Fig. 7). perature in a desiccator containing 

The preparation of the solid sur« anhydrous magnesium perchlorate, 
faces is the most important factor The lubricant is dispensed from 
involved in reproducing contact a microburette constructed for de- 
angle measurements. The materials livering reasonably uniform drops 
used for the test surfaces consist of on the surface being used. W^th 
a piece of |-in. brass rod, a' sample considerable experience, uniform 


TABLE IV.— CONTACT ANGLES OF LUBRICANTS. 





Diameter 

2 X Height 








of Drop, 

of Drop, 


Tan”’' i 

0, 

deg. 

Lubricant 


Surface 

D, mm. 

2h, mm. 

2h/D 

2h/D \ 






0.828 

0.167 

0.202 

11 

22] 




Brass ■ 

0.886 

0.189 

0.214 

12 

24 

■23 




0.886 

0.193 

0.218 

12 

24 j 




0.911 

0.149 

0.164 

9 

18 


N-22a 


Steel 

0.969 

0.185 

0.193 

11 

22' 

21 


0.976 

0.189 

0.194 

11 

22, 





1.050 

0.224 

0.213 

12 ■ 

241 




Ruby 

1.060 

0.218 

0. 206 

12 

24 

25 



1.170 

0.289 

0 . 247 

14 : 

28; 





0.928 

0.160 

0.173 

10 j 

20] 




Brass 

0.851 

0.144 

0.169 

10 ! 

20; 

22 




0.727 

0. 164 

0.225 

13 1 

26j 





0.836 

0.168 

0.201 

11 

22 


Commercial watch oil . 


steel 

0.791 

0.140 

0.177 

10 

20 

21 




0.825 

0.160 

0.194 

11 

22 





0.747 

0.164 

0.220 

13 

26 




Ruby 

0.767 , 

0.176 

0.220 

13 

26 

■26 




0.789 

0.180 

0.228 

13 

26] 




1.035 

0.0967 

0.0935 

5 

101 




Brass • 

1.198 

0.0934 

0.0780 

5 

10 

ho 




1.221 

0.1035 

0.0845 

5 

10 

1 




1.261 

0.0868 

0.0686 

4 

8 


Commercial watch oil “U” . . 


Steel 

1.302 

0.988 

0.0900 

1 0.0666 

0.0690 

1 0.0678 

4 

j 4 

8 

8, 

i 8 

i 



f 

1.000 

0.260 

0.260 

1 15 

301 



j_ 

Ruby { 

1.061 

0.239 

0.225 

13 

i' 26 

f27 


1 

1.080 

0.243 

0.225 

! 13 

26 

1 


of |-in. hardened steel drill rod, drops of a liquid can be placed on a 
and a synthetic ruby. The flat end solid surface with an ordinary steel 
surfaces of the brass and steel pen. Generally three drops of the 
samples are polished with metallo- liquid are put on each surface and 
graphic polishing papers Nos. 00, an average of the contact angles is 
000, and 0000, in the order named, reported if the difference between 
and finally with Fisher's '^Gamal" any two on the same surface is not 
polishing alumina on a wheel cov- greater than 5 deg. If the differ- 
ered with heavy broadcloth. The ence is greater than 5 deg., the 
ruby surface is cleaned by rubbing surface is cleaned and polished and 
with rouge on a chamois. After the the measurement is repeated. A 
final polishing, the surfaces are drop of liquid 1 mm. across is a 
washed with water, swabbed with satisfactory size, 
wet .absorbent cotton, and rinsed Extended 
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test is conducted on Steel only but 
could be made on any solid. For 
this purpose, steel rollers 

such as are commonly used in roller 
bearings may be employed as the 
surface specimens. One plane end 
of each roller is prepared exactly 
as the steel surface for contact angle 
measurements. One sample isplaced 
in a desiccator (Fig. 8) and the 


IV. Similarly, measuremeiats m 
determined in the extended spread- 
ing test are presented in Table 


TABLE V.— EXTENDED SPREADING TEST 
ON STEEL. 


Coefficient of Friction of Steel 
ON Sapphire, Lubricated 

Fine mechanisms which contain 
pivot-type bearings, such as are 
found in watches, clocks, and some 
aircraft instruments, are affected 
greatly in operation by the pres- 
ence of friction. For this reason, ex- 
treme care is used in the design, 
material selection, and finish of 
pivot-ty|>e instrument bearings. 

Because it is difficult to measure 
quantitatively the friction effect 
in an instrument, and as it is almost 
impossible to obtain an accurate 
representative value without mak- 
ing similar measurements on a large 
number of instruments, it was de- 
cided to design and construct a 
simple device for measuring the 
friction of two rubbing surfaces. 
A number of machines for measur- 
ing the effects of lubricants on the 
coefficient of friction under condi- 
tions of boundary lubrication have 
been described in the literature (8, 
9 , 10 , 11 , 12 , 13 ^ 


Fig. 8.-~Extended Spreading Tests, 

other one is put in a closed vessel 
containing water to maintain the 
air saturated with water vapor. 
The diameter of the drop of liquid 
is measured periodically, usually 
once a month. This test is conduc- 
ted only on those lubricants which 
have passed all other tests and are 
indicated to be nonspreading from 
contact-angle measurements. , 

Results of Typical Measurements: 

Some typical measurements of 
contact angles are recorded in Table 



Diameter of Drop, 

mm. , ' ' " "1 


Lubricant 

Anhy- 

drous 

At- 

mos- 

phere 

■ Satu- 
rated 
At- 
mos- 
phere 

Time 
days,' , 

N-22a 

: 1.25 

I 1.37 

0 


1.55 

' 3.0 

123 


1.43 

i Spread 

'162' 


2.23 


'395 

Commercial watch 

Spread 


425 

oil “G”........ 

2.12 

1.30 

0 


2.08 

1.29 

124 


1.94 

Spread 

■ 2'12 


2.05 


755 

N-32c ... 

1.30 

1.29 

0 


1.44 

Spread 

150 


Spread 


180 
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Design of the Instrument: 

After careful consideration of the 
characteristics of the previously 
described machines, it was decided 
to design and construct a pendulum 
type of instrument to measure the 
^^oiliness^^ of lubricants. This type 
of machine was chosen because it 
makes available an oscillatory mo- 
tion similar to that found in time- 
pieces, the most numerous of the 
instruments containing lubricated 
pivot-tjpe bearings. The design 
was developed to produce a linear 
speed between the bearing surfaces 
in the range encountered in the 
balance wheelsof clocks and watches. 

The theory of the measurement of 
friction by the damping of the os- 
cillation of a pendulum is quite 
simple if the following assump- 
tions are made: 

1. That the normal force, F, 
on the bearing is not appreciably 
affected by the centrifugal force. 

2. That the normal force, F, is 
not greatly dependent upon the 
amplitude. 

3. That the damping effect by 
air resistance is negligible. 

4. That the moment of friction, 
Mj of the pendulum about its 
point of support may be considered 
constant. 

Under these conditions, 

Af ss WL ao 

where; 

W" - weight of the penduluni, 

L = distance of the center of gravity 
from the point of suspension of 
the pendulum, and 

ao “ decrease in the amplitude, a, 
brought about during one- 
quarter period by friction damp- 
ing. 

Observing full periods, the value 
of the amplitude, (radians), 
of the nth period is Ao — 4n ao, 


where Ao is the. initial value of the 
amplitude and n is the number of 
full periods. Then 


M == WL 

The force of friction on each plane 
surface is — / X F, where f is the 
coefficient of friction and F is the 
normal force on that surface (Fig. 
9). Therefore 



Fig. 9.— Schematic Diagram of Ball and 
Supporting Plane Surfaces. 



atid 

R = /IF/2 cos 5 

where d is the angle between the 
vertical and the radius of the ball at 
its point of tangency with the plane 
bearing surface. 

Then, since 'Jf = 2(B-f), where r 
is the radius of the ball: 



I 




' 

I 

I 

I 

i 

j 
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and 

f= Ao - An 

\ r J 4n 

_ The constants for the particular 
instrument which was constructed 
are as follows; 

L = 5.18in., 

6 = 45. and 
r=0.fe0in. 


distilled water, swabbed with wet 
cotton, rinsed with alcohol or ace- 
tone, and dried for 15 min. at 105 C. 
before cooling in a desiccator. The 
surfaces of the cleaned steel ball and 
sapphire jewels are never allowed to 
come into contact with the fingers. 

The lubricant is applied to the 
surface by transferring a few* drops 


Substituting these values in the 
formula for the coefiicient of fric- 
tion, 

/ = (5-18) (0-7071) /'A, - A„\ 

0.250 V~li — ) " 



A general view of the instrument 
is reproduced in Fig. 10. The de- 
tails oi the pendulum and the 
sapphire bearing are given in Fig. 

Experimental Procedure: 

It should be emphasized that 
measurements of oiliness are rela- 
tive and that such determinations 
must be conducted under carefully 
controlled conditions. 

The stee' ball is prepared by 
washing with a suitable solvent to 
remove the previously tested lubri- 
cant, and polishing with rouge on 
moist cha,mois. The ball is washed 
with distilled water, swabbed with 
absorbent cotton, rinsed with al- 
cohol or acetone, and dried for 15 
min. at 105 C. before cooling in a 
desiccator. The plane (sapphire) 
bearing surfaces are prepared by 
washing with a suitable solvent to 
remove the previously tested lubri- 
cant and cleaning the surface by 
buffing with levigated alumina 
(Fisher’s “Gamal”) on moist cham- 
ois, The plates are washed with 



Fig. 10.— Pendulum for Measuring 
Oiliness. 


from the container to the jewels by a 
glass rod drawn to a point at one 
end. The drops of the lubricant 
are wiped over the surface by a 
piece of absorbent cellulose (such 
as “Kleenex”). The latter, which 
is now moist with the lubricant, 
is also wiped over the bearing 
surface of the steel ball. The pen- 
dulum is then suspended with 
the ball seated on the two sapphire 
jewels and measurements are begnu 
by releasing the pendulum from any 
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Fig. 11. "“"Detailed Drawing of Pendulum and Bearing. 


desired initial amplitude and ob- Table VI contains the values of the 

serving successive amplitudes. It is coefficients of friction from some 

most convenient to record the am- typical lubricants. 

plitudeof every third swing. Tenths 

of I degree can be estimated on the 

scale. The average of five deter- ^ 

minations is taken as the final value. Many of the testing procedures 
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TABLE ; VI.—COEFEICIENTS OP PEIC* 
: TION OF. STEEL ON SAPPHIRE, 

; lubricated. ■ . ■ . 


! 

Lubricant 

'Swing 
Num- , 
ber 

Ampli- 
tude of 
Swing 
(Aver- 
age of 
five) ,deg. 

Coef. 

of 

Fric- 

tion 

LIglit oil .. . 

0 

25 



3 

19.8 

0.1108 


■6 

14.7 

0.1100 


9 

9.6 

0.1097 


12 ■ i 

4.4 

0.1100 

Castor .oil ' 

0 

25 



3 

21.6 

0.0725 


1 , 6 

18.2 

0.0725 


9 

15.0 

0.0712 


12 

11.8 

0.0705 

Porpoise jaw oil. . . 

0 .. 

25 



' ■ 3 ■ 

20.4 

0.0980 


.. 6 ■ 

16.0 

0.0959 


9 

11.6 

0,0954 


12 

7.2 

0.0950 


studied and applied in this research 
were adopted during Mr. Barker^s 


incumbency of the industrial fellow- 
ship supported- in Mellon Institute 
by. the Elgin National Watch Co.— a 
comprehensive project on synthetic 
watch lubricants that preceded and 
supplied basic guiding lights for the 
program of the Instruments Branch 
of the Bureau of Aeronautics. The 
authors are highly appreciative of 
the generous cooperation of the 
scientific staff of the Elgin National 
Watch Co. and of personnel of the 
Instruments Branch, Bureau of 
Aeronautics. The Aeronautic In- 
strument Section of the National 
Bureau of Standards has also been of 
material aid during the progress of 
the investigation. 
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■ GREASE ANALYSIS--AN ANALYSIS OF THE A.S.T.M; METHOD 
, SUGGESTIONS. FOR IMPROVEMENT* 


AND 


By Robem S. Babnexx/ Walter Scott -Palmer/ and Harry Levi# 


This paper deals with the analysis of 
lubriGating greases, including separation 
and determination of the main com- 
ponents, such as fatty acids from soap, 
mineral oil, etc. The A.S.T.M. Stan- 
dard Methods of Analysis of Grease 
(D 128-40)2 those generally ac- 
cepted for these determinations. Their 
wide recognition is apparent from their 
incorporation into the following pub- 
lications: Federal Standard Stock Cata- 
log, VV-L-791b, February 19, 1942, p. 
178; Institute of Petroleum, Standard 
Methods, Sixth Edition, 1*945, p. 23; and 
^Rubricating Greases: Their Manufac- 
ture and Use,’’ E. N. Klemgard, p. 799 
(1937). They have also been approved 
as American Standard by the American 
Standards Association (ASA No. Z11.16- 
1940). 

A.S.T.M. Methods D 128 were issued 
in 1927 and remain largely unaltered. 
Since their adoption, grease research and 
technology have expanded greatly, the 
“art” concept has almost disappeared 
from the picture, there is less tendency to 
keep formulas secret, and methods of 
analyses are more closely examined. 

The need for more comprehensive and 
reliable methods of grease analysis re- 
sults from these developments. Such a 


* Presented before Technical Committee G on Lubri- 
cating Grease of A.S.T.M, Committee r)*2 on Petroleum 
Products and Lubricants, Buffalo, N. Y., June 24, 1946. 
Accepted for publication in Proceedings, Discussion of 
this paper is invited either for the attention of the author 
or for publication. Address all communications to the 
Society Headquarters, 1916 Race St., Philadelphia 3, Pa. 

1 Assistant to Superivsor, Products implication Service, 
The Texas Company, Beacon, N. Y.; Chemist in Charge 
Analytical Laboratory, The Texas Company, Port Arthur, 
Tex.; and Supervisor, Products Analysis, The Texas Com- 
pany, Beacon, N. Y., respectively. 
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method should serve at least the follow- 
ing types of samples: 

1. Experimental and production 
samples including such components as 
lithium soap and co-existing free acid and 
Tree alkali. 

2. Used or deliberately degraded 
greases; to determine the extent of de- 
terioration as, for example, after accel- 
erated laboratory tests. 

3. Samples for referee analyses to 
determine composition. This phase is 
less important than previously, since the 
trend is to performance tests for deter- 
mining grease quality. 

This paper presents modifications of 
the A.S.T.M. Methods D 12§ which 
have been used successfully in our labora- 
tories for the analyses of thousands of 
greases from research and production. 
The modifications render the basic prin- 
ciples of the Methods D 128 more com- 
prehensive, its manipulations more 
practical, and improve precision; in 
addition ) methods are given for deter- 
mining co-existing free acid and free 
alkali, lithium in greases, qualitative 
presence of soap, all of which amplify and 
augment the utility of the A.S.T.M. 
method. Mention is also made of rapid 
simple procedures for estimating soap 
content, etc. when much is known about 
the nature of the sample, as in manufac- 
turing control. 

■ Comparison oe the A.S.T.M. and 
THE Proposed Methods 

A.S.T.M. Methods D 128 - 40 in- 
volve decomposing the grease with hy- 
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drochloric acid and separating the total 
oily organic acids by alkali extraction 
from the nonacidic oil components using 
immiscible solvents in a counter-extrac- 
tion operation. The modified method, 
given -for convenience in detail in Ap- 
pendix I, follows the same general 
procedure and form, but incorporates 
changes which the authors have found 
improve the precision and ease of ana- 
lytical operations. 

A summary of the principal modifi- 
cations follows: 

Fillers {Section 10):^ 

The A.S.T.M. method involves di- 
gestion of the sample with hydrochloric 
acid, filtration, and washing with naph- 
tha and alcohol. This does not deter- 
mine acid-soluble fillers, such as chalk, 
mineral constituents of graphite, etc. 

The modified method utilizes inert 
solvents which dissolve the grease and 
leave fillers as residue. 

Soap {Section 12): 

The A.S.T.M. method specifies that 
the primary decomposition of the grease 
with dilute hydrochloric acid be con- 
ducted in a separatory funnel, pre- 
sumably at atmospheric temperature. 
It is much more expedient to decompose 
it hot and in the presence of benzene 
in an Erlenmeyer flask under a reflux 
condenser. Subsequently, the benzene 
is evaporated, and the mixture cooled 
and transferred to a separatory funnel 
with naphtha, whenceforth the usual 
separations are effected. 

The A.S.T.M. njethod specifies that 
in calculating soap from the pertinent 
fraction of gravimetrically-determined 
fatty acids, the ash analysis should be 
used as the guide if more than one base 
is present. We supplement this with an 
actual qualitative test for soap because 


sThe sections within parentheses refer to A.S.T.M. 
Standard Methods D 128 - 40, see footnote 2. 


serious error could result if, for example, 
a sodium soap grease had a chalk filler, 
in which case two bases will be found in 
the analysis of the ash, though the soap 
of only one base is present. 

To keep pace with the growing use of 
lithium as soap base, a method is in- 
cluded for its determination in lithium- 
sodium soap greases (Appendix II), 

Glycerin {Section 13): 

The A.S.T.M. method provides only 
a qualitative separation of glycerin. 
It is found that a quantitative determina- 
tion is frequently useful, so a method 
involving periodate oxidation has been 
included. It is subject to less inter- 
ference than dichromate procedures. 

Petroleum Oil {Section 15): 

Small amounts of soap resulting from 
the extractive separations of the 
A.S.T.M. method commonly remain 
dissolved or entrained in the naphtha 
solution containing the petroleum oil 
fraction. If not eliminated, this soap 
may affect the viscosity and other con- 
stants of the separated mineral oil. 
In the modified method, the naphtha 
solution is acidified with hydrochloric 
acid and then washed free of mineral 
acid with water. The petroleum oil 
separated in this fashion contains a 
minute amount of fatty acid, which 
influences its properties inuch less than 
the equivalent amount of soap. The 
quantity of petroleuna oil is corrected 
for the small amount of fatty acid on the 
basis of the neutralization numbers of 
the petroleum oil fraction and the fatty 
acids separated in the main soap deter- 
mination. 

Procedure for Dark Greases by Method 

II {Section 16): 

Where the grease contains appreciable 
asphaltic or tarry matter, the A.S.T.M. 
method requires decomposition with 
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granulated KHSO 4 instead of hydro- 
chloric acid. It is practically impossible 
to accomplish this with many greases, 
particularly those containing little or no 
water. It is like attempting to make 
intimate contact between lumps of dry 
solids. We find that digestion with 
KHSO4 in the presence of small addi- 
tions of water and benzene completely 
decomposes the grease, if it is desired to 
follow the A.S.T.M. method as closely 
as possible. Subsequent evaporation of 
these solvents leaves a residue which 
can be extracted in Soxhlet type appara- 
tus required in the A.S.T.M. method. 

The method presented in this paper, 
by decomposing asphaltic and tarry 
greases with hydrochloric acid in the 
usual fashion, obviates the need for this 
complication. Small additions and rins- 
ings of warm, benzene are used to carry 
along any asphaltic or tarry matter 
which drops out of the naphtha layer 
during analysis. If it is acidic, addition 
of alcoholic potash saponifies such tarry 
acid and it is included in the “fatty acids 
from soap plus free fatty acid’’ where, 
being acid, it properly belongs. Other- 
wise, it remains in the “unsaponifiable 
plus neutral saponifiable” component 
and is finally estimated, either by sapon- 
ification or by weighing, as unsaponifi- 
able together with the mineral oil, or 
as neutral saponifiable together with the 
neutral fat. 

The A.S.T.M. method determines 
asphaltic and tarry matter as a unit; 
the proposed method provides means, 
where necessary, for resolving it into 
three fractions: acidic, saponifiable non- 
acidic, and unsaponifiable. Such re- 
solution can be especially important ; for 
example, in greases made with stearine 
pitch. 

Free Alkali ani Free Acid {SecHons 

18 j 19, and 20); New Method Jot 

Co-existing Free Alkali and Free Acid: 

During the past ten years it has be- 


come evident that free fatty acid' and 
free alkali can exist simultaneously in a 
lubricating grease. This has been found 
where free alkali metal carbonates or 
alkaline earth metal hydroxides are 
present. Free acid has not been found 
in the presence of free alkali metal hy- 
droxide, except for lithium. 

The determination of free fatty acid 
and free alkali in greases has been exam- 
ined in detail by a subcommittee of the 
National Lubricating Grease Institute. 
Its report^ presented a method for the 
determination of coexisting free acid and 
free alkali in lubricating greases based 
on work of Levin, Barnett, and Mc- 
Dowell.^ It is applicable to alkali and 
alkaline earth metal soap greases but, 
like the A.S.T.M, method, is inapplicable 
to those of weak bases such as aluminum, 
lead, etc. Basic soaps of alkaline earth 
metals in grease properly appear alkaline 
by the proposed method. Preliminary 
cooperative work by American and 
Canadian laboratories, both of A.S.T.M. 
and N.L.G.I. affiliation, confirm.s the 
authors’ statement on the general supe- 
riority of the method. 

It is interesting to note that the 
Institute of Petroleum’s ‘‘Standard Me- 
thods for Testing Petroleum and Its 
Products” (Sixth Edition, 1945) contains 
a revised method (I.P, — 37/44) which; 
recognizes the probability of a grease 
containing both free alkali and free acid. 
This method is quite similar to that 
already discussed. 

The former A.S.T.M. Method 
(D 128 - ny utilized a solvent mixture 
of naphtha and 50 per cent aqueous 
alcohol in the free acid or free alkali 
determination. At maximum effective- 
ness this could determine only the excess 


Gus Kaufman, “Test Methods for Determining Free 
Acid and Free Alkali in Greases,^’ Subcommittee oh Free 
Acid and Free Alkali, NX.G.I, The InsHtute Spokesman, 
January, 1944. 

s Submitted to Subcommittee IV on Grease of A.S.T.M. 
Committee D<-2 on Petroleum Products and Lubricants, 
in 1937. 

6 1927 Book of A.S.T.M. Standards, Part 11, p. 355. 
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of one constituent over the other. In 
the 1937 revision of Method D 128,^ 
95 per cent alcohol was substituted for 
50 per cent alcohol in order to secure 
better disintegration of water-insoluble 
greases. This change, however, made 
impossible the detection of free alkali 
in many sodium-base greases, as sodium 
carbonate is insoluble in 95 per cent 
alcohol in the presence of soap concur- 
rently dissolved, hence shows no alkaline 
reaction to phenolphthalein. Table I 
compares the former and present 
A.S.T.M. methods. 


table I,— free acid or alkali comparison 

OF THE FORMER AND PRESENT A.S.T.M. 
METHODS. 


Requirement 


Size of sample, 
g 


Solvent mixture 


Indicator 

Disintegration,.. 
Determination 
of free acidity.. 


Determination 
of free alkali. . . 


Limitations, 


! 

Former A.S.T.M. 
D 128 -27 (E) 1 

Present A.S.T.M. 

D 128-40 (18,19, 20) 
(Free Acid Determi- 
nation Revised in 
1937) 

10 to 30 

10 to 30 

75 ml. petroleum 

75 ml. petroleum 

ether 

ether 

50 ml. 50 per cent 

50 ml. 95 per cent 

alcohol 

alcohol 

Phenolphthalein 

Phenolphthalein 

In cold 

In cold 


If the alcoholic layer is not pink, ti- 
trate acidity in cold with 0.5 N 
alcoholic KOH. 


If the alcoholic layer is pink, add 10 
ml. of 0.5 N HCL reflux for 10 min., 
back titrate with 0.5 iV alcoholic 


KOH. 

At maximum ef- 
fectiveness de- 
termines only 
the excess of 
one constituent 
over the other 


Misses free alkali 
entirely in most 
sodium-base 
greases, as 
Na 2 C 03 is insolu- 
ble in 95 per cent 
alcohol. At 
maximum effec- 
tiveness, deter- 
mines only the ex- 
cess of one con- 
stituent over the 
other. 


Table II illustrates the varied results 
obtained by these two methods. 

In the two tests on ball and roller 
bearing greases, the higher results for 
free alkali obtained by Method 
D 128 - 27 are probably due to pre- 
mature end point caused by hydrolysis 


7 1939 Book of A.S.T.M. Standards, Part III, p. 159. 


of sodium soap in the dilute alcohol of 
the method. 

..It may be. expected that carbonate 
alkalinity would be missed in the newer 
(D 128 -40) methods, unless hydroxide 


TABLE II.-RESULTS OBTAINED BY TWO A.S.T.M. 
METHODS. 


Sample 

Product 

Type of 
Soap 

A.S.T.M. 

Method 

D 128 - 27, 
per cent 

A.S.T.M. 
Method , 
D 128 - 40, 
per cent 

No. 1... 

High heat 
grease 

’•Sodium 

0.20 as 
NaOH 

0.28 as 
oleic acid 

No. 2... 

High heat 
grease 

Sodium 

0,20 as 
! NaOH 

0.28 as 
oleic acid 

No. 3... 

Sponge 

grease 

Sodium 

0.03 as 
NaOH 

0.14 aS' 
oleic acid 

No. 4. . . 

Experi- 

mental 

Sodium 1 

I 0.05 as 
NaOH 

0.05 as 
oleic acid 

No. 5... 

grease 
Cup grease 

Calcium; 

0.11 as ! 
Ca(OH )2 

0.11 as 
Ca(OH)s 

No. 6. . . 

Ball and 
roller 
bearing 
grease 

Sodium, 

cal- 

cium 

0.11- as , I 
NaOH ’ 

0.04 as 
NaOH 

No. 7 .. 

Ball and 
roller 
bearing 
grease 

Sodium, 

cal- 

cium 

0.19 as 
NaOH , : 

0.10 as 
■NaOH. ■ 


TABLE III.—FREE ALKALI AND FREE ACID 
ANALYSIS OF KNOWNS. 


Sample 

A.S.T.M. 

D 128 ~ 40 

Authors’ 
Method for 
Co-existing 
Components 


Opera- 
tor 1 

Opera- 
tor 2 

Opera- 
tor 1 

Opera- 
tor 2 

No, l.-~Light colored 

substantially neutral 
sodium soap grease con- 
taining added oleic acid 
(0.1 per cent) and 
Na2C03 (1-0 per cent) 
Free fatty acid as 
oleic per cent 

None 

None 

0.1- 

0.1- 

Free alkali as Na-^COa 
per cent — 

None 

None 

0.9 

0.9 

No. 2.— Dark green sub- 
stantially neutral cal- 
cium soap grease con- 
taining added oleic acid 
(1.0 per cent) and 
CaCO?. (0.5 percent) 
Free fatty acid as 
oleic percent.. 

0.5 

0.5 

0.8 

' 0.,8 

Free alkali as CaCOg 
percent..... 

None 

.None 

0.5 

0.5 


is simultaneously present; the latter 
being siifhciently soluble in 95 per cent 
alcohol to give an alkaline reaction, 
would cause one to proceed to the free 
alkali determination (D 128 -40), 
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Table III presents data on known sam- 
ples and it is evident that Methods 
B 128-40 failed completely to detect 
sodium carbonate in a sodium soap 
grease, missed calcium carbonate in a 
calcium soap grease, and gave low 
results for free acidity. The authors’ 
method found both coexistant free alkali 
and free acid with fair accuracy. 

Similarly, free Ca(OH )2 in calcium 
soap grease and free LiOH in lithium 
soap grease were determinable in the 
presence of free fatty acids by the 
authors’ method, but not by the 
A.S.T.M. methods. 

Calculating and Reporting- 

The modihed method includes a sec- 
tion on calculating and reporting of 
data, including calculation of soap in 
single-base and mixed-base greases; and 
a convention for calculation of soap in 
greases containing soaps of weak bases 
such as lead, aluminum, etc. 


-.Graphic Scheme OF Grease : 

Analysis 

The graphic scheme of Methods 
D 128-40 (Fig. 1)^ illustrating the 
major separations has been modified 
by eliminating Method H (the KHSO4 
decomposition procedure) and incor- 
porating the other modifications de- 
scribed in this paper. The revised 
graphic scheme is given as the accom- 
panying Fig. 1. 
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APPENDIX 1 


: Methob eoe Analysis 

Scope 

L The method is applicable to lubricating 
greases and comprises procedures for deter- 
mining the constituents of greases likely 
to be covered by specifications. The me- 
thod is also suitable for analyzing used 
or experimentally-degraded greases. Some 
modern synthetic ester greases, or greases 
containing sulfonates, will require modifi- 
cation of the general procedure. 

Outline of Method 

2. Procedures are described for making 
the following determinations: 

{a) Ash. — ^Two methods are given for ash. 
In one, the sample is burned to constant 
weight; in the other, the grease is burned 
until the ash is nearly free of carbon and 
the residue then sulfa ted and weighed. 

{h) Water. — Water is determined by a 
modification of A.S.T.M. Standard Method 
of Test for Water in Petroleum Products 
and Other Bituminous Materials (D 95 - 
40). 1 This method is used because the 
apparatus is that employed for petroleum 
products in general. 

(c) Fillers are determined as the 
material insoluble in benzene or other 
suitable inert solvent. Uncombined lime, 
chalk, graphite, mica, talc, asbestos, gypsum, 
wood pulp, etc., will be included. 

(d) Soap Bases. — General methods for 
the detection of soap bases are given. 
They may be quantitatively determined 
by accepted procedures. A method is 
described for determining lithium. 

{e) Total Fatty Acids. — After decomposi- 
tion of the grease with HCl (10 per cent), 
free fatty acids and fatty acids from soap 
are separated by conventional grease solvent 
methods, asphaltic and tarry matter being 
carried along in the analysis. 


OE Lubricating Giease 

(J) Asphaltic and Taffy Matter.’— M as- 
phaltic and tarry matter is present, it is 
carried along and separated, depending on 
its nature, with total fatty acids, fat, or 
petroleum oil during the course of the se- 
parations of these grease constituents. 
This material may be separated from any 
or ah three of these fractions, as naphtha 
insolubles. If present in more than one 
fraction, the asphaltic and tarry matter 
is taken as the sum of the naphtha insolubles 
from each fraction. If inert fillers are 
present, they of couse wiE appear as naphtha 
insolubles and are taken into account by 
separating the asphaltic and tarry material 
as the benzene soluble. 

(g) Petroleum and Unsaponiiabk Oil , — 
Petroleum and unsaponifiable oil remain 
after the removal of neutral fat. If as- 
phaltic and tarry matter is present, it is 
removed as naphtha insolubles, the soluble 
portion being the petroleum and unsapon- 
ifiable oil. 

(h) Glycerin. — Qualitative and quantita- 
tive procedures are given for glycerin, 
oxidation to acrolein for the former, a 
periodate method for the latter. 

{i) Acidity afid Alkalinity. — Methods are 
given for determining coexisting free alkali 
and free acid. 

{j) Soap. — Methods are given for deter- 
mining and calculating soap from the 
quantities of acids and metals found in the 
grease. 

{k) Miscellaneous. — The utility of simpler 
and faster methods is recognized for samples 
on which a great deal of information is 
available beforehand, as in manufacturing 
control. 

Reagents 

3. (a) Sulfuric Acid conforming to the 
current specifications of the American Chem- 
ical Society. 
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(6) Hydrochloric Acid conforming to the 

current specifications of the American Chem- 
ical Society. 

(c) Hydrochloric Acid (10 per cent),— 
Prepare an HCl solution containing 10 per 
cent by weight of absolute HCL 

(d) Potassium Hydroxide conforming to the 
current specifications of the American 
Chemical ■ Society . 

■ (e) Methyl Orange Solution. — ^Dissolve 0.5 
g. of methyl orange in distilled water and 
dilute to 1 liter. 

(f) FkenolphthalSn Solution. — ^Dissolve 1.0 
g, of phenolphthalein in 50 ml. of alcohol, 
adding 50 ml. of water, and neutralizing 
before use with KOH solution. 

(g) Ethyl Ether conforming to the current 
specifications of the American Chemical 
Society. 

' (h) Acetone conforming to the current 
specifications of the American Chemical 
Society. 

(i) Alcohol. — Specially denatured alcohol, 
Formula 30, or its equivalent, neutralized to 
phenolphthalein with KOH solution. 

(j) Grease A nalysis Naphtha having an end 
point not higher than 200 F. (93 C.). A 
125-mL portion of the naphtha shall not 
consume more than 0.2 ml. of 0.5 N KOH 
when a blank test is made as follows: 
Boil 125 ml. of grease analysis naphtha with 
10 ml. of 0.5 Af alcoholic KOH and 50 ml, 
of neutral 50 per cent alcohol for 1| hr. on 
a hot plate, using a glass tube about 7 mm. 
in internal diameter and 750 mm. in length 
as a refiux condenser. After cooling, titrate 
the solution with 0.5 N HCl and phenol- 
phthalein. The naphtha shall leave a 
residue of less than 3 mg. per 200 ml. on 
evaporation at 212 F. 

(k) Benzene conforming to the current 
specifications of the American Chemical 
Society. 

Sample 

4. (a) Stir or mix the original sample until 
it is uniform. 

(b) The size of the sample for the deter- 
mination of fillers, petroleum oil and un- 
saponifiable matter, soap, and fat shall be 5. to 
30 g., depending on the consistency of the 
grease, which is determined chiefly by its soap 
content. A 10 to 20-g. sample is usually ^ 


convenient amount for No. 3 cup grease, 
while for semi-liquid greases a larger sample 
is required. A 5-g. sample is more con- 
venient for dehydrated driving * journal 
..greases. If the sample contains a large 
amount of filler or is difficult to filter, it is 
advisable to use a small sample (2 to 3 g.) 
for the determination of filler only and use a 
larger sample for the remainder of the 
analysis. 

(c) Samples need not be weighed more 
closely than 0.01 g. 

Ash 

Note. — The ash determination should not in 
general be regarded as of great importance It 
does, however, provide a starting material for 
the qualitative examination for inorganic con- 
stituents. (The absence of ash in a soap-type 
grease indicates an organic base for the soap.) 
It is often unsatisfactory because of interaction 
between sodium carbonate derived from the 
soap with fillers or other grease constituents, 
as well as likelihood of reaction with the porcelain 
crucible itself. If much sodium or potassium 
carbonate is present, the ash is fusible and often 
encloses carbon, making its complete removal 
difficult. Results will be low in the presence of 
easily reducible oxides of volatile metals. There 
is also uncertainty as to when calcium carbonate 
has been completely ignited to calcium oxide. 
Ash determinations made on the same sample 
in different laboratories are likely to vary widely. 

Procedure 

5. (a) Rapid Routine Method. — Place a 
2- to 5-g. sample of the grease in a we’ghed, 
porcelain crucible and weigh to the nearest 
0.1 g. If soaps of lead, zinc, and other 
reducible metals are known to be absent, 
a platinum crucible is more convenient. 
Burn off the combustible matter slowly, 
then ignite the residue until the ash is free 
from carbonaceous matter. Cool the cru- 
cible and contents in a desiccator and weigh. 

(h) Alternative Method (Sulfated Residue). 
^This method gives more concordant re- 
sults than the routine method outlined in 
Paragraph (a), but requires more time and 
manipulation. Burn the sample as de- 
scribed in Paragraph (a) until the ash is 
nearly free of carbon. Continue the deter- 
mination by the procedure in A.S.T.M, 
Tentative Method of Test for Sulfated 
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Residue from New Lubricating Oils 
(D 874-46T) A , 

(c) Qualitative Examination. — ^Dissolve the 
ash in dilute HNOs or HGl and examine for 
the presence of soap bases by suitable chem- 
ical tests, using any conventional scheme of 
qualitative analysis. Spectrographic me- 
thods are particularly helpful to insure that 
the presence of the less commonly used 
materials is not overlooked. Useful in- 
formation may be obtained by closely ob- 
serving for certain physical characteristics 
of the ash. Greases containing sodium, 
potassium, or lithium leave easily fusible 
ash dissolving completely in water to give 
a strongly alkaline solution. Calcium or 
magnesium greases leave white infusible ash 
of low solubility in water but alkaline in it. 
Zinc grease yields an ash which is yellow 
when hot and white when cold. Lead 
grease leaves an ash which is yellow when 
cold and commonly contains globules of 
metal. 

(d) Quantitative Examination.-— Make quan- 
titative determinations by conventional 
methods for the metals that were found in 
the qualitative examination of the ash. 
If the soap of only one metal is present, a 
quantitative determination is generally un- 
necessary. 

Water 

6. Determine water by A.S.T.M. Method 
D 95 -40,1 modified in accordance with 
the following Paragraphs (a) to (c). 

(a) Apparatus. — Use a round-bottom, 
short, ring-neck, 1 -liter flask. The bottom 
end of the reflux condenser shall be .ground 
off at an angle of 60 deg. 

(b) Sampling. — It is important that the 

sample be as representative as possible. 
Do not use outside surfaces which have been 
exposed to air. When testing hard grease, 
cut the sample into cubes before 

weighing. 

(c) Procedure.— The sample weighed into 
the flask shall be as large as consistent with 
convenient operation of the test, 100 g. 
generally being enough. The tendency of 


s 1945 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 151. 


some types of grease to, swell and puff may 
govern the maximum weight to be used. 
Add 500 ml. of solvent to the flask and con- 
nect to the trap and condenser. (If a 
50-g. sample is used, 250 ml. of solvent in 
a 500-ml. flask is convenient.) To assure 
disintegration of the grease, apply heat to 
the flask in such a manner that for 15 to 
30 min. there is only a simmering with just 
an occasional drop of condensed liquid 
falling back from the condenser, and then 
increase heat so that distillate falls from the 
condenser at a rate of 2 to 5 drops per second. 
Continue heating until the volume of aque- 
ous liquid in the trap is constant. For 
greater accuracy, the aqueous distillate may 
be corrected for glycerin carry-over on the 
basis of its refractive index. 

Fillers 

Procedure 

7. (a) Transfer a suitable quantity of sam- 
ple [Section 4 (5)] to a 250-ml. Erlenmeyer 
flask and add sufficient sdlvent to dissolve 
the grease and separate the filler. Greases 
containing more than very low concentra- 
tions of water should be dehydrated in an 
oven before adding the solvent. Hot ben- 
zene or xylene alone or in conjunction with 
methyl or isopropyl alcohol is generally a 
satisfactory solvent. The aromatic hydro- 
carbons, methyl alcohol, and isopropyl al- 
cohol frequently are employed successively. 
Special cases may require the use of other 
inert solvents, such as esters, haiogenated 
hydrocarbons, or Graham^s Mixture (methyl 
alcohol, benzene, and acetone). 

(h) Dissolve the grease in the solvent 
by boiling under a reflux condenser if neces- 
sary. Filter hot on a tared glass filtering 
crucible or other suitable filter medium. 
A heated filter crucible® is frequently help- 
ful. Where the filler is present in large 
quantities, or otherwise causes excessive 
difficulty in filtration, it may be necessary 
to conduct the solution and w^ashing opera- 
tions in a centrifuge tube, substituting 
centrifuging for filtration. Wash the residue 
with hot solvent, adding the washings to 


* S. H, Hulse and H. L. Thwaites, “Determining the 
Sediment Content of Fuel Oil,” Industrial and Engineer- 
ing Chemistry t Anal. Ed., VoL 10, p. 678 (1938). 
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the filtrate. Save the filtrate, if a large 
sample was used for filler determination, 
for the determination of fatty acids (Sec- 
tion 9 and (b)). 

(c) Dry the residue on the filter at a suit- 
able temperature, considering the boiling 
point of the solvent, and weigh. 

Soap 

Analysis for Soup Bases 

8. (a) Alkali Metal Soap {Qualitative). 
—Boil a sample of the original grease with 
water, and filter. Shake the aqueous solu- 
tion and note whether frothing occurs. 
Test a portion of this solution with barium 
chloride and observe for the appearance of 
curdy precipitate. Both will be evident 
if alkali metal soap is present. Alkali 
sulfonates will behave generally as soaps 
but will be distinguished by the emulsions 
they cause in the analysis. If sulfonates 
comprise the soap constituent, it will be 
necessary to wash the hydrocarbon or ether 
solutions of them encountered in the analy- 
tical separations with sodium chloride solu- 
tion instead of merely with water. 

{h) Soaps of Metals Other than Alkalis 
{Qualitative) .’—’Dry a portion of the original 
grease sample in an oven. Digest with 
boiling benzene, filter, and test the hot 
filtrate by addition of appropriate reagents; 
for example, to test for calcium add hot 
alcoholic oxalic acid solution. 

(c) Soap Bases {QuanlUaiive) . — Before 
allocating the fatty acids from soap in 
greases which contain soaps of two metals, 
determine quantitatively the most ac- 
curately determinable organically combined 
metal in the soluble portion of the grease. 
The metal can be determined by conven- 
tional inorganic procedures applied to the 
aqueous solution {A) obtained in accordance 
with Section 9 {a). It has been found that 
lithium in lithium-sodium soap greases can 
best be determined by the special method 
described in Appendix II. 

Fatty Acids ^ Free and from Soap 

9. {a) Separation of ^cfif^.-^Evaporate 
the filtrate saved from Section 7 (5) to small 
volume (approximately 25 ml.) in a 250-mL 
Erlenmeyer flask and add 20 ml of benzene 


(Note 1). Some solvents interfere with the 
chemistry of subsequent separations or 
cause bad emulsions and these should be 
completely eliminated by evaporation. 

Add 50 ml. of HCl (10 per cent) and sev- 
eral boiling stones to prevent bumping. 
Digest by boiling under a reflux condenser 
until the sample is completely disintegrated, 
S hr. is generally sufficient. Formation of 
a clear oil layer is evidence of such decom- 
position. Greases difficult to decompose 
may be resolved by more vigorous boiling, 
use of additional benzene, or use of a stronger 
HCl solution. Remove from the condenser 
and evaporate the benzene in a safe location, 
avoiding excessive heating so as not to lose 
volatile oils. Transfer the contents of the 
cool flask to a separatory funnel, using grease 
analysis naphtha and distilled water as 
washing liquids. If asphaltic and tarry 
matter is present, it will be difficult to com- 
plete the transfer with grease analysis naph- 
tha alone. In such case, add small but 
sufficient amounts of benzene to effect com- 
plete transfer. 

Allow the solution in the separatory funnel 
to separate and draw the aqueous layer (^),^ 
which contains the soap metals as chlorides 
and glycerin, into another separatory funnel. 
Wash the naphtha layer {B) with 25-ml 
portions (Note 2) of water containing 
methyl orange indicator until removal of 
the mineral acid is complete (Note 3). 
Add these washings to aqueous layer (^4), 

Wash aqueous solution (/^l) with two 
successive 20-mL portions of grease analysis 
naphtha. Combine these two 20-mL por- 
tions of solvent and wash once with 15 ml. 
of distilled water. Draw off and discard the 
water. Add this naphtha layer to naphtha 
solution (B). Set aqueous solution (^) 
aside for further examination as described 
in Section 13. 

Add sufficient 0.5 iV alcoholic KOH to 
naphtha solution (B) (Note 4) to keep the 
alcoholic layer distinctly alkaline to phenol- 
phthalein after vigorous shaking. The con- 
servative addition of water at this point 
may aid in securing rapid and sharp separa- 
-tion. 


* Solutions designated by capital letters in parentheses 
throughout this method refer to the solutions shown in 

Fig.l. 
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Allow the two solutions to separate 
sharply and withdraw the lower (alcoholic) 
layer (C) into another separatory funnel. 
Wash the upper (naphtha) layer (D) three 
times with 30-, 25-, and 20-mL portions, 
respectively, of neutral 50 per cent alcohol or 
until alkali-free. Add these washings to (C). 

Wash solution (C) with 25 ml. of grease 
analysis naphtha, adding the washings to 
naphtha solution (D). Save solution (D) 
for Section 10 (a). Place the alcoholic 
solution (C) in an Erlenmeyer flask or beaker 
and evaporate to a small volume or sub- 
stantial dryness to remove the alcohol. 
Wash the residue of potassium soap into a 
separatory funnel with hot water. Acidify 
strongly with HCl, and after the solution 
has cooled, shake successively with 50- and 
25-ml. portions of ethyl ether. If the acids 
are difficultly soluble, it may be necessary to 
use additional washings of 25-ml. portions 
of ethyl ether. 

Place the ether solution (JS) in a separa- 
tory funnel and wash twice (or until not 
acid to methyl orange (Note 2)) with 20-ml. 
portions of water. Discard the water wash- 
ings. Transfer the ether solution {E) 
(Note 5) into a weighed Erlenmeyer flask. 
Evaporate to dryness on the steam bath, 
sweeping the surface with air (Note 6) 
to remove the last traces of ethyl ether. 
Heat the residue for a short time on the 
steam bath, adding and evaporating S-ml. 
portions of acetone to remove the last traces 
of water. Weigh the dry residue as fatty 
acids from soap and free fatty acids. Acidic 
asphaltic or tarry matter, which may have 
been present in the grease, will be included. 
In subsequent calculation of soap, correction 
should be made for free fatty acid as de- 
termined in Section 15 (a). 

Note 1.— If fillers are absent or if a separate 
sample (2 to 3 g.) has been used for the deter- 
mination of fillers, the separation of acids should 
be made on a new portion of the original sample. 

N ote 2 .—Three washings should be sufficient. 
A greater number may occasionally be necessary 
but should be limited as much as possible due to 
the possibility of small losses of fatty acids 
through solubility in water. 

Note 3.- — ^When asphaltic and tarry matter 
is present in a grease, it may precipitate from the 
grease analysis naphtha solvent and stick to the 
inside of the separatory funnel or form a middle 


layer. In such cases, use small additional 
rinsings of warm benzene and thus carry this 
matter along in solution in the analysis. 

Note 4. — If naphtha solution (B) is not too 
dark, an approximation of the sum of free fatty 
acids and fatty acids from soap may be obtained 
for most greases by titrating this solution in the 
separatory funnel with 0.5 A alcoholic KOH, 
using phenolphthalein as indicator, and using 
200 as the assumed neutralization number of 
the fatty acid. 

Note 5.^ — If large amounts of filler were pres- 
ent and a separate sample was used for this 
determination, it may be necessary to filter this 
ether solution before transferring it to the Erlen- 
meyer flask in order to eliminate any filler that 
may have been carried along during the analysis. 

Note 6.— If there is reason to believe that the 
fatty acids are susceptible to oxidation, an inert 
gas such as nitrogen should be used to sweep 
out the flask. However, such fatty acids are 
very infrequently encountered. 

{h) Examination of ^ai^.—Determine 
the neutralization number of the fatty adds 
by adding to a maximum of 1 g, of acids, 
50 ml. of neutralized 95 per cent alcohol 
and titrating with 0.1 N KOH, using 1 ml. 
of phenolphthalein indicator solution, to 
a sharp pink end point while hot. The 
neutralization number will be needed in 
computing soap. Large difference between 
neutralization and saponification numbers 
is a clue to the presence of lactones or anhy- 
drides. Very low neutralization numbers 
may also indicate poor elimination of un- 
saponifiables. The acids may be used for 
further chemical or physical examination for 
identification. 

Fat, Petroleum and Unsaponifiable 
Matter 

Procedure 

10. (a) Wash naphtha solution (D) from 
Section 9 (a), containing free fat, petroleum, 
and unsaponifiable matter, with HQ (10 
per cent) to decompose small amounts of 
soap that may still be dissolved in it, and 
then with water until the mineral acid is 
removed. If large amounts of filler are 
present in the grease and a separate sample 
has been used for the soap separation, it 
may be necessary to filter this naphtha 
solution in order to eliminate filler which may 
have been carried along during the analysis. 
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The filler so separated should be washed 
with hot benzene to remove asphaltic and 
tarry matter and the washings added to the 
main naphtha solution. Pour the naphtha 
solution (which will contain benzene if 
tarry matter, etc. is present) into a weighed 
250-mL Erlenme^^er flask. Evaporate the 
naphtha and weigh the residue as petroleum 
oils, free fat, and unsaponifiable matter, 
which will contain nonacidiq asphaltic and 
tarry matter that may have been carried 
along in the analysis. 

Note 7. — Greases for low- temperature opera- 
tions may contain kerosine, gas oil, or light 
pale oil which may largely be lost by evaporation 
in this procedure. In such cases a dilution test, 
using CaCh brine instead of water, may be help- 
ful in estimating the amount of such volatile 
oils. Light pale oils and heavy gas oils may be 
retained by carefully controlled w-eighing at 
5-min. intervals when evaporating the solvent 
in this procedure, the break in the evaporation 
loss-time curve indicating the end point. In 
this manner three low-temperature greases made 
to contain 83 per cent minimum of low-viscosity 
mineral oil were found to contain 82 to 84 per 
cent by the proposed method as against 60 to 
67 per cent by the A.S.T.M. Method D 128, 
Analysis of Grease,® 

(b) Determine the neutralization number 
of this residue and add the equivalent acids 
to the fatty acids determined in accordance 
with Section 9 (a). 

(c) Determine the saponification number 
of this neutralized residue by digestion with 
alcoholic KOH. Save this saponified 
material for Paragraph (d). Calculate the 
percentage of fat, assuming a saponification 
number of 195. 

(d) If the calculated fat content is over 
0.5 per cent, verify the amount of it by 
separating and weighing its fatty acids 
(fatty acids X 1.045 — fat) from the saponi- 
fied mass, by the general procedure outlined 
in Section 9 (a). Save the fatty acids for 
Section 11 (c). For best results the actual 
separation of fatty acids should be employed 
even for low fat content 

(e) Wash the naphtha solution from 
Paragraph (d) with HCi (10 per cent) to 
decompose traces of soap, afld then with 
water to remove mineral acid. ' Evaporate 

fi 1944 Book of A.S.T.M. Standards, Par III, p. 1^2. 


the' naphtha solution, dry the residue by 
addition of 10 ml. of pure isopropyl alcohol 
and re-evaporation, and weigh the dry residue 
as petroleum and unsaponifiable matter. 
Save the residue for Section 11 (b ) . 

, Asphaltic and Tarry Matter 
Procedure 

. ll.„ These separations need not be '.made 
■ unless asphaltic and .tarry Matter., was evi- 
dent during the preceding operations. 

(a) Acidic MM/er —Weigh as large a 
sample as available of the fatty acids sep- 
arated in Section 9 (a) into a 250-mL 
Erlenmeyer flask. Add grease analysis 
naphtha so the ratio of weight of sample to 

.volume of solvent will be 1:10. Swirl the 
flask, warming to effect maximum solution, 
bring to room temperature, and let stand 
1 hr. Filter through paper, washing the 
residue in the flask and on the paper with 
small amounts of naphtha. Dissolve the 
material left on the paper and in the flask 
with warm benzene. Transfer the solution 
.' to a weighed flask and evaporate. Cool the 
.residue' and weigh as acidic, asphaltic and, 
tarry matter. 

(5) U nsaponifiable M aUer.,—On the petro- 
leum and unsaponifiable matter from Section 
10 (e) determine the insoluble matter in 
naphtha as described in Paragraph (a) and 
record as unsaponifiable asphaltic and tarry 
matter. Save the naphtha solution for 
Section 12 (a). 

(c) Saponifiable N.onacMic Matter. — On 
the fatty acids from fat separated in Section 
10 (d), determine the naphtha-insoluble por- 
tion as outlined in Paragraph (a) and record 
as saponifiable nonacidic asphaltic and tarry 
matter. ' ■■ 

■. Petroleum. and Unsaponieiab,le. 

; Matter (Recovery eor. . 

■. Identification) 

Procedure 

12. (a) Evaporate the naphtha solution 
from Section 11 (b). The solute is petro- 
leum and other unsaponifiable oil, and can 
be used for its further identification. 

(b) If the grease contains rosin oil, bees- 
wax, wool grease, spermaceti, montan wax, 
or other fatty materials containing large 
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percentages of unsappnifiable substances, the 
oil isolated will contain that unsaponifiable 
matter and the properties found will differ 
from those of the petroleum products used 
in making the grease. Special methods can 
frequently be devised to suit the individual 
conditions. 

; Glycerin '' . 

Procedure for Quolilalive Determination 

13. 'Neutralize a portion of solution (A) 
from Section 9 (a) with dry sodium carbo- 
nate and add sufficient excess to precipitate 
metals. Carefully evaporate the mass to 
to dryness and extract the residue several 
times with strong alcohol. Filter the com- 
bined alcoholic extracts and evaporate the 
alcohol. The lesidue will contain most of 
the glycerin with a little sodium chloride. 
Confirm the presence or absence of glycerin 
in this residue by conversion to acrolein,® 

Procedure for Quantitative Determination 

14. (a) This method is intended 

for the determination of free glycerin in 
grease, and for combined glycerin present 
as fat in grease. The method has been 
tried on greases containing 0.03 to 1.6 per 
cent glycerin — a range commonly present 
in greases — and found applicable. The 
metliod is reported to be accurate for gly- 
cerin, even in presence of ethylene and 
propylene glycols. 

{h) Outline of Method.— -To determine 
free glycerin in grease, the sample is refluxed 
with dilute H2SO4 and benzene, the benzene 
evaporated to reduce subsequent emulsion 
difficulties, the mixture extracted with water, 
the washings neutralized and then oxidized 
with potassiunl periodate,^ and the resulting 
solution titrated with standard NaOH solu- 
tion. Glycerin oxidizes to two moles of 
formaldehyde and one of formic acid: 

CaHgOs + 2K;I04 2HCHO 

-j- HCOOH -f 2 KIO 3 + H 2 G 

To determine free glycerin and glycerin 
combined as fat, NaOH, instead of H 2 SO 4 , 
is added before refluxing. After saponify- 
ing, the soaps are decomposed by refluxing 


with mineral acid, the benzene is evaporated^ 
and the gly cei in extracted with water. This 
aqueous solution is then oxidized as de- 
scribed above, 

(c) Special Reagents: 

- (i) Poiassiim Periodate, c.p. 

(2) Sla^idard Sodium Hydroxide Solu- 

tion (0.05 N). 

(3) Methyl Red Indicator Solution.^. 

(d) Procedure for Free Glycerin. — Weigh 
10 g, of sample into a 250-mL Erlenmeyer 
flask. Add dilute H 2 SO 4 (3 ml. of con- 
centrated H 2 SO 4 plus 20 ml. of distilled 
water) and 20 ml. of c.p. benzene. Reflux 
on a steam plate until the grease is decom- 
posed. Heat to evaporate the benzene, cool 
to room temperature, then add 50 ml. of 
grease analysis naphtha. Transfer , the 
contents of the flask quantitatively to a 
500-mL separatory funnel, washing the 
flask with 50 ml. of naphtha and 25 mi. of 
distilled water. Add these washings to the 
separatory funnel. Shake the contents in 
the separatory funnel, then allow the two 
layers to separate. Withdraw the water 
layer into a second separatory funnel con- 
taining 100 ml. of naphtha. Wash the 
first separatory funnel wnth two 30-ml.. 
portions of distilled water and add the wash- 
ings to the second separatory funnel. Shake 
the second separatory funnel, then allow 
the contents to separate. Filter the water 
layer through filter paper into a 300-mi., 
ground-glass stoppered Erlenmeyer flask. 
Discard the naphtha solutions. Wash the 
second separatory funnel once with 20 ml. 
of distilled w^ater and filter this water into 
the same Erlenmeyer flask. 

To the aqueous solution add 3 drops of 
methyl red indicator and make almost 
neutral with 6 N aqueous NaOH. Add 2 
more drops of the indicator and carefully 
bring to a copper-colored end point with 
0.05 N NaOH. 

To a clean, 300-ml. , ground-glass stoppered 
Erlenmeyer flask add 2 ml. of concentrated 
H2SO4 dissolved in 100 ml. of distilled water. 
Make the solution neutral to methyl red as 
directed above, and use this as a blank on 
the reagent. 


6 E, H. Huntress and S. P. Mulliken, ‘identification of 
Pure Organic Compounds," Order L p. 479 (1941). 

1 G. Hoepe and W. D. Treadwell, Chemical Abstracts, 
Vol. 36, 4058 (1942). 


8 The indicator is red in a neutral or acid solution. An 
alkaline (aqueous unadulterated) solution is yellow. In 
the glycerin determination, the solution is copper-colored, 
corresponding to faint alkalinity. 
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To each of the flasks add 3 g. of c,p. 
potassium periodate, tie the stoppers care- 
fully in place, and shake in a mechanical 
shaker for 2 hr. Remove the excess of 
potassium periodate by filtering the solution 
through filter paper (Whatman No. 42 or 
equivalent) and collect the filtrate in clean, 
300-ml., ground-glass stoppered Erlenmeyer 
flasks. Add 6 drops of methyl red indicator, 
titrate to a copper-colored end point with 
0.05 iV NaOH, and record the amount of 
NaOH used. 

(e) Procedure for Free and Combined 
Glycerin . — See Paragraph (b). 

if) Calculation.— Cs^cnlsite glycerin as 
follows: 


(M -Ml) X N X 0.0921 
S X 0.92 


X 100 


where: 

G — percentage of glycerin, 

M — milliliters of 0.05 N NaOH used to 
titrate the sample, 

Ml - milliliters of 0.05 N NaOH used to 
titrate the blank, 

N — normality of the NaOH, 

^ — weight of the sample, and 

0.92 is an empirical factor derived from 
experimental data (not to be con- 
fused with 0.0921 which is the 
stoichiometric glycerin value). 


Acidity and Alkalinity 
Coexisting Free Alkali and Free Acid 

15. (a) Free Acid . — Weigh 2 to 10 g. 
of sample into a 250-mL Erlenmeyer flask, 
smearing the grease over the inside of the 
flask with a glass rod to facilitate disintegra- 
tion. Add 100 ml. of a neutral mixture of 
equal volumes of benzene and 98 per cent 
isopropyl alcohol, and a few glass beads. 
Agitate the sample or stir with a glass rod to 
disintegrate the grease if possible. If 
necessary, the grease and solvent may be 
heated under a reflux condenser to com- 
pletely disintegrate the sample (Note 8). 
Promptly titrate the free acid with standard 
0.1 W alcoholic KOH, using phenolphthalein 
indicator. Save this solution for Paragraph 
{b). Run a blank determination at the 
same time, using all reagents but without 


the grease sample. Calculate free acid in 
terms of oleic acid. 

Note 8. — It is preferable to effect the dis- 
integration of the grease at room temperature 
whenever possible, since lower free fatty acids 
of greater reactivity may be present and higher 
temperatures may accelerate their interaction 
with the free alkali simultaneously present. 
To those greases which are difficult to disinte- 
grate, it is advantageous to add the benzene 
component alone, reflux the mixture for a few 
minutes, and then add the isopropyl alcohol 
and continue in the usual manner. 

(b) Free Alkali. — To the neutralized 
solution remaining after the determination 
of free acid (Paragraph (u)), or to the origi- 
nal solution if initially alkaline, add 20 ml. 
of 0.5 N aqueous HCl Boil the mixture 
under a reflux condenser for 10 min. Add 
50 ml. of neutral 98 per cent isopropyl alco- 
hol and promptly titrate the excess acid 
with standard 0.5 N alcoholic KOH to 
phenolphthalein. Run a blank at the same 
time, using all reagents but without the 
neutralized solution. Calculate free alkali 
in terms of the carbonate of the predominat- 
ing soap base.® 

Free Acid in the Presence of Iron, Zinc^ 

Aluminum y or Other Weak-Base Soaps 

16. If samples of iron, zinc, aluminum, 
or other weak-base soaps are present, a 
direct determination of free acid is not pos- 
sible, since these metallic soaps react with 
KOH. 

Calculating and Reporting 
Neutralization Number of Fatty Acids 

17. Calculate the neutralization number 
of the fatty acids as follows: 

, '56.UiV 

Neutralization number = — — 

where: 

A = milliliters of KOH required for titra- 
tion, 

N — normality of KOH used for titration, 
and 


9 Gus Kaufman, “Test Methods for Determining Free 
Acid and Free Alkali in Greases,” Subcommittee on Free 
Acid and Free Alkali, N.L.G.I., The ImiUuk Spokesman^ 
January, 1944. 
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X = grams of fatty acids that were titrated. 
Molecular WeigM of Faity Acids 

18. Cakulate the molecular weight of 
the fatty acids as follows: 

Molecular weight; 

56,100 

neutralization number of fatty acids 

Soap in Single-Base Greases 

19. Calculate the percentage of soap in 
single-base greases as follows: 

o 

Soap, percent = ^ 

where : 

B = molecular weight of the soap, 

C ” percentage of fatty acids from the soap, 
D = molecular weight of fatty acids from 
the soap, and 

E * number of moles of fatty acid per mole 
of soap. 

Soap in Mixed-Base Greases 

20. (a) If the grease is soluble in organic 
solvents, determine the more accurately 
determinable metal (of the two soaps pres- 
ent) in the solvent-soluble portion. Cal- 
culate the soap as follows: 

FB 

Soap, per cent = — 

G 

where: 

F == percentage of the metal determined, 
B = molecular weight of the soap, and 
G = molecular weight of the metal deter- 
' mined. , 

Then calculate the fatty acids necessary to 
form this amount of soap. Subtract these 
acids from the total soap fatty acids and 
calculate the remaining soap fatty acids to 
soap of the second metal, as in Section 19. 


(b) ■ If the grease,, is not soluble in organic . 
solvents, determine the most accurately 
determinable metal and correct it for free 
alkali if it is the predominant metal. Then 
proceed as in Paragraph (a). The presence 
of fillers may introduce complications in 
the analysis of such a grease. 

Soap in Greases Containing Heavy Melal 

Soaps 

21. (a) If the soap metals are lead, alum- 
inum, etc., where free fatty acids are un- 
determinable, determine the organically 
combined metal, add this to the sum of 
free fatty acids plus fatty acids from soap, 
and consider the sum the soap content. 

{b) It is good practice to check the soap 
content by calculating the soap fatty acids 
(free and from soap) to soap. If the acids 
are greatly in excess of that necessary for 
the normal soap of the metal, it is advisable 
to calculate the metal to normal soap and 
report the remaining acids as excess acids. 

Miscellaneous 

22. Where a great deal of information 
on the nature of the grease constituents is 
available, as in manufacturing control, good 
use has often been made of simpler and faster 
methods for estimating soap content. For 
this purpose ash content, sulfated ash con- 
tent, alkalinity of ash, and organically com- 
bined calcium have been used with various 
degrees of success. The last of these four 
methods, involving precipitation of calcium 
by addition of alcoholic oxalic acid to an 
Alundum filtered hot benzene solution of a 
lime soap grease, is the most reliable. 
Similarly, excess alkali in soda-soap grease 
has been determined by refluxing with stan- 
dard alcoholic stearic acid and back- titrating 
the excess to phenolphthalein. Excess 
alkali in lime-soap grease has been deter- 
mined on its hot benzene-insoluble matter. 
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Determination of Lithium in Lithium-Sodium Soap Grease 


Scope 

1. This method is applicable to lithium- 
sodium soap greases yielding an ash that 
does hot contain appreciable amounts of 
sulfate or phosphate. 

Outline of Method 

2. The sample is burned at a low tempera- 
ture. The resulting ash is dissolved in 
dilute hydrochloric acid and evaporated to 
dryness. Lithium chloride is selectively 
dissolved from the residue with acetone/ 
sodium chloride remains undissolved. The 
lithium chloride is sulfa ted and weighed. 

Procedure 

3. (a) Weigh 1 to 2 g. of the sample into 
a platinum dish. Heat over a burner until 
the grease ignites and, allow the sample to 
burn until only carbon and ash remain. 
Ignite in an electric muffle at 540 C. until 
the carbon is removed. If the ignition is 
carried out at too high a temperature the 
platinum dish will be attacked by the fused 
alkali oxides. Cool the residue and dissolve 
by adding HCl (1:1). Transfer the solution 
to a 250-ml. beaker and evaporate to dryness 
on the steam bath. 

(р) If a small amount of sulfate is present 
in the ash, as indicated by a qualitative 
test made on a separate sample, 2l slight 
excess of barium chloride should be added 
before the solution is evaporated to dryness. 
Neither barium sulfate, nor chloride in 
small amounts, will interfere with the sub- 
sequent determinations. 

(с) Add 25 ml. of anhydrous acetone and 
1 drop of concentrated HCl to the dry salts. 
Pulverize and agitate the mixture with a 
glass rod for 10 to 15 min. Allow the in- 


soluble matter to settle, then decant the 
solution through a dry paper (11-cm. No. 42 
Whatman filter paper or equivalent) col- 
lecting the filtrate in a weighed platinum 
dish. 

{d) Add 10 ml. of water and 5 ml. of 
HCl to the original beaker and again evapo- 
rate to dryness on the steam bath. Add 
25 ml. of anhydrous acetone and 1 drop of 
concentrated HCl to the dry salts, repeating 
the extraction as previously done and adding 
the filtrate to the main filtrate already in 
the platinum dish. Dissolve with hot water 
any salts accidentally transferred to the 
filter paper and collect these washings in the 
original beaker. Evaporate this solution 
to dryness with HCl as above and perform 
one more acetone extraction on the dry salts, 
decanting through a clean dry paper, and 
add this filtrate to the platinum dish. 
Evaporate the acetone extracts to dryness 
and weigh. (Three acetone extractions per- 
formed in this manner separated 0,095 g. 
of lithium chloride from a comparable 
amount of sodium chloride. If a larger 
amount of lithium salt is expected, the ex- 
tractions should be repeated until the plati- 
num dish no longer gains in weight.) 

{e) Moisten the residue with concentrated 
H 2 SO 4 and fume to dryness, removing or- 
ganic matter by the cautious dropwise 
addition of concentrated HNO 3 . Ignite 
at about 800 C, for several minutes to re- 
move last traces of SO 3 . Cool in a desicca- 
tor and weigh as lithium sulfate (Li 2 S 04 ). 

Calculaiion 

4. Calculate the percentage of lithium 
as follows: 


iM. H. Brown and J. H. Reedy, ‘‘Determination of 
Lithium,” Industrial and Engimerine Chemistry f Anal. 
Ed„VoJ.2,p.304 (1930), 


Lithium, per cent 


LiiSOi X 0.1263 
weight of sample 


X 100 
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SUMMARY OF PROCEEDINGS OF 'THE SYMPOSIUM 
ON pH MEASUREMENT 

The Symposium on pH Measurement was presented at the Fourteenth 
and Fifteenth Sessions of the Forty-Ninth Annual Meeting of the American 
Society for Testing Materials in Buffalo, N. Y., on Thursday, June 27, 
1946. The Symposium was sponsored by Technical Committee XIII on 
Hydrogen Ion Determinations of Committee E-1 on Methods of Testing, 
through a special committee consisting of E. B. Ashcraft, Westinghouse 
Electric Corp., Chairman, G. A. Perley, D. S. McKinney, G. G. Manov, 
and F. D. Tuemmler, 

Mr. Ashcraft was chairman of the fourteenth session, and Mr. McKinney 
of the fifteenth session. 

The principal purpose of the Symposium was to present the latest theory 
and practice in the various methods, such as colorimetric and potentiometric, 
for making pH and closely related measurements. The authors are experts 
in the field of pH determinations, and their contributions should be very 
valuable to those who are interested in such work. 

The Symposium consisted of the following seven papers: 

Recent Advances in the Theory and Use of Glass Electrodes for pH Determinations — 
Malcolm Dole 

Definition of pH and Extension of the Acidity Scale to Nonaqueous Systems — D.S, 
McKinney, Paul Fugassi, and J. C. Warner 

Acid-Base Equilibria in Aqueous and Nonaqueous Solutions — Martin Kilpatrick 

The Potentiometric Estimation of Hydrogen Ion Concentration in Nonaqueous Media — 
L. Lykken 

Standard Buffer Solutions — George G. Manov 

Precautions to be Observed in Making Colorimetric pH Determinations— -F. R. 
McCrumh 

Historical Review of the Hydrogen Electrode and the Calomel Cell in the Measurement 
of Hydrogen Ions — C. N. Meyers 

These papers together with discussion are issued as Technical FuMi- 

caijow iVo. 7J, entitled “Symposium on pH Measurement.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON OIL 
PROCUREMENT PRACTICES 

The Symposium on Oil Procurement Practices was presented at the 
Sixth and Eleventh Sessions of the Forty-Ninth Annual Meeting of the 
Society in Buffalo, N, Y., June 25 and 26, 1946. The Symposium was 
sponsored by Technical Committee B on Lubricating Oils of A.S.T.M. Com- 
mittee D-2 on Petroleum Products and Lubricants as a first step in a pro- 
gram laid down by a special study committee of Committee D-2 to explore 
the possibility of preparing purchase specifications for lubricants. 

The principal purpose of this Symposium is to make available to these 
interested, information about practices in the purchase of lubricants which 
are now being used with success. 

The Symposium consisted of the following seven papers: 

Introduction to Symposium on Oil Procurement Practices — T. A, Boyd 

Purchasing of Petroleum Oils by the General Electric Co. — Christian Dantsizen 

Eastman Kodak Purchase Specifications for Lubricants — ^C. L. Pope 

Airline Oil Procurement Practices — T. Hendren 

A Recommended Practice for the Purchase of Lubricants — B, C. Vosheli 

U, S. Navy Oil Procurement Practices — ^J. P. Costello 

Oil Procurement Practice in an Automobile Plant — J. L. M'cCloud 

These papers together with discussion are issued as a separate publica- 
tion entitled ‘^Symposium on Oil Procurement Practices.’’ 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
SPECTROSCOPIC LIGHT SOURCES 

The Syraposiuna on Spectroscopic Light Sources was presented at the 
Third and Fifth Sessions of the Forty-Ninth Annual Meeting of the Society 
in Buffalo, N. Y., on Tuesday, June 25, at a morning and an afternoon 
session. Committee E-2 on Spectrographic Analysis sponsored the two 
sessions, through a committee consisting of E. B. Ashcraft, Westinghouse 
Electric Corp., Chairman, G. H. Dieke, Johns Hopkins University, and 
Jacob Sherman, Philadelphia Navy Yard. 

Mr. Ashcraft served as chairman of the third session, and H. V. Churchill, 
Aluminum Company of America was chairman at the fourth session. 

This Symposium was organized with the thought that the time had ar- 
rived when the field of spectrochemical analysis could best be advanced by a 
detailed examination of its various subdivisions. The techniques and instru- 
ments used in spectrochemical analysis divide themselves more or less 
naturally into three groups having to do, respectively, with the excitation 
of the sample, the resolution of the spectrum, and the determination of the 
relative intensities of the light emitted at various wavelengths. It was 
thought by the committee that the first of these groups is perhaps the least 
advanced and that a detailed study in the form of a symposium might be 
a particularly desirable contribution at this time. 

The Symposium consisted of the following four papers: 

The Present Status of Excitation in Spectrographic Analysis— B. F. Scribner 

A Study of the Controlled Spectrographic Spark Source— J. H. Enns and R. A. Wolfe 

Some Properties of Gas Discharges Used as Spectral Sources— R. C. Mason 

Short Period Behavior of Spectroscopic Light Sources — G. H. Dieke 

These papers, together with invited discussions prepared by several well- 
known practicing spectroscopists, are issued as Technical FublicuUon No. 74y 
entitled ‘^Symposium on Spectroscopic Light Sources.’’ 
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SUMMARY OF PROCEEDINGS OF THE' PITTSBURGH 
SPRING MEETING 


SYMPOSIUM ON ATMOSPHERIC EXPOSURE TESTS ON 
NON-FERROUS METALS 


DISCUSSION ON STATISTICAL QUALITY CONTROL IN ITS 
APPLICATION TO SPECIFICATION REQUIREMENTS 


The 1946 Spring Meeting of the Society was held in Pittsburgh, Pa., at the 
William Penn Hotel, on Tuesday, February 26 and Wednesday, February 
27, 1946 in conjunction with the Spring Group Meetings of A.S.T.M. com- 
mittees. The Spring Meeting consisted of two technical symposiums, one 
on atmospheric exposure tests on non-ferrous metals and the other on 
statistical quality control. 

Symposium on A tm-o spheric Exposure T ests on N on-Ferrous Metals: 

Two sessions were devoted to the Symposium on Atmospheric Exposure 
Tests on Non-Ferrous Metals*— -afternoon and evening of Wednesday, 
February 27. The symposium was sponsored by A.S.T.M. Committee 
B-3 on Corrosion of Non-Ferrous Metals and Alloys, and was arranged by 
W. H. Finkeldey of Singmaster & Breyer, chairman of Subcommittee VI 
on Atmospheric Corrosion, J. J. Bowman, Aluminum Company of America, 
cooperated for the Pittsburgh District Committee. 

The purpose of the Symposium is to present the data resulting from the 
extensive atmospheric corrosion tests carried out by Committee B-3 over 
a period of ten years, and to evaluate these data so that American industry 
may make practical use of the results. All authors are leading authorities 
in their own particular fields, thus making a valuable contribution to in- 
dustry. The Symposium consisted of the following papers: 

Introduction — W. H. Finkeldey 

The Corrosion of Rolled Zinc in the Outdoor Atmosphere — E. A. Anderson 

The Behavior of Nickel and Monel in Outdoor Atmospheres— W. A. Wesley 

Resistance of Copper Alloys to Atmospheric Corrosion^ — A, W. Tracy 

The Use of Lead and Tin Outdoors-^George O. Hiers 

The Resistance of Aluminum-Base Alloys to Atmospheric Exposure— E. H. Dix, Jr. 
and R. B. Hears 

Tracking Troubles in Atmospheric Corrosion Testing— P. S. Olmstead, W. E. Campbell, 
and H. G. Romig 

Mr. Finkeldey was chairman of the afternoon session and Mr. Bowman 
chairman of the evening session. 
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Discussion on Statistical Quality Control in Its Application to Specification 

Requirements: 

The Discussion on Statistical Ovality Control in Its Application to Speci- 
fication Requirements was held on Tuesday evening, February 26, 1946. 
Arrangements for the Discussion were made by the Pittsburgh District 
Committee, headed by Thomas Spooner, Chairman, and P. G. McVetty, 
Secretary, both of Westinghouse Electric Corp., assisted by F. T. Mavis, 
Carnegie Institute of Technology. H. F. Dodge, Bell Telephone Labora- 
tories, Inc., acted as chairman of the session. 

The widespread application of statistical quality control methods during 
the war years testifies to the increasing importance of quality control in 
production. The authors of the papers are outstanding authorities in this 
field, and their contributions should prove to be of great value to industry. 
The papers included are as follows: 

Introduction— 'H. F. Dodge 

Use of Statistics in Writing Specifications — Casper Gofiman and Joseph Manuele 

Dollars for your Thoughts— Leslie E. Simon 

The papers in both the above symposiums elicited discussion which con- 
tributed greatly to the information contained in the papers. The papers 
complete with discussion have been issued by the A.S.T.M. as separate 
publications entitled, respectively, ‘‘Symposium on Atmospheric Exposure 
Tests on Non-Ferrous Metals,” and “Discussion on Statistical Quality 
Control in Its Application to Specification Requirements.” 
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Abrasion' Testing. ■ 

The Falling Sand Abrasion Tester — C. C. 
Hipkins and R. J. Phair. Published in 
ASTM Btoletin, No. 143, December, 
1946, p. 18. 
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Published in ASTM Bulletin, No. 143, 
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Absorption. 
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Alloy’Steel — continued, 

Carbon-Molybdenum Steel-— S. H. Weaver, 
*856. ’ Discussion, 867. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 180. 

Filler Metal. Report of Joint Committee. 
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Investigation of Materials for Marine Propel- 
lers— William C. Stewart and W. Lee Wil- 
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Iron-Chromium, Iron-Chromium-Nickel, 
and Related Alloys. Report of Commit- 
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Magnetic Properties. Report of Committee 
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Alloys, Non-Ferrous. 
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Investigation of Materials for Marine Propel- 
lers — William C. Stewart and W. Lee 
Williams, 836, 

Iron-Chromium, Iron-Chromium-Nickel, and 
Related Alloys. Report of Committee 
A-10, 171. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 259. 

Protective Organic Coatings as Engineering 
Materials. Twentieth Edgar Marburg Lec- 
ture — Joseph J. Mattiello, 493. 



Subject Index 


1591 


Report on Inspection of Annapolis Tests. 
Report of Subcommittee IIIj Committee 
'''A-s, :i46." 

Report on the Inspection of the Corrosion- 
Resisting Steel Deck Houses on the U. S. 
Navy Destroyers Farra^t and Alwyn. 
Appendix II, Report of Committee A-10> 
179. 

Report on Passivation of Corrosion-Resistant 
Steels, F. L. LaQue, Appendix I, Report of 
Committee A-10, 175. 

Report of Subcommittee V on Exposure and 
Corrosion Tests. Committee B-6, 244. 

Resistance of Iron-Nickel-Chromium Alloys 
to Corrosion in Air at 1600 to 2200 F. — 
Anton deS. Brasunas, James T. Gow, and 
Oscar E. Harder, 870. Discussion, 894. 

Symposium on Atmospheric Exposure Tests 
on Non-Ferrous Metals — Summary of Pro- 
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ASTM . Bulletin, No. 141, August, 1946, 
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What Is New In Science and Engineering — 
Everett S. Lee, Published in ASTM 
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No. 139, March, 1946, p. 17. 
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See also Steel. 

Fatigue Tests of Rail Steel Under Compres- 
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D-18 on Soils, — ^D. M. Burfnister, Pub- 
lished in . ASTM Bulletin, No: 142, 
October, 1946, p. 38. . 
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Spectroscopic Light Sources, 1579. 

Speed of Testing. 
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p.43. 

The Challenge of National and International 
Affairs to the Engineer, Annual Address by 
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